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Part I.
Introduction.

For many years observers have noted the
occurrence of altered bedy reactivity following the
contact of helminthic substances with human or
animal tissues., Thues as early as 17569 Hawkins
recorded grave symptoms and death in a girl follow-
ing rupture of a hepatic hydatid cyst. Much later
Kourson and Schlagdenhauffen (1882), Debove (1887),
Humphry (1887) and Achard (1888a,b) studied the
gquestion of hypersensitivity to hydatid disease in
humans. These authors held the view that the
hydatid fiuid was toxic in character, contained
"ptomaines" aﬁd that aénaitivity to the fluid occur-
red irregularly in persons infested with hydatid
cysts.

Sensitivity to the ascaris worm was
noted by Huber (1870) who reported sensitivity of
himself and other workers to ascaris substances,
luch later Goldschmidt (1910) described the
allergic syndremes which eoccurred in humans as a
result of working with Ascaris lumbricoides.

No advance was made in the field of
serology in helminth diseases until the main
serological techniques in bacteriology were
developed. Kraus (1897) described the precipitin

reaction for the plague bacillus and Bordet and
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Gengou (1901) demenstrated the complement fixation
technique. Though Edward Jenner deseribed the
development of a local skin reaction in smallpox
patients in 1801, it was not until 1891, when
Robert Koch deseribed the skin sensitivity to the
tubercle bacillus, that the skin reasction became
widely known. With the development of these tests
as applied to bacteriology, work was soon initiated
using comparable methodes for the determination of
serological and hypersensitive responses to
helminth parasites.

Review of the Literature.

As it is not practicable, in the scope
of this thesis, to give a complete survey of all
the literature which has been consulted, only a
brief survey has been made te indicate the work
carried out in each biological group of helminths.

Phylum. Plathelminthes,
Class. Trematoda.
Pasciola hepatica.

Many workers have been able to show that
a certain degree of complement fixation antibody
occurred in the sera of animals infested with
F.hepatica. Paccanare (1909) was the first to
introduce this method for the diagnosis of liver
fluke infestation in sheep and cattle, obtaining
positive results in infested animals. Weinberg

(1909b) reported that the sera of infested animals




invariably gave positive complement fixatien
reactions., Similar results were obtained with the
sera of infested sheep by Fairley and Williams
(1923) and with the sera of infested humans by
Lavier and Stefanopoule (1944). The latter alse
indicated that antibodies occurring during F,hepatica

infestation persisted for some time after the
elimination of the parasites. In contrast to the
findings of the previous mentioned workers, other
workers have found that complement fixation
antibodies are not confined to infested animals,
but are evident in animals showing no evidence of
F.hepatica infestation. PBusson (1911)'and Brocg-
Rousseu, Cauchemez and Urbain (1925).9bta1ned
positive complement fixation reactions with the
sera of cattle (Busson) and sheep (Brocg-Rousseu
et _al) which showed no infestation with F,hepatica.
These two authors determined the degree of fixation
by variafion of the quantity of entigen, H8ppli
(1921), Servanti (1921) and Wagner (1935) reported
the occurrence of positive complement fixation
reactions net only in the sera of sheep infested
with F.hepatica but also in the sera of sheep not
infested with the parasite. The last named authors
did not determine the degree of fixation but used
the fization of a single volume of complement as
the eriterion for a positive reaction. Herein

probably lies the explanation for the diserepancies




evident in the results of the various reports on
complement fixation reactions with the sera cattle
and sheep infested and net infested with F,hepatics.
Studies on the occurrence of complement fixation
antibodies in the sera of humans infested with
F.hepatica in isolated instances have met with
little success. Thus Heckenroth and Advier (1931)
were unable to deteet such antibeodies in the serum
of a person infested with F,hepatica in Corsica and
Bacigalupo (1934) obtained only ene positive
complement fixation reaction out of three sera from
infested humans,

Studies using the precipitin test to
detect antibodies to F,hepatica were initiated by
Hoffman and Rivera (1929)., These authors recorded
positive preecipitin reactions with the sera of
infested sheep. Similar reactions were however
noted with the sera of sheep which showed no
infestation with the parasite. The preparation of
the antigens (using ether to remove lipeoidal
substances) probably accounted for the occurrence
of the many false results, Trawinski (1937)
obtained positive precipitin results with the sera
of all infested animals, while non infested animals
all gave negative results, Later, Szaflarski
(1946) demonsirated that the sera of sheep suffering
from an early invasion of F,hepatica reacted




-des parasites" when using allergic tests for the
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strongly to the precipitin test while sera from
sheep with 0ld standing infestations gave less
marked results.

Allergic responses to F,hepatica
infestation in sheep were first studied by Sievers
and Oyarzun (1932) whe reportedexcellent results
with cutaneous scarification and intradermal tests.
Currasson (1935) however reported "Il n'y a pas de

/ : /
relaticn entre 1'existence des reactions et celle

diagnosis of F.hepatica infestation in sheep and
cattle. Wagner (1935) and Aygln and Baskaya
(1939) reperted that hypersensitivity to F.hepatica
infestation in sheep could be successfully detected
by the intradermal test, Wagner (1935) obtained
73% positive results in infested animals and suggest-~
ed that thic sensitivity persisted for a long time
after infestation. Aygln and Baskaya (1939)
stated that the results of the skin test paralleled
the faecal findings, The allergic response to
F.hepatica infestatien in humans has been studied
by Mazzotti (1942; 1948), Morenas (1943a,b; 1944),
Lavier and Stephanopoule (1944) and Mayer and Pifan¢
(1945a) who obtained marked skin reactions in
infested persons., Rukawina (1935), however,
obtained negative results with the skin test in

humans infeeted with F,hepaticsa.
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Antibodies which partially protected
rabbits against infestatien with F.hepatica were
demonstrated by Kerr and Petcoviteh (1935) whe
vaccinated rabbits with liver fluke material,
thereby protecting the animals te a Bignificant
degree apgainst infestation.

Schistosomes.

It has been well established that there
is a marked serological response to Schistosome
infestation. Fujinama and Nakemura (1909)
initiated the work on schistoseme serology, reperting
negative complement fixation results with the sera
of calves infested with Schistosome japenicum.
Later Hayami and Tanska (1910) reperted pesitive
complement fixation with the sera of calves infested
with schistosemes, and Yoshimoto (1910) reported
similar results with the sera of humans infested
with the parasites. 'Fairley (1919) confirmed the
use of the complement fixation test for the
diagnesis of Schistosomiasis, He was unable to
detect antibodies in the sera of five monkeys dying
from the acute form of the disease. Later,
Fairley (1926), using an antigen prepared from the

livers of snails (Plenorbis exustus) infected with

the cercarise of S.spindale demonstrated that the
sera of goats infested with this parasite showed a

marked and sustained complement fixation titre from




the third te the twelfth month, Fairley was of
the opinion that this antibedy reaction was maintaiq-
ed sc long as the host continued to harbour living
Schistosomes. [Fairley and Jasudason (1930) studied
the complement fixation antibedy titre in menkeys
(Macacus senicus) infected with S.spindale. A
preliminary rise in antibedy titre was noted during
the second week of infestation which corresponded
to the cercarial invasion; a secondary rise was
obgerved from the fifth to the ninth week after
infestation which was associated with the formation
of portal thrombi containing dead schistosemes,
In animals where the death of all the schistosomes
had occurred (after treatment) the antibedy titre
gradually fell, Positive results, however, were
seen up to three months after the disappearance of
living schistosomes. These persisting positive
results were attributed to the disintegration of
dead schistosomes embedded in pertal thrembi. A
similar rise of antibedy in the sera of infested
dogs was noted by Miyagi and Imai (1928) and in the
gsera of infested humans by Minning (1941).
Hypersensitivity to Schistosome infesta-
tion was demonstrated by Fairley and Williams (1927)
who described an intradermal reaction in infested
individuals. This intradermal reaction was widely

used for the diagnosis of schistosome infestation
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in areas where the disease is endemie, Satisfactory

results with the skin test were obtained by
Taliaferro and Taliasferro (1931), Manson-Bahr (1929)
Kan-Huai-Chieh (1926), Mayer and Pifano (19456a and b

Guerra, Mayer and Prisco (1945) and Pratt and Oliven-

Genzalez (1947). These authors indicated that skin
sensitivity persisted for a long peried after
infestation had disappeared. Vogel (1932),
however, reported that the skin test was unsatis-
factory for the detection of schistosome infestation

Contrary to the findings of Fairley (1919)
Papermiester and Bang (1948) demonstrated a
precipitate occurring round the cercariae of
schistosomes when they were incubated in the sera
of humaneg or animals infested with schistosomes.
Liu and Bang (1950) recorded an agglutinin for the
cercarise of schistosomes in the bleed of Rhesus
monkeys which were infested with the parasite.
This agglutinin appeared in the serum when eggs
were passed in the faecesn, Ko sueh agglutinin
appeared in the sera of monkeys (Macecus
philippinensis) which were affected with chrenic
schistosome infestation, or were not affected. A
similar action of serum as mentioned by Papermiester
and Bang (1948) had previously been noted in normsl
serum by Tabangui and Masilungan (1936), Culbertson
and Talbot (1936) and Culbertsen (1936). |

’
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latum by Isaac and Velden (1904), Chedini (1907)

golium. Light infestations of tepeworme in horses

Clegs = Cestoda.
Adult Tape Yorms.

Evidence concerning the production of a
serological response to tapeworms in humans and
domegtic animals is conflicting. lany workers
have attempted to demonstrate such ghesponse in
infested humans and animals using the various
serological tests, Precipitin antiboqy was
demonstrated in humans infested with Diph bothr

reported positive results with the complement

fixation test in persons infested with Taenia

falled to induce antibedy formation, while heavily
af'fected animals did show complement fixation
antibody fermation, (Weinberg and Parvu,1908a).
Kolmer, Tricst and Heist (1916) and Ravetta (1937)
reported positive complement fixation with the sera
of dogs infested with tapeworms, and Jerlov (1919)
reported similar results in humans infested with
Dslatum, Busson (1911), Voille and Saint Rat (1919),
Becker (1922), Le Bas (1924), Sievers (1935) and
Deschiens and Renaudet (1941) obtained only iselated
instances of complement fixation antibedy formation
in the sera of humans and animals infested with
tapeworms.

Antibodies to tapeworm infestations in




laboratory animals have been demonstrated by Hearin
(1941) and Larsh (1942; 19;3). These authors were
able to show that infection of mice with the dwarf
tapeworm Hymenelepis nana var, fraterna produced

a high degree of immunity. This immunity was.
humeural in character, being passively transferable
to nermal animals. The immunity was pocsessed by
young bern and nursed by infested methers and was
demonstrable in the serum of mice by the precipitin,
agglutination and cemplement fixatien tests,
(Larsh, 1943)., These antibedy respenses were
produced by the cysticerceld stage alene in natural
infestation, but artificial immunisation by
vaceination with the tapewerm materials afforded
partial preotection from infestation (Larsh, 1943).
ét is notewerthy that a clesely related tapeweorm,
Hymenelepis diminuta, which dees not migrate inte
the villi of the intestine, dees net preduce this
marked antibedy respense (Chandler, 1940).
Hypersensitivity to tapewerm infestation
was noted by Ramsdell (1927) who stated that such
hypersensitivity persisted for as long as six years
after removal of the tapeworms, Brunner (1928)
obtained immedlate skin reactions when persens
infested with Taenia saginata or D,latum were
subjected te intradermal teste with tapeworm
material. These reactions were stated te de

specifiec. Turner, Dennis and Berberian (1935),

l
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however, demenstrated that degs infested with the
tapeworm Echinececcus granulesug 4id net respend
regularly to the intradermal injection ef tspewerm
materials, |

Successful artificial immunity against
E.granulesug infestation was produced by Turner,
Berberian and Dennis (1933; 1936) who immunised dogs
with hydatid cyst material prbr to infestation with |
hydatid scolices.

Intermediaste stages of Tapeweorms.

Echinecececal ngggtid} Cysts.

Studies on the serelogical respense to

hydatid infestation were initiated by CGhedini (1906)
who deseribed the complement fixation reactien in
persens infested with the cyst. Jeest (1907)
failed to deteet precipitin antibedies in the sera

of rabbits infested with the cyst or immunised with
cyst material. He concluded that the hydatid fluid
was net antigenic and ineapable of causing antibedy!
formation. Pleipg and Lisbenne (1908) hewever
demonstrated precipitin antibedies in the serum of
a patient infested with hydatid cysts.

Following the early werk on the aerelegicgl
respense to hydatid disease, Weinberg (19092, b)
and ce-workers clarified and estsblished suitable
serolegical technigues for the diagnesis of hydatid
infestation, Thus Weinberg and Parvu (1908b, ¢)




reported complement fixafian antibodies in the sera?
of humane and sheep infested with hydatids. The
tests were specific, Sheep free from hydatid
disease failed to resct te the test. In humans
the antibedies were found teo pefaist some months
after operative remeval of cysts, Weinberg and
Boidin (1909) found that complement fixation
antibodies were not correlated with the degree of
eosinophilia and Weinberg (1909¢) stated that the
degree eof antibody preduction hore no relationship
to the size of the hydatid cyst but had a relation-
ship to the site and the degree of fibreosis of the
adventitia wall,

Humerous ether workers have applied
serological metheds te the diagnesis of hydatid
infestations in humans and animals, In general
the presence of an aetive cyst was asseciated with
the production of antibedies. The rupture of cysts
frequently preduced a2 marked rise in the ameunt of
eirculating antibedy (PFairley, 1922; Grana, 1946
and Pentano, 1941) but suppuration, degeneratien
or calcification resulted in a leoss of antibody
(Pairley, 1922; Botteri, 1922; Deusch, 1925; Never,.
1938 and FBeking, 1937). Removal of cysts by
surgical eoperation resulted in the loss of
eirculating antibedy (Crafia, 1945),

The intradermal hypersensitivity test in

hydatid infestation was intreduced by Casoni (1911),




Rachman and Stevens (1927) confirmed the existence
of a skin sensitivity in persons suffering frem
Echinococcal cysts and determined that this
hypersensitivity could be transferred by means eof
serum te an insensitive individual. Morenas (1929)
reported that operative removal, suppuration or
calcification of cysts resulted in a less eof skin
sensitivity within twe and & half months,

Goodale and Krischner (1930), Hoder (1933)
and Faiguenbaum and Miranda (1949) recorded that the
intradermal reaction was a satisfactory methed for
the diagnosie of hydatid disease in man and animals,
However, Never (1986) found that, in cattle, skin
tests were quite worthless. |

In humans intestinal cestodes and nematodes
were found to sensitise patients' skin thus causing
skin reactions to hydatid material (Fairley,
Fairley and Willisms, 1989; Ninez aend Lepez, 1954;
Reose and Culbertson, 1939 and Culbertson and Rese,
1939, 1941).

The results of various workers show a
variation in the value of the different tests used
for the diagnesis of hydatid infestation in man and
animals viz:-

Complement Pixatien Test.

Worker (s). Percentage of positive
Reactions in infested

Persons and animals.
Ghedini (1906) 92. 0%

L4




Complement Pixastion Test. (Cont.)

Worker (8).

Weinberg et_al (1908a,b,1909,1909a,b,c) 88.91% (Aver

N.H. Fair’ley ( 1922)
Zappeloni (1915)

van der Hoeden (1928a,b,c,1928,1924

1925) 88,18% (Aver
Jthurrat and Calecagne (1922;1923) 88, 7%
Herowitz-Wlassowa (1926) 90.0%
Hercus (1926) 58,0%
Cuff (1930) 100, 0%
Goodale and Krischner (1930) 59.0% (Aver,
Hoder (1933) 90, 0%
Never (1936) 794 0%
Urbain (1936) 68, 5%

Lntradérm&;_neactian.

Worgerggz.

Caseni (1911)
Hercus (1926)

Goedale and Krischner (1930)

Hoder (1933)
Atanassoff (1936)
Grinblatt (1945)
Pontano (1941)

Percenta of gitiv

Reactions in infested
Perseons and animals.

89,05
92, 0%

Pe ent f Pesgitiv

reagtions in infested
persons and enimals,
87,0%
90, 0%
86, 3%
100, 0%
89.6%
100,0%
904 0%

o)

o)




An inerease in the agglutinins and
haemelysine for the erythrocytes (Types A and B)
of man (and alsec for other animals, especially sheep)
in the sera of humans infested with hydatid cysts
follewing repeated intradermal injections of hydatid

fluid was neted by Grana (1942, 1944). This
phenomenen was not observed in non-infested
individuals,

Cyaticerci of Taenéa sggénatg and

Taenia solium.

Antibedies or hypersensitivity fermed
consequent te infestation with Cysticercus cellulosae

or Cysticercus hovis were demonstrable in only a

percentage of cases (Weinberg, 1909b; Chung and

™ Aang, 1039, and Gaehtens, 1941; 1943). Hewever,
other authors, Rethfeld (1935), Trawinski and
Rethfeld (1935), Trawinski (1936; 1947) and Soltys
(19%6) have reported the detection of precipitin
antibedies in humans and swine infested with

C.cellulosae,

Lerval stages of other animal Cestedes.

A well marked antibedy respense te the
somatic forme of dog and cat cestedes has been
demenstrated in lsberatory animals. Henry and
Ciuea (1916) demonstrated the preduction of
circulating and anaphylactic antibedies in the sera

of rabbits following infestation with Multiceps
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serialis. Rats and rabbits, infested with
Cysticercus fascielaris and Cysticercus pisiformis
regpectively, produced antibodies which, by passive
transfer, protected control animals against
infestation, Such antibodies were transmitted
from mother to offspring, and could be produced

by the vacéination of animals with adult tapeworm
materials, (Miller, 1930, 193la,b,c, 1932a,b, 1934,
1935; Miller and CGapdiner, 1932, 1934; Miller and
Maseie, 1932, and Miller and Kerr, 1932).

Campbell (1936a, 1938a,b,c) reported the
occurrence of two forms of antibody in animals
infested with the somatic stages of cestodes, An
"early" immunity antibedy, being protective in
character, was demonstrable within seven days of
infestation. It was also preduced by artificisl
immunisation of animals with the adult and larval

forms of the cesatode, The naturally and artificially

produced "early" antibody could be absorbed in vitre
by adult and larval tissues, A "late" immunity
antibedy appeared several weeks after infestation;
it alse, was pretective in character. The "late"
antibedy preduction was thought to be stimulated by
the antigenic materials synthesised during the
parasitic cyste' metabelism since the antibedy could
not be produced by artificial irmmunisation or be

absorbed in vitre by adult or larval tissces,




Allergic phenomena were neted in rabbits

infested with C.pisiformis by “harton (1931).
Phylum,. Nemathelminthes,
Order, Ascaroidea,

The infestation of experimental animals
with ascarid worms of various species has been
shown to preduce a marked serological response
(Coventry, 1929; Blackie, 1931; Oliver-Gonzéalez,
1943, 1946a; Fallis, 1944; Kozar, 1948, and Sadun,
1949), The formation of precipitin or complement
fixation antibodies coincided with the migration
phase of the parasite and the antibedy titre
reached a maximum during this phase; after
migration was completed the antibedy titres fell te
a low level. The antibedies stimulated by
migration persisted for varying perieds of time
--4 months, (Oliver-Geonzalez, 1943) --8 months
(Coventry, 1929),

The development of hypersensitivity to
experimental Asceris infestation was demonstrated
by Coventry (1929) and Oliver-Gonzalez (1946a),
Skin tests were pesitive many months after the worms
had been eliminated from the hest. Filleborn
(1926) has stated that hypersensitivity to Ascaris
lumbriceides infeatatimn mey persist for at least
four years after the less of the parasite,

Hosts naturally infested with ascarids

have shown a great variatien in their sereological




response. Circulating antibodies in Ascaris
infestation have been detected by the complement
fixation test by Ghedini (1907), Weinberg and Parvu
(1908a), Kolmer, Trist and Heist (1916), Usami and
Kamada (1921) and Isbecque (1924). liila
infestations with Ascaris in horses were not
associated with antibedy formation (Weinbergénd
Parvu, 1908s), Busson (1911) was unable to detect
complement fixing antibedies in the sera of animalsi
and humans infested with A,lumbricoides.

Many authors have shown that humans and
animals may be hypersensitive to ascaris materials
but generally such hypersensitivity could net be
correlated with present infestation with the
parasite, (Weinberg and Julien, 1911; Van Es and
Schalk, 1918; Flilleborn, 19263 Brunner, 1928; .
H8ppli and Vegel, 1927; Wilkening, 1937; and Bﬁrlin:
1946). Other authors, Ransom, Harrison and Couch
(1924) and Franck (1940), have reported that the
skin tests are satisfactory for the diagnesis of
Ascaris infestation, Franck stressing that the
delayed reaction was of diagnestic significance.

Skin tests and precipitin tests carried
out on patients in areas where A.lumbriceides is

very common were pesitive in B0% and 61% of cases

respectively (Coventry and Taliaferro, 1928), but

there was no correlation between the faecal findingﬁ

and the serological findings.




Recently 0liver-Conzalez (1946a) has
demonstrated that infeetion eof rabbits with
A,lumbriceides produced an increase in the titres
of the o€ and /7 isoagglutinine in the sera of such
rabbite, The iseagglutinins found could be
absorbed by parasitic material.

Order. Trichinelleidea.,

The serological response to Trichinells

spiralis infestation has been adequately demonstrate
The infestation of rabb;ts with trichinae preduced
the formation of precipitin and complement fixation
antibedies in their sera (Bachman, 1928a, 1929;
Bachman and Menendez, 1929; Augustine and Theiler,
1932; Trawinski, 1934 and Cena, 193B). These
antibedies were in evidence from the Pifth to the
Twentieth day after infestation and increased
thereafter during the migration and establishment
of the larvae in the muscles. In humans
comparable antibodies persisted for some time after
encystment of the Trichinella larvae, disappearing
ten months (Hunter, 1831) er a year after
infestation (Bachman, 1928e; Gould, 1943).
Circulating antibedies were transmissable
from parent to offspring in rats (Mauss, 1939;
1940a; Gaugusch, 1949) and were capable of causing
precipitates in and around the larvae and adults of
T.spiralis when the parasites were 1lncubated in
immune serum (Oliver-Conzélez, 1940; 1941; Roth,

> d.
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1941; 1945). Mauss (1941b) has shown that the
infectivity of larvae subjected to the actien of
precipitating serum was reduced by 66%.

Oliver-Gonzalez (1941) has demonstrated
a dual antibedy in T.spiralis infestation. An
antibedy against the adult ferm of the parasite
appeared about the Fifteenth day after infestatien,
being highest between the twenty-fifth and thirty-
fifth and disappearing by the fiftieth day. This
antibedy on passive transfer protected against
infestation by the intestinal phase ef Trichinella.
An antibedy against the larval (muscle) form of the
perasite appeared on the thirtieth day after
infestation. This antibody gave little or neo
protection against the intestinal phase of
infestation,

Skin hypersensitivity to I,.spiralis
infestatien in experimental animals was demonstrated
by Bachman (1928b,c). It appeared as early as the
second day after infestation and was characterised
by a delayed type of reaction, Skin hypersensitiv]
to Trichinella infectien in humans and swine has
been established and utilised as a diagnestic test
(Sehwartz and lMcIntesh, 1989; Augustine and Theiler,
1930; 1932; HcCoy and Miller, 1931; Maternowska,
1933; Schmid and Schipull, 1937; Lichterman and
Kleeman, 1939; liaclaught, Deard and Myres, 1941;
Schulz, 1941, and Linneweh and Harmsen, 1943).

!
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Several authers have reported that pigs which showed
ne evidence of infestation reacted to the skin
test (Schwartz, MeIntosh and Mitchell, 1930;

Heathman, 1936; Spindler and Cress, 1939, and
Spindler, Cress and Avery, 1941), The last authors
suggested that such positive reactions may be due

te ingestion ef nen-viable Trichinee, However the

feeding of killed larvae failed to induce such

sensitivity (Could, 1943, snd Avera, Yow, Harrell
and Fowler, 1946). Soon after infestation, skin
hypersensitivity te T.spiralis is of the delayed
(24 hour) type but after a few we€ks the reaction

becomes "immediate" in nature (lMaternowska, 1933;
Spink, 1937; Macllaught, Beard and Myres, 1941 and
Spaeth, 1942), Hypersensitivity may persist for
long periods after infestation has occurred (Spink,
1937). The reaction in humen clinical cases may
persist for three years but in sub-elinical cases

the reaction disappears much earlier (Verren, Drake

and Hawkes, 1940), Geuld (1943) records a falling
incidence of intradermal reasctiens in successive
age decades which is in marked contrast to the
rising incidence of trichinosis in the same age
periods. Gould suggests either that this is due
to a lack of skin response to trichina antigens

in older persons with subelinical trichinesis or
that the skin sensitivity in older persons is net |

retained as long as it is in younger persens with




22, !

subelinical trichinesis.

Trawinski (1935) commented that immunity
to T,spiralis infestation was of an antitoxic
nature. Rats which were infested with one to
three times the lethal dose of larvae withsteed |
the infestation when immune serum was administered |
during the migration peried of the disease.
Previously Plury (1913) iseolated a teoxic principle
from I,spiralis larvae encysted in muscles. When
injeected inte dogs and cats this toxiec principle
caused damage to capillary walls, hyperaemia and
haemorrhages in the internal organs and oedema of
the lungs.

Order. Strongyleidea
Family. Strongylidae. i

Kvidence was preduced by Sarles and
Taliaferro (1936) and Taliaferro and Sarles (1939)
that pretective antibodies were produced following
infestation of rats with Nippoestrengylus muris.
The antibedy was passively transferable. When
Nemupris larvae were placed in immune serum,
precipitates were rérmed in and around the larvae,
The antibedy responsible was develeoped during the
second week of infestatioen (Sarles, 1938),

Chandler (1935) was unable to transfer
immunity to Nippestrongylus infestatien either by
passive transfer of serum or by active transfer of

serum carried out by means of parabiotic twins.
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Later, Chandler (1939) expressed the opinion that ‘
immunity to intestinal parasites consisted of two :

phases; a parenteral immunity preduced by migratio

e — .- 1

and mucesal burroewing of immature forms and a leocal
intestinal immunity stimulated by the metabolic
preducts of the adult parasites.

Family. Ancylostomidae.
Protective antibeodies in heokworm
infestation have been demonstrated by Kerr (1938a),

and Otte (1939, 1940). The antibedles were shown |
to bear a direct relationship to the number of
larvae administered (Otte, 1941) and their fermatia+
coincided with the attack on the intestinal mucosa |
by the parasite (Sprent, 1946). Serum from
infested hosts protected contrel animals against
infection by the parasite (Kerr, 1938a). Stumberg
-(1930), however, was unsble to demonstrate comple-
ment fixation antibodies in the sera of dogs infestrd
with Ancylestems caninum.

When Ancylostoma larvae were incubated

in serum frem an infested animal, circumlarval
precipitates were demonstrable around the larvae
after five hours' incubation. One hour's
incubation was sufficient to impair by 665 the |
infectivity of the larvae (Otto, 1939; 1940). A }
similar reaction was demenstrated with the larvae

of Necator americanus and the sera from infested

animals (Otte, Schugam and Greover, 1942).




|

|

|
Hypersensitivity te hookwerm infestation E
has been demonstrated by Stumberg and Redriguez-
Melina (1931) and Sprent (1946). In areas where
Ancylostomiasis is prevalent, hewever, no definite
relationship was found te exist between infestation
and the occurrence of skin reactions (Stumberg and
Redriguez-nolina.’lgal). These authors alse
indicated that fellowing the successful treatment
of Ancylostomiasis there was & decline in the skin
sensitivity.

Family. Trichostrongylidae and
Hetastrongylidae.

In intestinal helminth infestatien, due |
to Haemenchus and Trichestrongylus species, there |
was a definite complement fixation antibedy response
asseciated mainly with the mucosal invasion by the
larvae but in the case of Trichestrengyles it was
alse asseciated with infestation by the adult worms.
Reinfestation of sheep with infective larvae
preduced a sharp rise in the antibedy titre, but a
decline in the complement fixation antibody was

neted after larval migration had been ceompleted.
The antibedy titre in grazing snimals varied

inversely with the faecal egg count (Stewart, 1948,!

1950a,b,c,d,)s Hawkins and Cole (1945) and
Pilmer (1947) demonstrated that the sera of sheep
which had undergone natural infestation with

Trichestrongylus spp. caused precipitates around
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the exsheathed larvae of these species.

A hypersensitive state appeared to exist
in infestations of Trichoestrengylidae worms and
could be demonstrated by intradermal tests (Stoll
and Nelson, 1930 and Kheleshcanev, 1950).

' A limited serelegical respense to
Dictyecaulus s infestation in cattle and sheep
has been demonstrated by Hudsen (1951) using the
complement fixatien and intradermal tests. This
response was most marked on reinfestation. The
period during which the hypersensitive response wes

evident was limited.

Order. Filaroidea. |
Precipitin and complement fixatien
antibodies and hypersensitive skin reactions have
been demonstrated during the course of filarial

diseases (Redhain and Dubeis, 1932; Bezicevich and

Hutter, 1944; Oliver-Genzalez and Bercovitz, 1944 |
and Bezicevich, Denevan, Mazzotti, Diaz and 1
Padilla, 1947), Fairley (1931b, 1932) has reported
that the complement fixation test in Filariasis
afforded an index teo the more active infestation.
Stefanepoule and Daniaud (1940) reperted that
complement fixatioen antibedies in filariasis
disappeared in from five teo eight menths after cure
while the skin reactien persisted for a much longer
peried.

Franks (1946) who passively sensitised




normal persons with the sera of filarial patients
was able, by this methed, to demonstrate the
presence of two antibedies in the sera of filarial
patients, One antibedy reacted specifically with
microfilarise and the other with the adult filarid.
This auther also determined the presence of a
circulating seluble filarial antigen in the sera
of humans suffering from micrefilaraemia. The
amount of circulating antigen appeared as a tide
whose ebb and flow were related inversely teo tﬁe

ceoncentration of microfilariae in the circulation.
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Summary of the Serological Response to Helminth |

! Infestation.
’ Circulating antibedies and hypersensitivity

occurring in helminth infestations are, in general,
similar to these occurring in bacterial diseases,
Helminths differ from bacteria in that they do not |
generally propagate themselves in the hest. |
Consequently, within limits, the degree of the
immune response will parallel the intensity of the

infestation.

The preduction of antibodies in helminth |
infestation appears to follew one of, or a combin-
ation of, two main precesses, Viz.

a, The migratien of immature (or
occasionally mature) forms threugh
the tissues of the hest.

b. The abserption of antigenic materials

by the host from active eor

degenerating parasites residing in thei

somatic tissues of the host, ?
Antibody preoduction associated with the |
migration of immature forme through the tissues
of the host is limited te the migratory phase of
the parasite's life cycle, The antibedies
disappear shortly after the migration has been
completed. This has been demonstrated in Ascaris

(Blackie, 1931) Haemenchus (Stewart, 1950b) and

Ascaridea infestation (Sadun,1949). Even where
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the adult parasite is sematic (e,z. Schistosomes) ‘
the initial invasion of immature forms is respensible
for the greatest stimulation of antibedy (Pairley |
and Jasudason, 1930).
The agencies concerned in the stimulation
of antibedies by migrating ferms have not been ‘
clearly determined. Dried and powdered parasites

elicit an antibedy preduction when administered _
parenéglly (Kerr, 1938b; Oliver-Gonzéiez, 1943) andi
such antibodies protect against subsequent !
infestation. The abeorption by the host of antigens
from the body tissues of the parasite is therefore

an established mechanism in the stimulation of
antibedies: Oliver-Conzélez (1941) has suggested
that the active synthesis of antigens by the

metabolism of the immature parasites is an important

factor in the stimulation ef antibedy preductien.
He also suggested that the migration of immature
forms threugh different tissues may produce a |
variatien in the character of the antibedies produckd,
ewing to the difference enzymes elaborated by the
parasite for the digestion of various tissues,

 Antibedies preduced by the migration of immature

forms through the tissues caused the formatioen of
precipitates in and around the larvae in vitre
(Mauss, 1940b; Oliver~Conzalez, 1940, 1943; Reth, |
1941, 1945; Sarles and Taliaferro, 1936), while

larval precipiates have been observed histelogically




| parasites has been shown te be asseciated with the

' (1933) has demonstrated a comparable antigen in the

' sera of sheep infested with llaemenchus contertus.

in the livers and lungs of resistant animals (Sarles
and Taliaferre, 1936).

Non-migrating bewel parasites, such as
the majority of tapewerms, elicit little er neo
antibedy response. In contrast, the tapeworm
Hymenelepis nana var, fraterna provokes a marked
antibody respense asseciated solely with the

invasion of the host's villi by the cysticercoid
stage (Hearin, 1941; Larsh, 1942). It is prebable
that purely intestinal parasites sre unable teo
induce any great degree of antibedy formation as they
de net come inte intimate contact with the hest's
tissues and as a result little or ne antigenic
material reaches the hest's circulation. Invasion

of the hest tissue (bewel epithelium) by migrating

appearance of antigen in the bleed stream, Thus
Bezicevich and Detre (1940) reported the presence
of T.spiralis antigen in the bloed of rabbits
shertly after they were fed Trichinella larvae,

Serum centaining this antigen was capable of preducing

antibodies againet T.spiralis when injected inteo i
nermal rabbits, The authors considered that the
antigen was the initiater of the subseguent antibedy

response in T.spiralis infested animals. Stumberg
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bs The gbsorption of antigenic materials
from parésitea residing in the aomatiL
tissues,

In many cases (intermediate 'Btages of |
cestodes) it would appear that antibedy stimulation ;
is associated solely with the absorption of antigenic
materials present in the bedy of the parasite, as
opposed to the syntheeis of antigens by metabelism.
Conditions whiech interfere with the permeability of :
the helminth limiting membrance (fibresis,
caleification ete.) cause a loss in eireulating |
antibedies (Weinberg, 1909¢), while exceas
liveration of antigenic material (rupture of cysts)
produces a sharp rise in antibedy preductien,

(Pairley, 1922).

In other ceses, however, it has been
demonatrated that sematic forms preduce antibedies
asseciated with the metabolism and grewfh ef the
parasite, These antibodies, which are not abaerbedl
by dried parasitic material, are distinct from
antibedies produced by the invasion eof the 1ﬁmature
forms or antibedies produced by vaccination with

parasitic material, (Campbell, 1938a,b,c). '

When the paraesites recide in the blood or
lymphoid tissuee of the hest (Schistesemes and
Filarial worms) the active metabolism of the parasit

contributes greatly to the stimulation of antibediesL

(Fairley, 1931b, 1932; Stephanopeule and Daniaud,



1940), Disintegration of dead forms may maintain
antibody production for seme time after cure,
(Pairley and Jasudasen, 1930), The daily liberatieﬁ
of immature forms inte the bloed stream (Filarial
worms) maintains the antibedy respense in infested
hests (Culbertson, 1941). In such helminth diseases
where immature forms are liberated into the bleed
twe distinet antibedies can be demonstrated, ohe
ageingt the adult andéd one against the immature form;
in addition ceirculating antigen may be present with
circulating immature parasites, (Frankes, 1946).

Hypersensitivity has been demenstrated in
the majority eof helminth diseases were tissue

invasion occurs. This hypersensitivity differs frem
bacterial hypersensitivity in that when established i
it is usually manifested by an immediate skin
reaction, which is in contrast to the delayed

(24 hours) skin reaction of bacterial hyperaensitivi#y
(Boyd, 1946). It differs from the tuberculin type
of hypersensitivity in that it is passively
transferable by serum te the skin of nermsl |

individuals (Prausnitz Klstner, 1921, reaction).
The hypersensitivity is preduced at the_s&me time as%
the circulating antibodies demenstrated by in vitre
tests but persists for a much longer peried than theFe
antibodies, sometimes for many years after eliminati%n
of the causal parasite (Pllleborn, 1926).

|
|

Hypersensitivity appears to be very pronounced in thp
|
|
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tissues through which the immature forms have
miérated. Thus Taliaferro and Sarles (1939)
demonstrated histologically that on reinfestation
with N.muris the livers and lungs of rats underwent
marked reactions which were attributed to
Hypersensitiveness.

Antibedies induced by helminthiasis are

|
similar to other antibedies in that they reside in ‘

the glebulin portion of the serum (Mauss, 1940ec,
1941), [Electrophoretic mobility studies have ahawni
that there is an increase in the preportion of gammai
glebulin in the sera of animals developing antibodies
against helminth parasites, thue apparently comparing
with formatien of antibedies in bacterial and viral
infectiens (wiight and Oliver-Gonzalez, 1943),

Antitoxins which eccur to a great extent

in bacterial disease, have not been demonstrated

te any extent in helminth infestations. Trawinski ;
(1935), hewever, has reperted the develepment ef
antitexins in T,spiralis infestatien,
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Summary of the observations carried out

in the present work.

The present work wae carried out at the

Edinburgh Cerporation Abatteir. The abattoir
facilities alleoewed & large number of animals to be
used in the various tests and in addition it was i
possible to carry out a relatively detailed pest
mortem examination on all the animals used,

It was considered that such facilities i
afforded an excellent opportunity te correlate
seroleogical findinga with post mortem evidence of
parasitic infestation,since the lack of pest mortem
examinations has been a feature of many previous |
studies of the serolegical response tc helminth
infestation,

A study has been made of the circulating
antibodies and the skin hypersensitivity existing in
domestic animals as a result of natural infestation
by helminth papasitea. The parasites chesen for
the study are the commenly ocecurring representativesl
of the various bioleogical classes and orders which |
are of economic or public health impertance in Great
Britain.

The parasites chesen are presented below,

Class. Trematoda.

|
Fasciols hepastica (Commen liver }
fluke of sheep and cattle)
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Class. Cestoeda,

Cysticercus bevis. (Intermediate
stage of Taenia saginata)

Class, Nematoda,

Order. Ascaroidea.

Ascaris lumbricoides. (Round worm of r
pigs)

Order. Strongyvloeidea,

Dictyecaulus viviparus. (Lung werm of |

Cattle)
Order. Trichinelleoideea.

Trichinells spiralis (Muscle parasite

of man, swine and rats)




Part IL.
Fasciela hepatica.

Katerials and Methods.

Precipitation Reaction.

Preeipitin reactions were carried out

with great success by Trawinski (1937) whe utilised

a saline extract of the dried and pewdered
F.hepatica. The successful use of this antigen was
further demonstrated by Szaflarski (1946)., The
antigen used by Hoffman and Rivera (1929), which
consisted of saline extracts of the ether or alcohel
insoluble portiens of F.hepatica, proved less
satisfactory for the precipitin reaction.

In the present examination, the antigen
used was prepared according to the methed described
by Trawinski (1937). Mature flukes, obtained from
the bile ducts of infested sheep, were washed in
running water and were then cut inte four portions
by twe incisions at right angles, and the caecal
contents allowed to escape. Fellewing further
washing the portions were then placed in a sterile
petri dish and dried in an incubater at 37°C for
four days. Subseguently the dried residue was
ground to a fine powder in a sterile mortar; the
powder was then suspended in sterile saline (0.85%
Na C1 in distilled water) in the preportiens 1 gram
of power te 100c.c., of saline and the suspension was

extracted at 4°C fer ten days, the mixture being




36,

shaken at freqguent intervals. After extraction the
suspension was filtebed through filter paper and the
resulting solution was centrifuged at a speed of
3,000 r.p.ms for half an hour. The supernatant
fluid was then heated in a water bath at 55°C for
46 minutes, The final seolution was stered in the
frozen state at -10°9C,

A non-gpecific, non-~helminth solution was
utilised in the precipitin test in erder to detect
non-specific precipitin resctions which might eccur,
This consisted of a 1% selution of peptone which was
sterilised and stored similarly to the F.hepatica
extract.

The sera used in the test were obtained
from bleood drawn from the venticles of the heart of
selected sheep immediately after slaughter, The
sera was allowed telaeparate off overnight and before
use were centrifuged. The majority ef the sheep

selected for examination were lambsg. The reason feor

this selection was to ensure that the animals examinTi
had been exposed to one season's infestation only
and the 1ﬁfestatiens found were probably the initial
infestation with F,hepatics. |
Por the test the individual sers were
placed at the bottom of narrow tubes (5x32mm) and
the antigenic solution in variocus dilutions was
carefully iayered over the pgerum, by means of a

finely drawn pipette, so as to produce a clear line
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of demarcation between the two fluids, The tubes

were then incubated as stated belew. After
incubation the tubes were examined for the presence i
| of a fine white ring ef precipitate at the 1nterfacei
of the two fluids, This reaction was considered as!
a positive reaction and the degree of reaction was i
estimated according to the density of the ring of
preeipitéte.

Samples of the antigenic solution were
diluted with saline from the initial dilution of
1-100 by doubling dilutions te 14600 and each
diluted sample was incubated with undiluted serum,
| Each sample of serum was tested with similar
dilutions of the peptone solution and with the
diluting saline.

Initially the tubes were incubated for
25 minutes at 37°C and subsequently at room
temperature for 20 minutes, according to the methed
of Trawinski, (1937). However with this incubation

precipitin formation occurred in several of the

tubes containing peptone solution. Other non=-
specific or "anomalous" reactions were observed in ;
the tubes containing the specific an@igen and centro#
solution incubated in this manner. Such reactions |
have been noted in the precipitin test in
Trichinellosis, (Bachman, Redriguez-lMolina and
Oliver~Gonzalez, 1934). These authors noted that




-/ in man and animals has met with varying results.
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with the sera of non-trichinous patients and variausé
helminths proteins a percentage (4.8%) of "anomaleuar
precipitin reactions occurred. This reaction,
which has also been deseribed by Augustine and
Theiler (1932), is characterised by the formatien
of a broad, light brown haze eor zene at the interfacé
ef the serum and the test antigen. This is readily;
distinguished from the sharply defined narrew zone
of precipitate evident in the true pesitive i
reactions, These "anemalous" zones were observed |
in the higher dilutions of the test antigen, but
only rarely in the lewer dilutions, Any sera which|
chowed any evidence of these reactions were discardeﬁ
as unsuitable, |
It was found that incubatien at roem
temperature for one hour eliminated precipitin
formation in the peptone solution and greatly f
reduced the number of sera shewing "anomalous™

reactions, Consequently in the majority of the

precipitin tests the tubes were incubated at room

temperature before reading.

The Complement Pixstion Reaction.

The use of the complement Fixation
reaction for the disgnosis of F,hepatica infestations

The meost satisfactory results were obtained by

Fairley and Willisms (1923) who utilised an aleoholie

extract of fresh liver flukes as antigen, and by
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wagner (1935) and Levier and Stephanepoule (1944)
whe utilised an alcoheolic extract of dried and
powdered parasites, Earlier workers, Paccanare
(1909) and Weinberg (1909b) utilised saline extracts|.
of P,hepatica, ebtaining variable results. However :
Bussen (1911) and Meyer (1913) demenstrated that
aleohelic extracts of parasites were superior to the
saline extracts for the complement fixation test and
since then alecoholic extracts have been generally
used,

In this examination alcoholic extracts

of the liver fluke were utilised since they had
proved mere satisfactery than the saline extracts in|
the hands of other workers. However a small number 5
of tests was carried out with a saline extract to E
determine what degree of fixation occurred with this|
extract, The alcoholic antigen was prepared after i
the methed described by Yagner (1935)., lHature |
liver flukes were obtained from the livers of i
infested sheep and were washed, dried in an incubatef
at 379C forfour days and were then reduced te a
powder in a mertar, The powder was then extracted

| in the preoportions of 1-20 with absolute alecohol forl
four days at 37°C. After filtration the extract |
was evaporated and the subsequent residue was

suspended in saline in the proportion of 1-6. This

antigenic material was examined for anticomplementary

activity., It was found that the 1-5 dilution of




suspension in saline possessed an anticemplementary

action of 1 KHinimal Haemolytic Dese of complement,

When the 1-56 dilution was diluted with an equal volu&e

of saline ne antidomplementary aetion was noted;

censequently this dilution was utilised in the test.
Ag Pairley and Williams (1923) have

obtained very geood results with an alceholic extract
of fresh flukes, an extract was prepared as describe
by these authors. This censisted of a 10% aluoholici
extract of fresh mature liver flukes which were
ground with fine sand and alcehol and extracted for |
48 nours at 37°%C. The extract was then remeved |
by filtratien and subsequently diluted te 1 in 10 i
with saline. This final solution possessed no !
anticomplementary action and was utilised as prepare$
for the part of the examination which was carried ou
as described by Fairley and Williams (1923).

The saline extract used was a 1:100 salin
extract of dried and powdered liver fluke, prepared
as was the antigen for the precipitin reaction. |

As 1t was thought that results obtained
in preliminary tests were non-specific in character,
& non=-specific antigen was prepared and used in ,
cenjunction with the tests with the speeific antigen,
This non-specific antigen was an alcoheolic extract
of sheep heart prepared similarly to the Wasserman

antigen but without the additien of chelesterel.
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The sera were obtained from the heart blood of

'selected sheep after slaughter. The sheep selected |
were lambs, thus ensuring that the animals had been ‘
exposed to only one season's infestatien with
F,hepatica and were probably undergoing initial
infestation. The sera were allowed to separate off
overnight and prier te use in the test were
inactivated at 55°C for 30 minutes, The sera were
examined for anticemplementary action and it was ‘
found that a dilution of 1 in 5 in saline frequently'
' produced a slight anticemplementary action, while !
a dilution ef 1 in 10 eof the sera gave no anticom-
plementary action. This latter dilutien was used !
in the test.

Complement (Preserved guinea pig serum)
and anti-sheep~blood-cells haemelytic serum were
obtained from Burroughs Wellcome and Co. The
minimal haemelytic dose of each reagent was j
détermined daily prior to each set of examinations

being carried out. A 3% suspension of washed sheep

cells (R.B.C,8) was made up daily for use in the test.
For the test the haemolytic system consisted of 0.53$
of each of the 37 R.B.Ci¢ suspension and the
haemolytic serum (Diluted to 1:500 with saline, |
representing 10 M,H.D. per lece). The haemolytic

system was incubated at 37°C for 30 minutes prier |
to being added to the other reagents of the test.

The test, using the methed of equal



volumes of reagents was carried out as indicated in

the table below:-

Test Proper. Complement Centrol.
Tubes. Tubes,
1.. 26 5. 40 1. 2.
| Saline. - - - - lce. lce.

Antigen 0.5cc.0.5cc.0,5ce,0.65¢ces - -
(1:2)
Serum 0¢5cc.0.5cc,0.5cc.0.5¢cc, = -
(1:10)

Complement 1MHD SMHD J3MHD 4KHD *1MHD SUMHD
(Contained in O.5cc of saline)

After incubation for 1 hour at 37°C in a
water bath lec of the prepared haemolytic
system was added to each tube, The tubeé were
then incubated for a further 30 mins, when the

degree of haemolysis was ascertained.

Serum Centrel, Antigen Centrol.

Tubes. Tubes,

1. 2. 1. 2.
Saline. 0‘. BCCQ 0. 5ce. Oo bec. 0.bce.
Antigen., - - Osbces  0O.5cc.
(1: 8)
Serumo 0. Bce. 0- bee, - -
(1:10)
Complement. 1MHD, 2MHD 1MHD, 2MHD,

(Contained in 0.5ce of Saline)

After incubation for ene hour the haemoly!

system was added and the tubes were incubated
for a further 30 mins. when the degree of

haemolysis was ascertained.

|
|
|
]
|

tie
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In order te examine the results reported
| by FPairley and Williams (1923) the complement

fixation test %aa carried out by their methed using
the alcoholic extract of fresh liver fluke diluted
| 1l : 10 in saline as ihdicated below, . i

Reagents, Tubes. : - ‘
1. 2. 3. 4. 5. |
Antigen (1:10) O.Bee O.5eec O.Bce O.,Bce -
Serum (Inacfivated) 0;5cc 0.5¢ce .O.Ecc - 0. :c
(1 -'5) "

Complement (0.,02ce=1MHD) ‘
0.06cec 0,09ce 0.12cec 0.02cec 0,02¢c
S8aline. - - - 0. 5ec 0.5$c
After 1 hour's incubation at 37°C lecc of j
the prepared haemolytic system was added and thé
whele incubated for a further 3C mins. when the

degree of haemeolysis was ascertained.

The Actien of Serum on the Miracidia of the Liver
Fluke.

Eggs of F,hepatica were collected from
the gall bladder of infested sheep, the eggs were
centrifuged frem the bile at low speed and were then‘
well washed in raiﬁ water, The eggs thus cellected
were placed in & large petri dish and incubated at |
27% for 14 days in the dark. Daily the culture
was aerated by means of a large pipette. When the |
- miracidia were required the plate was exposed to thei
daylight. The miracidia hatched and being phote-

trephic were attracted in large numbers te the side !



of the petri dish near the 1light. This made it
easy to pipette off the miracidia into a test tube. |

In the test a suspension of 15,000

| miracidia per lcc of distilled water was used

(saline caused immeobilisation and death of the
miracidia)., Counting was carried out by diluting |
a sample of the suspension 1 to 10 with distilled |
water, adding a drop of ceoncentrated HCl te kill ‘
the miracidia and then the dead forms were counted i
in the chamber of the Maclaster slide, According |
to the numbers in the suspension it was adjusted to
contain the required number. For the test proeper
0. 5cc of the suspension was used.

Complement was ebtained frem Burroughs

Wellcome and Co. (M.I,D, = 0,02cc)., For the praaen#

- |
| test this was diluted arbitrarily te 1:10 with saline

and O.lce of this solution was used in the test.

Sera used in the test were collected fromi
the heart blood of selected sheep immediately after ‘
slaughter, The sera were diluted by deubling |
dilutions in distilled water from 1:10 to any diluti%n
required. In the test 0.5cec of each dilution of ?
serum was used.

As it was thought that the cencentration |
of proteins or allied substances might have an effec#

on the miracidia, solutiens of egg white and peptone

were used instead of the serum in some tests. The

egg white was diluted with distilled water by
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deubling dilutiens frem 1:10 to 1:320. The peptone
. utilised was commercial peptone and was used in |
| concentrations ef from 107 falling te 0,625% by !
doubling dilutions with distilled water. |
 Two control Tubes were put up in all i
tests, one control consisting ef distilled water, in
place of the serum, but with complement, the other |
contrel tube containing neither serum ner ccmplement|
and serving as a contrel en the viability of the
miracidia. - |
The test was performed in a series of
2ce test tubes, each tube containing the resgents as;
indicated beleow, After all the reagents had been
placed in the tubes, the tubes were incubsted at
87°C in a water bath for 15 minutes. After this
time the tubes were rapidly examined under the low
power of a micrescepe and the degree of lethal effeci
of the serum determined, The feollowing stages in E
lethal effect were recognised:« 5
Negative ... Miracidia net affected
+ «ss Slight effect; miracidia |
slowed down, some defermity,
but all still metile.
++ eee Majority eof miracidia
meribund and lying at the
bottem of the tube; a few
still motile but shewing

deformity and "tall" precipitates.
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44 «ee All the miracidia meribund
and lying at the bottem of
tube; amoeboid shaped and
scarcely recognisable as
miracidia, |

The ++ stage was taken as the end point in the
reactien,
Arraﬁgement Of Test.
Reagents. Test Proper.
Tubes.
1. 2. 3. 4. 5, G
Dilutiens of
Serum. 1:10 1:20 1:40 1:80 1:160 1:320
Serum. O0,5e¢c 0.5¢cc 0.5ce O.5ee 0.Bec O,5ce

Complement
(Diluted 1:10) O,lece O,1lce O.lce O,lce O.lee O,lee

Suspension eof
Mirscidia (15000/cec)
0. bce 0.503 0, bee 0,5¢ce 0.506 0.50‘!

Tubes incubated for 15 minutes at 37€C

Reagents. Complement Ceontrel. Agueous Centrel.

Tubes. Tubes.

1, 1,

Complement (1:10) O.lee -
Distilled Water, 0. 5ece O.6ce

Suspension of Miracidia
(15000/ce) 0. Bec 0. 5¢ce
Tubes incubated for 15 minutes at 37°C

the




i
|

| two antigenic substances existed in extracts of

. compenent respensible for the miracidal action was

In order te determine whether the serum

thermo-labile, sheep serum was heated at 56°C for 30
minutes and was then e xamined for lethal aetion,
Heated and unheated cemplement were added to this !
inactivated serum in erder te determine whether |
inactivation of serum alene preoduced a loss of !
lethal action.
The Intradermal Test. i
Satisfactery skin tests for the diagnosis%
of F.hepatica infestations have been earried out by |
many workers, A saline extract of the dried and ‘
powdered adult F.hepatica has been most frequently !
satisfactorily used as antigen. (Wagner, 1935;
Mazzotti, 1942, 1948; lorenas, 1945a,b, 1944; Lavier!

and Stephanopoule, 1944; Szaflarski, 1950; Sebiech,

1951). However, saline extracts of the lipeid free!
P.hepatica material have been used in some instanceaé
with goed results, (Sievers and Cyarzun, 1932; Aygun'
and Baskaya, 1939). Kellaway (1928) determined that,
|
F.hepatica, One, present in the saline extract,

showed decreasing solubility in increasing strengtha;
of alcohel and was in nature a true anaphylactic

antigen, This antigen was heat stable and protein |

in nature., The other substance, probebly a lipin,

. was soluble in absolute alcohel and did not paaaesal

anaphylactic preperties.



| by Dennis (1937) for the preparation of such a

e i
|
|
|

In this examination a saline extract of
&ried and powdered F.hepatica was used being prepare#
as was the saline extract for the precipitin test !
after the methed described by Trawinski (1937). The
antigen was used in the strength of 1:100 (original ‘
strength of the extract) er in the strength of i
1:1000. The 1:100 dilution was used in the majorit&

of the tests in cattle as Szaflarski (1950) has

|

reported excellent results using this dilutien,
However, Mazzotti (1948, 1951) has stated that high !
dilutiens of F,hepatica extract were as satisfactory
as lewer dilutiens feor the intradermal test in
humans. Congequently a series of tests was carried
out in cattle using a dilutien of 1:1000. Wagner
(1935) utilised a dilution of 1:1000 of the saline

extract for intradermal tests in sheep with
satisfactory results. This dilution was used for |
the skin test in sheep.

An attempt was made te produce a more
purified form of antigen for the skin test in cattle
and thererore a purified pretein of F.hepatica was
prepared and employed. ! ‘

The purified protein component of

P.hepatica was prepared according te the methed used

pretein freom hydatid fluid. Mature flukes were

obtained frem the bile ducts of infested sheep and

after washing they were frozen overnight at -10°C,



The brittle frezen flukes were then ground te a
smoeth paste in a mertar, this paste being diluted
te ten times its own veolume with distilled water.

To this suspension was added frichloracetic acid |
to give a concentration of 5%. Thies mixture was
placed in a refrigerator at 4°C for 12 hours. Afterl
this time flecculation was complete and the
precipitate was collected by means of a centrifuge.

This was washed three times in distilled water to

remove excess acid. The precipitate was then
suspended in 50ce of water and 10% NaCH was added
drop by drop with constant agitation until solution
had been completed. Any inseluble residue was l
removed by centrifuging and the clear supernatant
fluid was chilled and subjected to reprecipitatioen ;
by 1/N glacial acetic acid until precipitation was
complete, After standing for 12 hours at 4°C the |
precipitate was recovered by centrifuging; it was }
washed free of acid by distilled water and was then
dried in an incubater at 37°C. The dried powder wa%
ground in & mortar and disselved in slightly alkaliqe
saline in propertions eof 1:1000. The solution was |
centrifuged to remove any insoluble matter and it ‘
was then sterilised at 55°C for 46 minutes in a i

|

water dbath, The yield or dried purified protein |
from 10 grams of fresh F,hepatica was 200 milligrems.
A 1% solution of peptone was used as a |

contrel solutien in all tests to ascertain the




it was found that the reactions produced by the

- They indicate that the C.,bevis antigen reacted in a

50,

 degree of skin reactivity, if any, to simple trauma |

or the presence of foreign substances.

In several cattle (13) a saline extract
of hydatid scelices and membranes was used in
addition teo the peptene control solution. The

hydatid extract was prepared in a similar manner to

the F,hepatica extract and was used in a dilutien of
1-100, This hydatid extract was used to determine |
the relative specificity of the reactions in cattle
to the Fasciela antigen.

Intradermal tests with extracts of
Dictyecaulus viviparus (Reported in Part V) were
frequently carried out in cattle in conjunction with
the tests with Fasciola antigen. Theugh these

intradermal 1njectiona constituted a separate study,

|
|
|
|
|
|
|

Deviviparus antigen were independent eof sensitisation
by P.hepatica, since reactions occurring to either
antigen showed ne constant relationship.

Intradermal tests with an extract of
Cysticercus bovis were also carried out in cattle in
crnjunction with tests with P.hepatica antigen. The

resulte of these tests are presented in part III.

menner similar to the Fshepaticaantigen.
All the antigens prepared and sterilised

abeve were passed through a "pyrex" micre filter

and subsequently placed in small 1 cc bettles with |



| rubber stoppers and the solutions were then stored

| a "Record" type dental syringe with a graduated

' O.lec amounts, st the selected sites, The site in

| the right hind leg. This site was clipped free of

| approximately the middle third of the neck on a line

' was then made. The subseguent reaction was observed

51.

in the frozen state at -10°C, A

The intradermal injections were rade with

plunger shaft so that a regulated amount of iluid
could be delivcred. Separate syringec were used
for the different antigenic solutions and the ayring&a
were cleaned and sterilised after use daily.

- Injections were made intradermally, in

the sheep was the wool-free area on the inside of

hair if necessary and cleaned with saline prior te |
injeetion, The injection sites were marked with an |
indelible pencil, the sites of the test and centreol
injections being at least three inches apart.

The site in cattle was the skin at

parallel to the spine of the scapula. The sites to
be injected, four inches apart, were clipped free of
hair and the thickness of the fold eof skin at the
site measured by means of callipers and recorded.

The injectien of the antigenic or control selution

after 4 hours and the thickness of the skin fold
again measured and recorded,
Desensitisation injections of antigenic

solutions were given intradermally inte the skin ef




the neck, In order to detect local skin
desensitisation the same site was subjected to
reinjection with O.lcc. of antigen solutien three
times at intervals of 24 hours. The reaction was

measured in each case four hours later. In erdepr

to induce generalised desensitisation 3ec of the
antigen solution were injected intradermally on one |
side of the neck and 24 hours later the usual
intradermal test was carried out on the epporsite
side of the neck.

Experiments in pacsive transfer of skin
sensitivity by means of serum (Prausnitz Kistner
reaction) were carried out as follows. Serum was
obtained from the heart bleed of animals which had
shewn & marked reactien teo the intradermal test or
had failed to react. This serum was injected
intradermally in lec smeunts inte the skin of the |
neck of non-reacting animals. The site of the |
injection was marked by an indelible pencil. Twenty
four hours latér the same site was measured by ’
callipers and injected with O.lce of the antigenice
material and the subsequent reaction was measured
four hours later,

Reaetio

After injection of the antigenic meterial
the site was marked with a small pea like swelling
about 4mm in diameter. In animals which reacted,

this initial swelling increased in size until after
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an hour it consisted of a flat elevated wheal which |
in sheep was surrounded by an area of erythema which‘
varied in diameter. In sheep the reaction was ‘
examined and neted one hour after the injection. i
The size of the wheal and the extent of the epytnemag

were measured by means of callipers. |
In cattle, during and after the initial |
wheal fermation there occurred to a varying extent
an oedematous infiltration at the site of the
injeetion, This infiltration reached its maximum in
four hours and was maintained for a further two to
four hours; after 24 hours the reaction had reselved,
the site being marked only by a slight thickness of |
the skin. In white-skinned animals the reactien wasi
surrounded by a zene of erythems but in other animal&

it was not possible to observe such erythema, The

reaction in cattle was measured in four hours' time,

the fold of the skin where the resction had occurred
being measured by callipers.
OCn histological examination the skin

reaction is characterised by a marked perivascular

infiltration of pelymorphenuclear leucocytes, the
majority of which were eosinephils, tegether with
marked oedema of the dermis., This infiltration of
eosinophils is noticeable as early as 20 minutes
after the injection of the antigenic material.
Botteri (1922) and Tanturi (1939) have reported an
infiltration of eosinephils at the point of a
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PLATE I.

Bection of bovine skin 20 minutes after
the intradermel injection of O.,lce of 1-100 saline |

extract of F.hepatica. (Stained H., and E.) (x 50)

Key.
Aes Berous exudate at site of skin
puncture,
B, Early perivascular cellular migration.
(eosinephile)

C. Early ocedema separating cellagen fibres.
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PLATE I1I.

Section of bovine skin 4 hours after the;

intradermal injectien of O.lce of 1-100 saline

extract of F.hepatica. (Stained H. and %.) (x 50)

Key.

As

B.

Perivascular cellular migration

(eosinephils). |

Oedema, containing many cells, i

causing marked separation of cellagen

fibres. |
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PLATE III.

Section of bovine skin 20 minutes fater

| the intradermal injection of O.lce of 1-100 saline
extract of F.hepstica. (Stained H, and E.) (x 250)

Key.

A, Early perivascular cellular migration

(eesinephils). i
|
' B. Early eedema causing separation eof

collagen fibres,




|
PLATE .

Section of bevine gkin 4 hours after the |
intradermal injection of O.lecc of 1-100 saline
extract of P.hepatica. (Stained H. and E.) (x 250)

'ggz.
A. Marked perivascular cellular
migration (eosinephils).
B, COedema, centaining many cells, causinJ

marked separation of collagen fibres.
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positive skin reaction in echineceoccus infestation.
Dienes (1930) states that skin reactions of the
anaphylactic type are characterised by a quickly
developing oedema and an intense accumulation of 1
leucecytes, Rich (1944 pp.414) is of opinioen that
eeosinophilia is a characteristic phenemenon at the
site of injectiens in hypersensitive reactions of
the anaphylactic type. It therefore appears that
the reaction observed in F.hepatica infestatien |
is of a true hypersensitive nature, being of the
anaphylactie type.

The reactiens with peptone solution in
sheep consisted, in the mejority of cases, of only a
small spet of erythema indicating the injection site,
hoewever in seme sheep a mere marked reaction was
evident, This consicted of a larger zone of erythema
but without any wheal fermation. In cattle ne wheal
formation was evident with the peptone seolution; in
some animals hewever there was & slight infiltratioen
at the injection site in four hours (increasing the i
thickness of the fold of skin by 1-2mm). In some
animals however which showed a marked reaction to
the F,hepatica extraect the site of the peptone
injection develeped an increased ocedematous

infiltration but this was in no way comparable with l

the reaction at the specific antigen site, Lewis and
Loomis (1928) have reperted an increased reactivity

of the skin to nen-specific irritents in animels
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which possess a marked degree of skin sensitivity
to tuberculoprotein, It is pessible that in this
examination a comparable mechanism was the cause of
the oedematous infiltration at the peptene 1nject1on!
gite in animals which reacted strengly teo the

specific antigen.

Pest Mortem Examination.

All animals were numbered before
intradermal injections were made, After slaughter |
the viscera and carcase of each animal were examined,
The liver was examined for the presence of F,hepatica.
An incisien was made into the substance of the liver
and across the main bile ducts, "here no micrvacopi#
evidence of liver fluke was found the contents of th#
gall bladder were cellected and centrifuged and any L
deposit examined for the presence of liver fluke eggs.
A note was made of the existence of parasitic nedule
on the surface of the liver. The presence of ether;
parasitic forms such as cysticerci of cestodes was |
neted.

The lungs were examined for the presence
of P,hepatica and ether helminths.

A note was made of any bacterial disease
which was present in the carcase or its viscera and
the state of nutrition and pregnency (if present)

were noted.
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Results.

Precipitin Reaction. |
In the precipitin test the results were

read after the tubes had been incubated for one hour
at room temperature. A narrow, whitish plane or

ring of precipitate at the junction of the two fluids

was considered & positive reactien. The degree of
reaction was estimated from the thickness, density
and time of appearance of the ring of precipitate

and was designated as follows:- ‘

? doubtful reaction.
+ weak peositive reaction, |
ok moderately strong peositive reaction,
4 Strong positive reaction.
TABLE I.
Frequency distribution of Reactions eccuring at

|
different dilutions of Antigen with the sera of|

sheep net infested with F.hepaticsa.
Dilution of Antigen, Degree of Precipitation.

? 4+ ++ +++ lNeg., in all

dilutions.
1-100 2 8 - 1 |
1-200 2 8 » 1 21 .I
1-400 1 « % & |
1-800 - - 3} -
1-1600 Bk i |

(A total of 26 animals examined) '

The moderate and strong reactions which




Ve

occurred with the various dilutiens were given by th
serum of one animal, This wae an aged ram which ahaled
fibrosis of the liver but no evidence of F,hepatica
infestation.
LARLE Iie
Prequency distributien of the resetions cccurrin

at Different Dilutions of Antigen with the Sera of

sheep showing hepatic lesions of early
infestation, (22 animals examined),
Dilutien of /ntigzen

? 4 +++ lNegsin all

dilutiens.
1-100 - - 7 15
1=-200 - 2 10 10
1400 4 65 B 8 -
1-800 5 2 e
1=1800 g &4 1 |
TABLE XIIX,

Frequency Distridbution of RNesetions occurring
at different dilutions of antipen with the Sera
ef sheep infested with mature P,hepatieca.

(52 animals examined).

Dilution of Antigen  Degree of FPreeipita

? ¢ 4+  +++ HNHegein all

dilutions.

1-100 - 6 b 10
1-200 - 7 B 9
1-400 - 9 @ 2 e
1-800 1 8 2 3
1-1600 i 3 1 3




Histogram showing the percentage of reactions at various dilutions of antigen with various groups of sera.
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. The Cemplement Fixation Reaction. ;
! a
i TABLE IV,

|

Freguency Distribution of the Fixation of

Complement with the sera of Sheep infested with

P, hepatica. (Vagner,1935, methed using alecohelic|

extract of dessicated parasite).

Degree Affected. No. Pixation of Minimal Haem c
of sersa. Doses of C ement i
Yo Tess than 1 1.5 2
Pixatien. 1 WHD, MHD., MHD. MHD.
Lightly affected [
Sheep. 20 5 7 A -
(6) (=) (2) (2) |
Mederately affected
| Sheep. 19 - 4 16 - -
(3) (2)
| Heavily affected
Sheep ; & 1 5 5 - -
(¢) (8 (2 |
| Total. 50 6 16 g7 1 -]
e (13) (4) (7) (2)

(The figures in parenthesis denote the reactionsi
occurring with the saline extract of F,hepatica). !
TABLE V. |

Frequency distribution of Fixation of Complement
with the sera of sheep not infested with |

F.hepatica (Wagner, 1935, method).

Ne.of sera Fixation of iinimal Haemeolytic Doses
Examined. of Complement.

Ne Fixation.lLess than 1MHD, 1MHD. 1, 5MHID, 2MiD,
20 8 10 2 - -
(2) (2)

(The figures in parenthesis denote the reactions
occurring with the saline extract of F.hepatica.)




TABLE VI.
Frequency distribution of Fixation of Complement
with the sera of sheep infested and not infested
with F,hepatica using an alcohelic extract of
Sheep Heart (Non-specifie Antigen),

Animals. Ng.eof Pixation of Minimal Haemolytic Deses

D

Se!‘&. Gf Cm!nlementc :
No Fixation.lLess than 11HD. 1, bEHD, 2l
TL‘!&}{D.
Not Affected.l12 - 10 2 - -
Lightly
Affected ] - 2 6 - 1
Kederately
Affected. 15 - 6 4 2 a ¢
Heavily
Affected. 6 - 2 2 2 -
Total. 40 - 20 14 4 2
TABLE VII,

Frequency distributien of fixation eof complement
with the sera of sheep infested with F,hepatica,
using an alcoholic extract eof fresh F,hepatica,
(Fairley and Williams, 1923, technique).

Animals. No.of [Fixation of Minimal Heemolytic Doses
cera. of Complement,

o Fixatien. SM.H.De 4.5 M.H,D, 6k, . Ds
Lightly
Affected & 3
Moderately
Affected 10 g 1(Slight)
Heavily
Affected 5 3 2 : - 1(81ight)
(1 81ight)
Rarly 2 3 1(S1light)
infestation.

| Total. 20 16 4(5ght) 1 1
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Action of sheep serum on the miracidia of |

F.hepatica. !
When sheep serum was added to a suspenaieA

of miracidia the fellowing changes took place. The !

|
motility of the miracidium was impaired, the speed eﬁ

the mevement being reduced, Concomitantly with thiai

slowing a collection or "precipitate" of granular ;
material developed at the posterior end of the |
miracidium and later encrnached aleng the sides of

the organism, This "precipitate" preduced a further

decreased motility and a slowing of the beating
cilia which at a later period began teo beat slowly !
and in an inceordinated manner, Later deformity of
the miracidia took place, the anterior extremity
becoming enlarged and globular, With this deformity
motility was lest and the miracidis gravitated cut
of suspension, taking en an ameebeid form. Later
the deformed miracidia clumped tegether,

This reactien eccurred tc a slightly

greater extent with the sera of animals infested with

 Fshepatics, From the results of the sction of serum

| on miracidia it was thought that it might be possible

to establish a test by which it would be possible te
titrate the antibody present in the sera of sheep
infestel with F.hepatica. The details of the test

have begn presented in the previous section,



an equal volume of serum (0.5ee¢) (diluted 1-10 with
distilled water) and O.lec of complement (diluted
1-10 with saline) to the suspension. (Unstained)

(x 100).
Key.

Miracidia b minutes after the addition of

A,
B.

Ce

D,

66,

C

PLATE V.

liracidia showing "tall" of precipitate.
Preaip%tate enereaching aleng the side
of the organism.

Miracidia shewing deformity with
enlargement and globular appearance

of the anterior extremity.

Apparently nermal miracidia,
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4100%

Percentage of sera having a lethal effect on

the miracidia.

80%

60%

LO%

20%

Polygon comparing the percentage of sera which had a lethal effect on the
miracidia of F.hepatica at the different dilutions of sera in the three groups of

animals.

Sheep affected with
mature F,hepatica

'Sheep affected with
early lesions.

—————— Sheep not affected.

Q%

1=20 1-L0 1-80 1-160 1=320 1=-440

Initial dilutions of serum in the test.




Comparison of the action of sheep serum on miracid

TABLE IX,

with and without the addition of Complement

(Os1ce of Complement, 1:10 dilution).

Serum. Il

| A. With Comp. +++
Wihtout Comp. -

B, With Comp. +++
Without Comp., =

|
ia
|
|

al Dilutions of Serum. Controls.
0; 1/20; 1/40; 0; 1/160. C.C. N.C.
= T - - -
4 A i+ - -
L SR T S - -

Ce With Comp. +++
. Without Comp. =

i _(The various reactions were designated -, +
+++ 88 laid out in the details of the test on page 45)

Comparison of the action of heated and unheated

TABLE X,

serum on miracidia with the additien of normal

complement and heat inactivated complement,

ce Co
UnEeafed -
[+15) ement

| Unheated with

| nerma +++

' complement.

| Huggaggst

W a’
;_Lﬁ%' ctivated
complement.

| Heated C. Serum
with narmai
complement, +++

| Heated C,Serum
| with heat

- inactivated
' complement. »

+++

+4+4

4t

4o

ot

+++

++

S

(Heating was carried out for 30minutes at §6°C )

Ser Initial Dilutions of serum
i 1/10; 1/20; 1/40; 1/80; 1/160; C.C. N.C.

++ or

Controls.




|
Table X indicates that the lethal action !
| of serum was absent only when complement was remavedi
; or destroyed by heating. As complement élone ‘
| (C.C. control) d4id net cause any lethal action it is
i concluded that the campénent of serum responsible fo%
this action is thermestable at 56°C. and requires the
addition of complement before the lethal action is |
evident, ;
| TABLE XI.

The effect of the concentration of Protein

 and peptone on miracidia with and without the
addition of CQmpiement.

' Substance, Initial Dilutions of Egg White in
Distilled Water. Controls.

; 1/10; 1/20; 1/40; 1/80; 1/160.0.C. N.C.

 Egg White -
i With Cemp. + -~ - - » - -

| Without
' Complement - - - - - - -
nitial ons of peptone in
Distilled Water. Controls.

1% 5% 2. 5% 10 BB% 0. 625% c- 01 I"-- G.

' Peptone

|

| With Compe 44+ + = - » & W

|

| Without

. Complement - - - " 3 ol &
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Reaction.

The Intraderma
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In the intradermal tests there was no

correlation between the strength of the reaction and

|
the degree of infestation, this being contrary te thp

findings of Wagner (1935).
The animals presented in Table XIII

showed evidence of calcified lesions en the surface

of the liver., ‘These were probably parasitic in
erigin, though it is impossible te state that they
were due to F.hepatica infestatien, Though 75% of
these animals gave a marked skin reaction to the
intradermal test, thus suggesting that they may
have been due to FP.hepatica infestation, the number
of animals (12) is too small for conclusions to be

drawn.
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?1n table XV is the incerease in skin thickness of

| suppurative lesions in the bile ducts -- a few eggs

| sensitivity in this case, One animal, aged 4-5 years

of F.,hepatica were found in the bile, A loss of

|
|
The most frequently eccurring observation[
|
a
1

6mm (Modal Value). The percentage of animals which
gave skin reactions lower than the modal value is i
enly 9.75% of the total number examined and 75% of u
the animals reacting less than the meodal value react%d
with a skin thickness of bmm, |

The two animals which gave an increase in

gkin thickness of only l-2mm were aged cows. One

animal, slightly affected with P,hepatica was afrectja
with a suppurative mastitis and marked emaciation. |
Botteri (1922), Spengler (1923) and Deusch (1925) [
have indicated that cachectic states produce a loss |
of skin sensitivity in hydatid disease. It is
possible that a comparable mechanism produced a less
of skin sensitivity in this animal,

The other animal, which gave an increase

in skin thickness of only l-2mm, pocsessed marked

skin sensitivity has been noted in hydatid disease
as the result of suppuration of the parasitic cyst
(Botteri, 1922; Deusch, 1926). Suppuration of the
bile ducts may be the cause of the less of skin

was similarly affected with suppuratien of the bile
ducts and gave an increase in skin thickness of 4mm

to the F,hepatica extract, !




. Total 'QQ—————4E==££:;53====- , A W

T i |
|

If these three animals are removed from |
|

| the frequency distribution table of infested animals
| as being not typically infested animals, the perecentage

|
of animals showing reactions below the modal value ‘

then is 7.92% of which 92,3 gave skin reactions of i
‘Bimm, |
The strength of the reaction was generally
higher in heavily infested than in lightly infested |
animals, especially in the age group of 2-5 years, i

In older'animala this correlation was not found.

TABLE XVI,
Frequency distributien of animals, not infested
with F.hepstica, which gave the following reactions
to the skin test using 1-100 ssline extract of

F.hepatica. i
Age Croup. No.of

Animals.
1«8 : 3 : 4 : 6 : 6 : 7 :8: 9 & over.
1-2 yrs. 7 2 B3 1 1 e e e
C=d Yyrs. 6 3 1 i 1 £ & o+ =
3«4 yrs., 15 4 1 7T 1B e & «
4-5 yre., 9 - 3 1 2828 8 = = =
=6 yrs. 6 - 2 28 28 = = =« =
7 & over B - 1 2 1 - - 1 =
4 8 |

Percentage. 83.33% 16,66%

83.3%% of the skin reactions occurring

|
in animals not infested with F,hepatica are below

|

|



TOs

the modal value for the increase in skin thickness

No non-infested

occurring in infested animals,

animals showed the marked increase in skin measurements
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which was evident in infested animals.
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e
Table XVII indicates that a dilutien of 1-1000

iof the saline extraet of F,hepatica is not as satisfactory

E'em the 1-100 dilution in the skin hypersensitivity

The results obtained by Mazzotti (1948) in

humans could not be cenfirmed in cattle.

| teat,

*(308a3%e OOOT~T 943 U3ITA
uoplounfues ul pesn Bolledey'Jd JO 30BJIXd 2UTTBS O0T-T 242
Uy3Ta SUuTIanooo guoTloBad U3 938ITPUT grsoyjuadaed UT seanlTg)

(2) () (2) (&)
W w e w X ow w0 L "8Ik g - 2

AD
POT $ PL S SL S 8L * IT ¢ OL 3 6 ¢ 8 ¢t L 3290:8:7 3821

mwmmwﬁﬁ
Jo *oi dnodap o8V

BS5UN0TU] UlYE Ul S086GeJ0Ul SUIMOLLOJ 943 nﬁno:m STeutuy

*BOT3BAOY g JO 20BALIXD
suIIse OOCI~1 JuTen 3897 UE 9yl 09 SUOT3Oesa SUTMOTIOJ 9Y3 24A88 yoTyus
“TTIBASUSE YITA POISIJUT 30U *STBUTUY JO UOTINQTIIETQ Lousnbedg

*TITAY w1dvd



80,

- T (o uadtuy

(000°0T~1)
- - - - - - - - T 8T (a uadTjuy

(oo0T~1)
- w . f . T T B ot (e ueStIuy

6L *I340
P *saf g

*TOAO
® 8L ¢ VL ¢ 2T ¢ mH PIT 0T 6 ¢ 8% 4 29 :6 ¥ 8 31

MEEEFED a8 Ut ) sTeutuy
.Eanﬁmmqﬂmgmuhoﬂﬂlm.ﬂﬁaoﬁmm.wEnmﬂﬂwaxmmmmﬁﬁz¢ heam.mmelhw.lmm.d..

geouso

*80738d0Y 4 JO 308a3X0 SUTTEE QOL-T (°2 puv ugajoad BoT3vdoy o
PoTJTang Jo uerInTTP 000°0L~1 (*q futegoad BOTjedey -4 PATITINg JO

ueTINTIP O00T-L ("8 Juren 3893 UTHS SYy3 03 SUOTIVBOA SUTMOTIOJ Y3
2A8B8 yoTym “BOTIBARU°E YITA DPa3SaJul ‘sSTBWIUY JO uolInqlalsty Aousnbadg
“XIX a19vd




Le

i In table XIX the animal which gave only

j l-2mm increase in skin thickness to the 1-100 saline
. extract of F.hepatica and one animal which gave an |
inerease of 4mm to the 1-100 saline extract have botﬁ

been mentioned in relation to table XV. Both these |
| animals were affected with suppuration of the bile
ducts.

Table XIX indicates that the purified
protein component of F,hepatica, as prepared in this

examination, is unserviceable for eliciting a skin

reaction in ¥,hepatica infestation.

Desensitisation.
The fellowing animals were subjected to

reinjection at the same site with O.lece of the 1-100

saline extract of ".hepatica. Three injections were

' made at intervals of 24 hours and the reactions ﬂateﬂ

;1n each case, as indicated in the table below. !
TABLE XX. ;

i Prequency distribution eof the increase in

| skin measurements fellewing reinjeetion of the

| initial site with 1-100 saline extract of F.hepatica

| (Oslce injected).

| tia crease Increase in skin Increase in skin

iin skin thickness thickness after thickness after |
in m.m.83 second injection third injection |
(in m,m.s) (in m.m.s)

: 20 mm 13mm Smm

‘ 6 mm 4mm Smm '
_ 19 mm 8mm 8mm ‘
; 16 mm Omm Tmm |
| 23 mm 14wm 8rm |
| 8 mm 6mm Smm !

| Average Decrease 64 16mm, 9, 66mm



Oce
The following 15 animals were given & ce

of the 1-100 saline extract of F.hepatica intradermally

en one gide of the neck and 24 hours later these

' animals were subjeated to the normal intradermal test

The

(Oslce) on the oppesite side of the neck,

reactions are presented in the fellowing table.
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The experimente in desensitisation of skin
hypersensitivity to F,hepatica infestation indicated
that lecal desensitisation eoccurred to a marked degree
at the site of the initial intradermal injection, but
general desensitisation, produced by large injections
of antigenic fluid, occurred to a less marked degree,

Passive Trensfer Skin Sensitiv b
means of Serum. (Prausnitz Kistner, 1921,

reaction).

Serum which was taken freom animals which

' had reacted to the intradermal injection of the saline
| extract of F.he atica, was glven intradermally, in |
lce emounts, tc animals which had not previously ]
reacted te the saline extract. Twenty four hours
later the prepared site was injected with O,lce of
| the saline extract and the resulting reaction neted.

The results obtained are presgented in table XXII,
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Table XXII indicates that successful
| transfer of sensitivity by way of serum was achieved5
to a marked degree in two cases and partially in |
four other cases. This indicates that the hyper-

- sensitivity in some animals is circulatoery in nature,

' Rachman and Stevens (1927) have reported the |
 successful passive transfer of skin hypersensitivity
iin humans to Ascaris lumbriceides.
!D;scuaslen.
iTQe Precipitin Reaction.

The precipitin reaction proved aatisfaoterﬁ
for the demonstration of antibodies in F.hepatica |

infestation in sheep, using the saline extract of
dried and powdered parasites. The results were not
'as perfect as those reported by Trawinski (1937)
!who obtained pesitive reactions with the sera of 5

' all (100%) infested animals and negative results

'with all sera from non-infested animals. The results
| |

 compare better with those reported by Szaflarski .

1(1946) who obtained less marked reactions than

‘Trewinski in animals infested with mature parasites, |

i Reactions were found to be strenger when

|
the parasite was in its early migration stage through
‘the liver prier to its establishment in the biie

‘ducts.s At this stage of the life history of |

F,hepatica the microscopic picture of the yellowish
white and haemorrhagic tracts is one of cellular _
infiltration in the periportal areas with degeneratioq



| Ole

and necrosis of liver tissue. The cellular

infiltration consists eof monenuclear cells, red blood
|

corpuscles and especially eesinophilice polymorphenu-

‘clear leucocytes (Fairley and Williams, 1923).
This picture is similar to that deseribed by Fairley |
(1920) in monkeys experimentally infested with |

' Schistosomes, The serological response in
'schistosomiasis exhibited e marked preliminary rise
;during the initial migration of the cercariae,
!(Pairley and Jasudason, 1930), It was alseo at this |

l
‘stage that the serological response to F,hepatica

|
;infestation wag highest, as determined by the

‘precipitin reaction. This is alse the stage when

‘meat tissue damege is caused by the inveding parasite,
i In schistosomiasis there was a marked !

fantibody respense so long as the parasites continued

to live in the host. A secondary rise in antiboedy

!occurred with the formation of portal thrombi
containing degenerating worms. Unlike the schistosomes,
which are blood stream parasites, F.hepatica exists |
in the bile ducts of the liver, The walls of the i
iaffected bile ducts frequently become fibresed, thus |
isolating the mature liver fluke from the bedy |
fluids of the host. The passage of antigenice
material from the parasite te the host tissue will
thus be rendered difficult or impossible. Hite,
‘Banks and Dack (1938) have stated that the passage

of antigenic material through granulaticn tissue is




(e

| greatly reduced.
i It would appear, therefore, that the
imigration of immature forms in Fasciloliasls was
|

responsible for the initial entibedy response, The
presence of antibody in animals infested only with |
the mature form of ,hepatica in the liver was most

probebly due to the persistence of the initial

responsge, being mainteined by the absorption of small

amounts eof antigenic material from the mature
%parasites in the bile ducts. Relnfestation may
'hawever stimulate antibedy preduction and serve teo
maintain the antibody level.

No correlation was noted between the degree
Ier serological response and the degree of infestation,
This would tend to indicate that the number of mature
paresites per se was net the criterion for the degree

of antibedy response. Rather, it may be that the

degree of biliery fibrosis, thus reducing ebsorption

of antigenic material, and the degree of reinfection |
!were responsible for the level of antibody.

; #With the exception of one animel, the sera
of a few nen-infested animals showed unimportant
reactions only. The exception was that of the sera |

from an aged sheep which gave marked precipitin

reactions. It is poesible that this sheep had

|
|developed antibodies through repeated small

l
'infectations with F,hepatica, though no evidence of

|
infestation was found, Similarly the few non-infested



- enimals which gave slight reactions may have had an

| abortive form of Fascioliasis, which left neo evidencq

iat post-mortem, :
5T e C ement ¥ixation Heaction. i
| The most noteworthy feature sbout the
ireaults of the complement fixation test in FPascioliasis
;was that the fixation of complement was of a very
 small order, Such fixation cannet be regarded as
Eevidence of speclific complement fixation antibodies

| eceurring during F.hepatica infestation.

‘ It was seen that similar reactions occurred
:with sera from infested sheep when an alcohelic
\extract of' sheep heart was used as antigen., MNackie
and Finkelstein (1928) have reperted that the sersa

of several species of animals, including sheep, react
non-gpecifically with nen-antigenic substances
(saline, alcohol, peptone and aleoholic extract of
sheep heart) in the cemplement fixation test,
sometimes to the degree of 4 I, H.D.s8.

In this examination the degree of fixation

occurring with the sera ef infested and non-infested |
sheep and with the neon-speeific antigen (sheep heart)
was similar in each case, Consequently neo specific |
complement fixation can be said te have taken place. i
When the technigue described by Fairley and!
williems (1923) was used enly one serum gave fixation
Iof over 4.6 minimal haemeolytic deses of complement,

Four other sera gave fixation of appreoximately
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2.5 M,H.D.'s of complement. These results do not |

confirm those cobtained by Fairley and Williams who
| demenstrated marked complement fixation with the sera
' of liver fluke infested sheep.

A survey of the results of other workers ﬁ
who have used the complement fixation test in
Pagcioliasis indicates that much of the complement
fixation neted was of a non-specific type comparsble
to that reperted in this examination. Paccanaro
(1909) reported complement fixation with the sera
of healthy sheep and lambs when extracts of ggggggsggg
|

‘were used as antigen, Busson (1911), who determined

;the degree of fixation by varying the quantity of

[

‘antigen, reperted that complement fixatien could be
}detected in the sera of animals not infested as well |

|

|
as the sera of animals infested with F,hepatica.

lHBppli (1921) detected complement fixation antibodies
'in the sera of cattle free from liver fluke, while |
5Servant1 (1921) demenstrated variable fixation of }
;cemplement with sera from sheep infested with
;F,hepa&;ca. Servanti used fixed doses of reagents
'in the test. Following the work of Fairley and
‘Williams (1928), who reported excellent results with
;the complement fixation test in liver fluke infestatioen,
}Broeq—&auseeu, Caucheméz and Urbain (1923) carried
|out extensive experiments with the complement
fixation test on the sera of sheep infested and free

from M. hepatica. The suthers determined the degree
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of fixation by varying the amount of complement in

| the test. The results of their work showed that

| while 85% of sera from liver fluke infested animals
 gave positive complement fixation, 60% of the sera

| frem non-infested enimals also gave similar fixation,
| Wagner (1985) utilised antigens and serum dilutions
|which, in this examination, have been shown to possess
‘éﬁticemplementary action, In addition Wagner did
'not determine the degree of fixation by varying the
;quantitien of one component of the test. Indeed the
'eriterion for the positive reaction was the fixation
?or a single volume (0.2ce) of complement., While
:?3 of the sera of infested animals showed complemant
fixation ,of the sera from ten animals, which showed

no evidence of infestation, five gave pesitive

|
'complement fixation.

i It is to be noted therefore, that where the
degrge of fixation of complement has been determined
by previous workers, with the exception of Fairley
~and Williame (1923) similar fixation occurred with
thé sera from infested and non-infested animals,
Where the degree of complement :1xatian was not
 determined and the criterion for a pesitive reaction
'was the fixation of an arbitrary velume of complementg,
fixation was frequently neted in the sera of healthy
animals.

It would appear, therefore, that the

fixation reported by previous workers, with the
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exception of Fairley and Williams (1923), was

' probably due to non specific complement fixation f
!propertiea of the sera comparable to those reported |
by Mackie and Finkelstein (1928).

| In the series of 20 animals exemined by
Fairley and Williams (1923), the sera of 14 showed

I
marked complement fixation. Nine of these animals !

showed acute toxic changes in the liver. Though
'the actual character of these changes was not stated,
iit is possible that they were due te marked early
imigratian of the immature F,hega;ica through the
'substance of the liver, If this was so, it is i
Eprobdble that complement fixation antibodies would bci
present in high titre since in the precipitin reactio?
‘a rise in precipitin antibedy has beenmoted at this |
|stage of early invasion. |

In this examination the sera of two animals|

were examined which displayed evidence of early
‘1nvasion by the immature i;ver fluke, though only on
!the caudate lebe of the liver. One of the sera
gave partial fixation of 3 M.H.D.'s of complement
(epprox. 2.5 M.H.D,'s fixed); the other serum gave
negative reactions, However, if sera frem animals
showing similar changes to those examined by Fairley
and Williams (1923) had been available cemparable
results might have been obtained.

The action sheep se on the

gmiracidia of F.hepatica.
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The results of the examination indicate
that sheep serum, even in high dilutions, in the
| presence of complement, exerted a lethal effect on

the miracidia of the liver fluke. The serum

principle respoensible was nct destroyed by heating

at 56°C for 30 minutes. However complement was a

necessary component in the reaction since the absencﬁ
of cemplement or the presence of heat-inactivated |
|
|

complement rendered the serum almest entirely

ineffective. A very slight lethal action was

evident with heat-inactivated complement and this

!posaibly was indicative that the heat-stable compon-
|
' ents of complement (8rd. and 4th. components)played

| & small part in the lethal effect,

High concentrations of pretein and peptone |

|

iin the presence of complement, were seen to exert an
‘aGVerae effect on the miracidia, as indicated by the!
action of high concentrations of egg albumen and i
commereial peptone, (Teble XI). “hen these !
concentrations of protein and peptone are cempared !
|

with the protein conecentrations of the dilutiens eof

serum which cause death of miracidia it is aignificaqt

that protein cencentration alene could not be held |

responsible for the lethal action. From the results

shewn in the frequency distribution table (Table VIIIb

| it was seen that there was a slight difference betwe&n
the effects of the sera from animals infested with

| Pohepatica and the sera from nen-infested animals, |
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:Animals presenting lesions of early invasion showed
the highest lethal effect. The difference between
' the various groups of animals was so small, however,

!as to be of ne significance.

| Zeactions causing precipitates and death
'with the intermediate stages of nematede helminths
ihave been noted by several authers., Otte (1939)

irecorded eral, anal and oesophageal precipitates
!areund the larvae of Ancylestoma caninum when they
:were placed in immune serum, Roth (1041), Nliver-
iGonzalez (1940) and Mauss (1940b) have reported

| similar precipitates around the larvae and adulte of
!Tr;gggnel;a spiralis when placed in immune serum,
!Otto, Schugam and CGroover (1942) noted this
iphenemenon with the larvae of liecator americenus.

| While the reaction took 12 hours to 4 days
Ito develep in the larvae of nematodes, only a few

(15) minutes were necessary for the action of sheep

serum on the miracidis.

1 The precipitate occurring with the larvae
ief'nematadea appeared to be a reaction between the
' excretions and secretions of the larvae and the
antibedy in the serum, (Oliver-Gonzalez, 1940). 1In
!oontrast, the action of serum on miracidia was not
iconfined to immune serum but eccurred to almest the
'same extent in normal serum, No precipitate was
!evident at the anterior extremity of the miracidium

'as occurred with the larvae of nematodes, Since the
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‘physiol@gical openings of the miracidium are aituated;
!posteriorly (exeretory pefea draining the flame oells)
;1t is possible that the posterierly developing “tail“i
of precipitate occurring on the miracidium may be thai
result of the combination of exeretions and some ‘
substance occurring in the normal bleed serum, This |
substance needed the presence of complement, whereas
'the larvel precipitates in nematodes developed in the|

absence of complement, (Oliver-Genzalez, 1940),

‘ A eercericidal effeect of permal serum

'on the cercariee of Schistosoma jJjaponicum has been
ireparted by Tabangui and Masilungen (19%6), Cemplement

o

was necessary for this reaction which toek one hour

‘at 37°C to be completed., The action was incrsased
|
by the use of serum frem an animal which was infested
with the parasite. Culbertsen and Talbot (1935)

also recorded such a reaction with the cercarise of

schistosomes when incubated in serum. The parasites

' became disterted, lost their metility and finally !

were unrecognissble as cercarise., The serum con-

latituent responsible for this reaction was 1naot1vateh
Eby heating and dessication, The titres of the sera
' of various animals varied within wide limits,
‘Precipitates eceurring around the cercariae of

!schistoaomes of men when the cercariae are placed in

l
' the sera frem infested humans were neted by

Papirmeister and Bang (1948), Heating of the serum
!deatroyed this activity but restoration of activity
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|
 was preduced by the additien of cemplement, Liu

and Bang (1950) reported an agglutinin for the
cercariee of schistesemes (S.mansoni) in the bloed

of rhesus menkeys which had been infested with the
parasite. This agglutinin reached its highest point

| when egge of the schistoseme appeared in the faeces.
|
|

| With the exception of the serum agglutinin

|
[ It was heat-stable.

ideacribed by Liu and Bang (1950) the action of seras
' on cercariae appears to be analagous to the reaction
with miracidia deseribed in this examination,

A reaction has been deseribed by Sate
(1933) with the filariform larvae of Streongyleides
stercoralis and serum. Sato reported an

"agglomeration” acticn on these larvae with normal
serum, but serum from e human infested with
S.stercoralis had a slightly greater effect than
normal serum, E
Ledoux-Lebard (1902) has deseribed an action
‘of serum on free swimming ciliates (Parameecia) very
similar to the action of serum on miracidia neted in
this examination. When Parameecia were placed in
different dilutions of various species' sera the
Parameoecia suffered a sleowing and immeobilisation,
At the posterior end of the organism there appeared
a flecculent irregular mass in the form of a "tail"
which later encreached along the sides of the

!
‘Paramoecium., After sedimentation te the bottom of |
| |



L

the tube the Paramoecia tended te "agglomerate" in
a rosette fashien., Thighetion occurred in from
15 minutes te 3 hours in an incubator (temperature
' not stated), The serum compenent respensible

was inactivated by heating at 55% for 30 minutes,

but was replenished when unheated serum was added.

The action of serum on Paramoecium and ‘
mirecidia is very similer and may represent a :

natural serum action on lower free swimming forms

ef life. A lethal action ef normsl serum on

trypanesomes has been recorded by Culbertson and

Strong (1985)s. This trypenocidal effect, hewever, |

was only slightly reduced by the inactivation of
complement by heating but was completely inactivated

when the fourth component of complement was destroyed.

The normal serum reactions on Paramoecia, ;|
‘mirscidia and trypanosomes are probaebly similar in
nature te the natural antibodies present in serum
respongible for the lysis of many species of bacteriaL
Such antibodies have been described by Mackie and
Finkelstein (1931). ‘
Ighe_nggadegmgl Reaction.

The results ef the intradermal tests

indicated that there was a hypersensitivity which
develops during infestation of animals with

Pohepatica and persists for a long peried after
'initiel infestation.
Thies hypersensitivity did not appear to be
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!so well developed in sheep as in cattle (68.75% of |
:1nfested sheep gave marked skin reactions, whereas
90.26% of infested cattle gave marked reections).

: Mazzotti (1951) was of the epinion that |
‘hypersensitivity te F.hepatica infestation was caused
by damage and sheck to the reticule-endothelial
tissues of the liver, F.hepatica infestation in
cattle differs from that in ahéep in that marked
fibrosis of the blle ducts regularly occurs in

cattle. Such & reaction in cattle indicates a more

\marked cellular response to P .hepatica than occurs

iin sheep. Consequently a greater stimulation of
the reticuls—endgthelial system will eccur in cattle
and thus according to lMazzetti (1951) a greater
degree of hypersensitivity will be evident,

Hypersensitive reactions in infested

cattle were notably stronger than the reasctiens which |

joccnrred in nen-infested animals. No animal which
’was free Trom liver fluke displayed the remarkable
'increase in skin thickness which was evident in many !
éinfested animals, |
This hypersensitivity could be passively
:tx-anafez-réd by means of serum te a nen reacting i
animal (Prausnitz Kiistner, 1921, reaction) 1nﬂicat1ngi
that the hypersensitivity existed, in some animals, |
'in a eireulatory or "reagin" form, (Coca and Grove,
11985). Hypersensitivity to F.hepatica infestation

in humans was capable of passive transfer, as



indicated by Guerra, Mayer and Prisco (1945). |
| Hypersensitivity to A,lumbriceides infestation and

hydatid disease in humans has been shewn to possess

| eimilar properties (Rachman and Stevens, 1927).
Desensitisation of a lecal area of skin
could be accomplished te a marked degree by repeated
injection of antigen at the same site, However,
general desensitisation eould net be brought about
to any great degree by the intradermal injection of
large quantities of antigen. Pessibly larger
quantities of antigen than were used in this
examination would have preduced a more complete
desensitisation, ‘
Animals which did not show evidence of
liver fluke infestation but which gave marked skin |
reactions were mainly older animals, Sueh animals.}
owing to their age, would have had more copportunity

to come inte contact with F,hepa s Which,

although net causing actual lesions, may have
sensitised the animals to the FP.hepatica antigen.
It is of interest to note that 75% of
sheep which showed evidence of calcified nodules on
the surface of the liver reacted to a marked extent
to the F.hepatica extract. Though it was not i
poesible to determine whether these lesions were
caused by Fshepatica, the positive skin reactions
suggested that the lesione were possibly evidence

of abortive forms of “,hepaticea infestation.
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| The dilution of the saline extract to
il—l,OOO did not prove satisfactory for the demon- |
;stratien of hypersensitivity. Mazzotti (1948, 1951)
!h&a stated that high dilutions of F.hepatics extract
'(up to 1-10,000) were as satisfactery as lower
'dilutions when used in humans, This did net apply
te the test in cattle. Sebiech (1951) repeorted
that dilutions ef 11,000 and eover produced an
‘antigen which was unsuitable for use in the intradermal
[test in fascioliasis, He alse stated that a 1-100
dilution of Fshepatice antigen prepared according to

Trawinski (1987) preoduced a reaction which was too
marked in nature, However the quantity of antigen i
injected by Sobiech was 0,3 to O,5ec as compared with|
O.1lce in this examination. Rich (1944, pp.352)
mentions that humans are capable of develeoping a much
higher degree of hypersensitivity to tuberculosis

infection than animals, It is possible that this

?may also apply to parasitic diseases which produce
%hypersanaitivity.

! Attempts to preduce a more purified antigen
for the skin test by precipitatinglthe active pretein
lin Pohepatica with trichleracetic acid were
;unsuccessrul.

} The intradermal skin reactien in F,hepatica
infestation has been shewn te be a?enific by several
authors (Sievers and Oyarzun, 1932; Wegner, 1935;
Ayglin and Baskaya, 1939; Mazzotti, 1942; 1948; 1951;

i

[
|
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Morenas, 1943a; Lavier and Stephanopoulo, 1944;
Sgaflarski, 1950 and Sebiech, 1951). In this
examination intradermal tests were carried out with i
ivarioua helminth antigens in ceonjunction with the
}F,hepaticg extract. The results have indicated that
ithe reagtion to E,henggicg was speeific to a great

degree, Intredermal tests in cattle using extracts

of hydatid eysts proved negative in animals infested

with F.hepatica, Reactions occurring to the

intradermal injection of Dietyeocaulus antigen eccurreh

'1ndependent of reactions caused by the F,hepatica i

|
‘extract. However extracts of Cysticercus bovis
| :

sheowed similar resctions to those caused by the

|F,hepgtlca extract, (see Part III) the animals
' showing no evidence of C.bovis infestation. It
%therefore appears thet a common antigen existed |
' between C,bovis and F,hepatica. A common entigen
ibetween F.hepatica and the adult form of C,bovis |
(Taenia saginata)has been demonstrated by Kellaway i
(1928), Kellawsy found that the uterus of a guinea |
pig sensitised to I.saginata respended anaphylacticsal
when treated with extraets of F,hepatica, Ty
Two animals infested with Dicroeceoelium

dendriticum reacted with the F,hepatica extract

flukes, Wagner (1935) has shown that sheep 1nfeated

|

‘indicating &8 cress reaction between these two liver
!with D, dendriticum react in a hypersensitive manner
I
I

to the F.hepatica extract, Sobiech (1951), hewever,
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stated that the [,hepatica antigen was specific and

failed to cause a hypersensitive reaction in sheep
%1nfested with D.dendriticum alone, The results of
this examination did net confirm the findings of
Seobiech,

deveral (52) ecattle which were examined
were affected with tuberculosis, This infection did
not influence the develéepment of the reactions er
cause reactions to develop in non-infested animals,

Horne and Harrell (1944), Harrell and Heorne (1945) and

Harrell, Horne, Aikawa and Helsabeck (1947) have |
reported that patients in tuberculesis sanitorias
showed a greater percentage of pesitive skin reactionL
te T.8piralis antigens than patients in other
institutions and hospitals. = Kechnev (1950) reported
that cattle showing pulmonary fasclieoliasis frequently
reacted to the tuberculin test in the absence of
tuberculosis infection,
| No evidence was found in this examination
to suspect that tuberculosis infection in animals
sensitised the animals to the F,hepatica extract,
The results of this examination confirmed
the werk of previous workers that a hypersensitive

state exists during infestation with P.hepatica

|and that F.hepatica infestation can be diagnosed
J|'by an intradermal reactioen, which is relatively
:apeeiric.

Summary.
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| The precipitin reaction was a satisfactory
method for the determination of circulating antibedy
in animals infested with F.hepatica. The greatest
response cccurred when the immature parasites invaded
the liver substance; this stage proebably being the
arigiﬁ of.the circulating antiboedies which were
maintained af'ter initial invasion by the absorption
of antigenic material to a varying degree from the

adult liver flukes in the bile ducts. There was no

correlation between the number ¢f adult flukes and

;the degree of precipitating power of the serum.
f Specific complement fixation was not evidenﬁ
i Abie eibnakibn. T Sleatibe Vb 412 voonp
was of a very low degree and most probably due teo |
ilnatural eogplement fixation antibedies in the sera, i

A lethal setion of sheep serum on the i
miracidia of F,hepatica was demonstrated, Conplement
was necessary for thiz reaction which eccurred to
almeost the same degreec with sera frem sheep infested
with Fehepatica as with sera from sheep net infested
with the parasite. The serum compenent respensible
for this reaction was probably analageous to the
natural bactericidal antibedies.

Hypersensitivity te F,hepatica infestatien

wes demenstrated successfully by means of an intradermal

test. This proved accurate in 90% eof cases in
|diagnesing F.hepatica infestation in cattle. The

percentage of positive reactionz in sheep infested




i LU
|

!

'with F.hepatica was lower, (68.75%). The
lhyperaenaitivity persisted for a long time after
infestation. It was capable of being passively
transferred in some animals by means of serum to a

non=reacting animal. Desensitisation could be

‘accomplished te a marked extent on a leocal area of
|
!akin but only a slight general skin desensitisation

eccurred with the injection of large quantities of

I
!antigen.
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Part I11. |
Cysticercus bovis. !
|

Materials and Metheds.
The Precipitin Reaction. ' ' ' i

As far sa can be ascertained there is neo

available literature concerning the use of the
precipitin test in cattle infested with C.bevis.
However this test has been used for the diagnea;a
Cystice 8 cellulesae infestation in humans and
swine. Thus Trawinski and Rethfeld (1935) found
the precipitin reaction of use for the dlagnosis of

cerebral cysticercesis in humans. The preparation

uged for the test was a saline extract of the dried

and pulverised scelices of the cysticercus, Later

Trawinski (1936) successfully used the precipitin

| test for the diagnosis of C.cellulesae infestation

in pigs. The preparetion used was a saline extract

of scolices, Trawinski (1936) and Seltys (1936)
reported that extracte of the flesh of pigs infested
with C.cellulesae were satisfactory for use in the
precipitin test. The above authors stated that the

reactions eccurring with the sasline extract of the
' scolices were specific, However Chung and T'ung |

' |
(1989) and Gaehtens (1941; 1943) reported that extracts
|

of C.cellulgsae produced positive reactions with the
sera of patients infested with hydatid cysts. '

| In this examination & saline extract of

‘G.bovia was used initially in the precipitin test.
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'This was prepared according te the methode described i
Iby Trawinski (1936) for the preparation of the saline
extract of C.celluleosae, as follows:

The cysts of C.bovis were collected from i
infested cattle. As the number of cysts which !
occurred in an infested animal was generally small
(1 or 2) it was necessary to collect the cysts over }
a peried of time (8 weeks)., In the interval cellect%d
cysts were stered in a frezen state, _ |
' After collection the cysts were washed ;

well in water and the scolices were dissected away

| from the rest of the bladder. The scelices were
' washed, placed in a sterile petri dish and dried in
an incubator at 37°C for 48 hours. The dried

‘material was reduced to a powder in a mertar. It
;waa then weighed and extracted with saline in the i
propertion of 1 gram of powdered scolices te 100ce
of saline, The extraction was maintained for 8 days
Iat 4qc, the suspension being agitated at frequent

| intervals. After extraction the suspension was

centrifuged (3,000r.p.m. for 30 minutes) and the

linseluble material discarded. The supernatant
‘fluid was sterilised at 56°C for 30 minutes, passed

through a "Pyrex" micrefilter and was subseguently

| stored in the frozen state at ~10°C, This solution
Irepresented a 1-100 diluted extract of C,.bovis
‘scolices. It was diluted by doubling dilutiens in
' saline frem the 1-100 dilution te 1-6,400, These
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doubled dilutions were used in the precipitin test.
|

From the preliminary precipitin tests it
was found that the saline extract of scolices was not
spegifig and consequently it was decided to use a
purified pelysaccharide preparation fer the test,
fince sufficient numbers of C.bovis cysts were not

available for the preparation of such a pelysaccharide

iit was necessary te use the adult tapeworm form of
' C.bovis, Taenia saginata.
Adult tapeworm materials are capable of
| immunieing eanimals against the intermediate ctage of

| the parasite, Antibvodies preduced by infestation

with the cysticercus stage of parasites can be
abserbed by the adult tapeworm meterials., Thus |
Miller (1931c) and Campbell (1936a) showed that |
' irmunising injectiens of adult tapeworm materials f
were capable of stimulating resistance in animals
te infestation with the eggs of Taenia taeniseformis.
Campbell (1938b) demonstrated the absorption of
' protective antibedies from the sera of animals
infested with Cysticercus fascieolaris with the |
adult tapeworm material of T,taeniaeformis.

The pelysaccharide component of T,saginata

|
was prepared feollewing the technique of Campbell |

1(1937) whe deseribed the preparation of polysaccharidéa
| |
ifrom helminth porasites. : :

| An adult T.saginata was obtained from a

' human carrier. The worm was washed well in running
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‘water and was then frozen at -23°C until it was hard
Iand brittle, The frozen werm was then ground to a
‘ pulp in a mortar, thue preducing approximately 50

i grams of material. This pulp was suspended in

I 150cc of distilled water and heated for 30 minutes

in a beiling water bath. This procedure not enly

i coagulated mest of the seluble protein material dbut

also destroyed the activity of the'autolytic enzymea?
which under nermal circumstances cause the rapid i
disappearance of the polysaccharide (Campbell, 195?);
The suspension was vigerously stirred until ccel and

|
!
‘ was then acidulated to approximately pH4.,5 with

| glacial acetic aecid, Twenty cubic centimetres of
| lead acetate (20y) were added and the mixture plaeedi
in the refrigerator overnight. The insoluble |
material was removed by centrifuge and discarded and
the remaining sclutien precipitated with 1.2 velumes
of 95% ethyl alcohel. The resulting precipitate,

- which consisted chiefly of carbohyﬁrate (Campbell,
‘ 1937), was removed and disseolved in 0,1% Naclﬁolutiaﬁ.
This selution was centrifuged for 45 minutes to :
| remove any insoluble material, Further precipitatién
was carried out by fractional precipitation with 95%|

ethyl alcoheol. The alcohol was initially added

until a faint white precipitate was formed. This

precipitate was dicscarded because, although it con-
| sisted chiefly of cerbohyirate, Campbell has stated
| that the pertion may be biuret positive, The
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remaining solutien f'rom this partial precipitation

was then preciplitated with one velume of 95% |
alcohol. The resulting precipitate was cellected |
and dismelved in saline which was then centrifuged to
remove inseoluble material. This procedure was i
repeated until a sample of the resulting saline ‘
solution showed no evidence of precipitatien when

the pH was lowered to approximately 3.0 with a !
solutien of 10% phesphetungstic acid and 3% !
sulphuric acid. The polysaccharide was precipitatea
from the caline solution by the addition of one
volume of 95% alcehel and the precipitate was washed
with distilled water and finally dried at 37°C, |
By this method 50 milligrams of purified poly-
saccharide were obtained from 50 grams of fresh

T= S%i!!agﬁc .
A 0.1% selution of pelysaccharide in saline

(0.85% NaCl) was prepared frem this pewder and afteri
centrifuging was stered in the frozen state at -1060?

For the precipitin test the 0.1% selutioen
ef pelysaccharide was diluted in saline by deubling
dilutions te give three solutioens eof the fellewing
cencentration, 1-1000, 1-2000 and 1-4000. These
concentrations were used as test solutions in the
precipitin test.

Blood was obtained from the ventricles of
the heart of selected cattle after they had been

slaughtered. The serum was allowed to separate off
|



|
| evernight. Before use the serum was centrifuged

| for half an hour at 5,000 r.pem, in erder teo i

preoduce a clear product. The animals were aelected!

as follews: .

Cattle infested with C.bovis but net with P.hepatica.

Cattle infested with C,bevis and F,hepatieca.

Cattle net infested with either C,bevis or F,hegatigg.

Cattle net infested with C.bovis but infested with |

F.hepatica.

The test was carried out in narrow tubes
(6x32mm), The serum was carefully overlaid with
the test selution (saline extract of scolices or
polysaccharide) se as teo preduce a clear line of
demarcation between the two fluids. In all the i
series of tests two contrel tubes were used, one

| consisting of serum overlaid with saline and the

. other censisting of a knewn positive serum. The

| tubes were incubated at constant roem temperature
for 1 hour after which they were examined for
evidence of precipitatien. A pesitive result
consisted of the formation of a fine white ring or
plane of precipitate at the junctien of the twe
fluids, the esaline contreol being negative.

The degree of precipitation was estimated
from the density and the time of develepment of the
ring of precipitate, being designated as feollows:-

? doubtful
+ s8light precipitation
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++ moderate precipitatien
+++ marked precipitatien
Intradermal Test,
Intradermal tests have been used only
occasionally in cysticercus infestation,
Maternowska (1953) used an intradermal
allergic test in two cases of epilepsy which were

theught te be due to C,cellulosae. Saline extracts

of the cysticercus were used fer the test, which was

pesitive in beth cases,

Chung and T'ung (1939), whe used C,ne;lu;oshe
bladder fluid for intradermal allergic tests, found !
strong reactions not only in cases of cysticerceosis,
but alse in Fchinececcus and intestinal Taenia
infestatiens. |

Podyapelskaya and Kemalova (1942) used
skin tests for the diagnesis of cysticercus infest-
ations in man and animals, Intradermal tests with
Cebovis extracts in humans were non-specific for
T.saginata infestation and similarly were nen-specific
for C,bovis infestation in cattle,

As the method eof preparing the antigen used
for the skin tests by Pedyapolskaya and EKamaleova was
net available, the extract used for the intradermal
tests in cattle in this examination was a saline
extract of fresh whele cysts of C,bovis, which was

prepared as follews:

C.bovis cysts were collected from the
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musculature of an infested animal. These were washed

well in water and were then ground in a sterile
mortar, sterile glass wodl being adied to aseist
pulverisation. After the cysts had been reduced to
a fine emulsioen the resulting fluid was made up to
100 times its velume with saline, Fellowing
thorough mixing of the diluted emulsion the mixture
was centrifuged at 3,000 rypems for 30 minutes,
the inseluble material being discarded. The clear
supernatant fluid was then passed through a "Pyrex"
micrefilter and placed in lce bottles fitted with a
rubber stepper. These battles were stered in the
refrigerator at -10%.

The selected sites were these chosen for

the intradermal tesu in F,hepatica infestation

(Part II) being the skin en the middle third of the |

neck oen a line parallel to the spine of the scapula.

The area was clipped free ef hair and the thickness

of the feld ef skin at the site measured by means ef"

callipers graduated in millimetres. C.lce of the

saline extract of the cysticercus was injected

intradermally using a "Record"” type of dental syringe.

[

The reaction was ohperved after four hours when the |

fold of skin at the site ef the resction was
measured,

All the intradermal tests with C.bevis
extract were carried out in cenjunctien with

intradermal injections of F,hepatica extract (as
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used for the skin tests in F.hepatica infestation).

The reactions cobserved at the gite of the
Csbovis injection were essentially similar as the
intradermal reactions ebserved in F,hepatica
infestation, Thus an early developing wheal was
fellewed by an eedematous infiltration of the dermis
This reached its ma#imum height in 4 heurs, being
maintained for a further 2 te 4 hours, but having
diaapbeared by 24 hours.

Post Mertem Examinatien.

All animals were numbered before the
intradermal test was performed, being subsequently
slaughtered separately when the carcase and ergans
of each animal were examined fer C,bevis.

The external and internal masseter muscles
were incised and the cut surfaces were examined for
the Csbevis bladder, The heart muscle was incised
through the interventricular wall and the muscle
surfaces examined. The cut surface of the carcase
(esgs neck, sternum énd pelvis) were examined for
Cebovis,

The liver was examined for evidence of
liver fluke, being incised acroéa the main bile duct
and inte the substance, Where neo micrescepic
evidence of F,hepatica was present the contents eof
the gall bladder were centrifuged and the depesit
examined for evidence of the eggs of F.hepatica.

An examination was made for the cysticerci

|

|
|

_— 5
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of animal cestodes such as Cysticercus tenuicellis, |

Results.

The sera of the follewing snimals (28
animals infested with C.bevis and 8 not infested)
were examined by means of the precipitin test. In
addition the sera of twe sheep, which were infested
with F,hepatica, were examined. The sera of these
two éheep reacted strongly te the precipitin tesit
when a 1-800 dilutien of a saline extract of

F.hepatica was used.
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Table I shows that with the saline extract
of C,bovis scolices precipitin reactions eccurred
indiscriminately with the sera cf animals shewing
all the stages of infestation and with the sera of
animals shewing ne evidence of infestatien, As
the sera of animale infeested with Rhepatica gave
pesitive precipitin reactions with the cysticercus
antigen, cross reactions between C.bovis antigen
and ahtibodiea against F,hepatica would sappear to
be a factor in the occurrence of many of the
reactions. However animals not infested with
F.hepatica gave peositive reactions and it is
concluded that the saline extract of the ecysticercus
scolices was unsatisfactory for the demonstration of
antibedies in C,bovis infestation,

As the saline extract of scolices proved
unsatisfactory fer the precipitin test further
tests were carried out with the pelysaccharide
solution iselated from T.saginata. In addition
to the bevine sera examined, the zera of 12 sheep,
which were infested to varying degrees with
Pshepatica, were examined to determine whether
the polyaacoharide selution caused creoss reactions
with antibedies against F,hepatica. The results
of the tests are presented in Table II.
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Table II indicates that while precipitin

reactions occurred with the sera of cattle not showing

infestation with C,bevis, the sera eof 12 sheep infe
ted with F,hepatica failed to give precipitin reactions.
It would appear therefeore that antibedies te
F,hepatica 1nféatation, in themselves, were not the
cause of the reaction in cattle nat infested with

Cebovis.
Intradermal Test.

The feollowing 32 animals were subjected to
intradermal tests with saline extracts of fresh
Csbovis bladders. Injections were alse made with
a saline extract of F.hepatica. The results of the
tests are presented in Table 1II.

Table IZI.

Frequency Listributien of the skin
reactions occurring in cattle subjected te the
intradermal injection of 1-100 saline extract of

C IbﬂViB .

Parasit n 8kin Thie 8s _in millimetres.
nfestation <46 6 7 8 9 10 11 12 13 14 15

Csbovis elene (1) o
Csbovis and %
F.hepatica (1) 1

Fih: Rile 8 ¥ 85 B 7 8 8§ 8
aione
T (B)EN9)NT() (1(1)(2)(1)(D)

The figures in parenthesis denote reactions
occurring with a saline extract of F,hepatica which
was used in conjunction with the C.bovis extract.

®I'he animal which had C.bovis infestation
alone had ene live cyst in the external masseter |
muscle, The animal which had F,hepatica and C,bovig
infestation had one calcified cyst in the heart,
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| Table III indicates that animals infested

i with F.hepatica displayed a hypersensitive skin

! reaction when they are subjected to an intradermal
test using an extract of C.bovis as antigen,
Similarly an animal infested with C,bovis alone
poseessed hypersensitivity to a F,hepatieca extract,

The degree of reaction to the C,bovis

. extract in animals infested with Pshepatica is

| similar to that produced by the homolegous antigen.

| Discussione

Precipitin Test.
As indicated in Table 1 the saline extract

of C.bovis scclices was an hnsatiafactery preparation
for the precipitin test. The sera of sheep which
were infested with F,hega;iog-gavehpoaitive precipitin
reactions with this antigen, thus indicating that
antibedies produced during F.hepatica infestation
have a creoss reaction with the C,bevis antigen,

This ereoss reaction, however, was probably not the
enly reason for the marked reactions noted in all
the seré examined., Many of the reactions observed
were probably non-specific in nature, being
analogous teo the nen-specific reactions noted by
Bachman, Redriguez-iiolina and Oliver=Conzalez (1934)
in human seres when tested with extracts of T,gpiral&a.
These non-specific reactions, similar te the

reactions eccurring in this examinatien, did net




| LiZe
|
|
|
|
! appear in the saline contrel tubes, thus being in
contrast te the "anomalous" reactions reported by
the abeve authers and in Part II of this examination,

Bachman et al (1934) were of the opinion that the

administration of quinine induced such nen-specific

reactions. In this examination ne such conclusion

| could be made, as the histery of any therapeutic
treatment could not be ascertained,

| The use of the polysaccharide component of
T, saginata proved much mere successful than the

|
|
‘ saline extract of Cysticercus scelices. The serum
i of one animal with a heavy infestation of C,bevis
| gave a mederately strong precipitin reaction with
| the 1«4000 dilution of pelysaccharide solution.
Such a streng reaction was not evident in any eof
the other sera from animals with a lighter
infestation,
Animals with only a slight infestation,
one or two cysts, freguently di& not show precipitin
antibodies. #here the parasitic cyst was calcified
it is probable that any antibedy which had been
present had disappeared after calcification. A
disappearance of antibedy was evident in Hydatid
disease when calcification took place (Pairley, 1922).
In the cases where the cysticercus was still alive
the degree of infestation appeared te be an impertant

factor in the occurrence of demenstrable antibedy,

gsince the serum ef one animal with a marked




LelUs

infestatien shewed a strong precipitin reactioen,
The invasion of the bavine organism with small
numbers of C,bevis may be insufficient to induce a
demonstrable precipitin response, That is, there
may be a minimal thresheld value in numbers eof
cysticerci belew which ne serelegical response is
evidents Penfeld and Penfold (1937) reperted that
as few as five cysticerci in the muacles served to
give imnmunity te an animal, It is possible that
five cysts may represent a minimal thresheld value
for the establishment of immunity. All the
animals in this examination, with the exceptien of
two, were infested with enly 1 or 2 cysts at the
predilection sites and se the animals may have been
unable to elaborate antibedies demonstrable by the
precipitin test.

The exant nunber of cysticerci in a carcase
could net be accurately determined, since this would
have entalled slicing the whele of the musculature
inte portiens with a maximum thickness of 4", This
procedure was economically impessible in this
examination, and enly the predilection sites
(masseters, heart and tengue) were examined.
Censequently the animals examined may have been
infested with a greater number of eysticerci than
wag evident at the predilectien sites, This, also,
may be the reasen why the sera of animals, which

showed no evidence eof cysticerci in the sites of
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predilection but gave pesitive precipitin reactions,

Though the sera of sheep, infested with
F.hepatica, failed to give precipitin reactions
with the polysaccharide of I,saginata, the infestati
of cattle with P,hepatica may preduce non-specifiec
antibedies which cause a precipitin resction with
unrelated pelysaccharides. Thus, Oliver-Genzalez
(1946b) has indicated that the pelysaccharides from
varicus helminths, including P,hepatica and
T,saginata, showed a cleose immunelogical relationshi
He suggested that an iseagglutinin-like preducing
antigen may have been the cause eof this eress
reactivity. WYhen the iseoagglutinin-like pertion
was checked in the individual sera the precipitin
antibedies were still present and reacted specific-
ally with their own homelogeus pelysaccharide.

Grafa (1942, 1944) hae recorded an increase
in iseagglutinins for human erythrecytes (Type A
and B) in humens fellewing repeated injections of
hydatid material into persons infepsted with hydatid
cyats,

Antigens which cause the preduction of
iseagglutinins for the erythrecytes of man have beeq
demonstrated in the pneumecoccus (type XIV) (Levine,
Bullova and Katzin, 1939; Finlund and Curnen, 1940).
The pertion ef the pneumoceoccus respensible was the
ecapsular pelysaccharidc. This has been shown t¢

be similar chemically to the group A erythrecyte

e




extracts of C,bovis, The hemelogous antigen in

1z

factor pelysaccharide (Goebel, Beeson and Heagland, |
1939).,

£ince this iseagglutinin-preducing antigen
was present in both F,hepatica and T,saginata,
infestation of cattle with F,hepatica might cause
an increase in iseagglutinins which weuld react

with the T,saginata polysaecharide in the precipitin

tests As is the case with the Forssman antigen,

only animals which did net pesséss this iseagglutini)

f=

preducing antigen in their erythrecytes and tissue
cells would develep iseagglutinins as the result of
PFehepatica infestation.

The definition of the bleed greups of
cattle is net yet clearly explained. Little
(1929a,b,c.4) has indicated that at least three
bleed groupe exist in cattle, being dependent on
a single erythrocyte facter, Fergusen (1941, 1947)
claims te have identified seven different
isoagglutinin=-producing antigens in cattle. The
influence of the isoagglutinin-preducing antigen
in P,hepatica in animals with different bleed groups
may explain the irregular appearance eof precipitin
reactions to the T,saginata polysaccharide.

Intradermal Tests.

The results of the intradermal test
indicated that infestation eof animals with ¥, hepstica
influenced the hypersensitivity of the skin te




| was of a group nature,

F,hepatica in the intradermal test, but only a

Ldooe

each infestation elicited the more marked reaction.

It was evident that the hypersensitivity demonstrated

Kellaway (1928) demonstrated that a common
anaphylactic substance existed in P,hepatica and
Tesaginata, the adult parasite of C,bovis., Kellaway
found that the uterus of a guinea pig sensitised teo
T.saginata would react anaphylactically when treated
with extractes of F,hepatieca,

The iseagglutinin-preducing antigen, present
in ¥,hepatica and T,saginata (Oliver-Conzalez, 1946b)
might be respensidle fer such cross reactions neted
in the hypersensitivity tests. This eross reaction

was demonstrated in all animals infested with

pereentagé of animale infested with Fyhepatica showed
precipitins in their sera which rescted with the
Tesaginata polysaccharide. It 1s mere probable that
the cross reactions are due te a common allergen
which is distinct from the iseagglutinin-preducing
antigen.

Summary,

Saline extracts of C.bovis scolices
proved unsatisfactery for the demenstration of
preeipitin antibedies in animals infested with the
cysticercus,

A polysaccharide seluticen of the parent

parasite, T.saginata, demonstrated precipitin
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antibedies in the serum of 4 heayily infested animal.
Meny animals infested to only a slight degree with
Csbovis failed to shew antibedles. It was thought
that the nunmber of eysts in these animals was

insufficient teo establish demonstrable antibedies.
Precipitin reactions to the I,saginata pelysaﬁchariie

occurred in animals infested with P.hepatica, C.bev
infestation being absent. An iseagglutinin-like
antigen in both of the parasites was theught te be
the cause of this cross ieaetien.

Skin hypersensitivity to a saline extract
of C.,bovis occurred in animals infested with
F.hepatica, thus indicating a group hypersensitive

reaction between the two parasites.
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Part IV,
Ascaris lumbriceides.
Materials and Metheds.

Precipitin Neaction.
Precipitin tests and cutaneous tests were

used by Ceventry and Taliaferre (1928) for the
determination ef skin hypersensitivity end precipitin
antibedy preduction te A,lumbriceides infestation in

Hondurean patients, The preparation used in the

tests was a saline extract of the dried and pulveriged

parasites, Positive results were obtained in 807
and 61% of cases with the cutaneous and precipitin
tests respectively. These reactions hewever could
not be correlated with the presence of Ascaris eggs
in the steols. Ceventry (1929), using a saline
extract of Ascaris, was gble to detect precipitin
antibedies in the sera of rabbits and guinea pigs
infested or immunised with A,lumbricoides.

Campbell (1936b) deseribed the preﬁaratian
of a purified polysaccharide compenent of
Aslunibriceides which reacted speeifically with
anti sera artificially preduced against the whele
worm., Later Campbell (1937) impreved the methed
of preparation of the pelysaccharide and repeorted
that this new preparation was highly specific being
capable of differentiating, in the precipitin
reaction, betweén antisera preduced by the pig

Agscaris and the human Ascaris worms.
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Canning (1929) demonstrated that antibedies

against the various individual tissues of ‘

Aslumbricoides possessed & partial specificity of
their own while Oliver-Gonzalez (1946a) has reportes

that many antibedies are present in Asearis 1nfeata&
animals, These antibedies reacted specifically
with the various antigenic portions of the Ascaris

worm mentioned by Canning (1929)., With the

exception of the antibedy produced by the egg tiss
the antibedies possessed no functional (antiparﬁait e)
value, Though the anti-egg serum proved to be the
only functional antibody it was the anti-intestine
serum which displayed most species epeeificity,
Oliver<Gonzalez further demenstrated that polysace-
haride preparations ef the Ascaris worm could be
used te detect antibedies in the sera of animals
infested with Ascaris werms, Since Campbell
(1936b; 1937) demonstrated that such polysaccharide
portions were extremely specific it was decided

to use that compenent ef the Ascsris worm fer the
prbcipitin tests in the present weork,

The preparation of the pelysaccharide was
carriéd eut aceerding te the methed described by |
Campbell (1937), as follows:

Mature A,lunbriceides worms were obtained
fresh from the intestines of pigs which had newly

been slaughtered, The worms were washed well in |
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running water and were then frozen at -10C until
they were hard and brittle, The worms were then
ground in a mortar until a fine pulp was formed.
FPifty grams of this pulp were suspended in one litre
distilled water and heated for thirty minutes in a
beiling water bath, The suspension was then
vigerously stirred until cool and was then acidnlated
to approximately pH 4,5 with glacial acetic aecid.
Twenty cubic centimetres of lead acetate (207) were
added and the mixture placed in the refrigerator
overnight, after which the insoluble material was
centrifuged out and discarded, The remaining
solution was added te 1.2 volumes of 95% ethyl
alcohol,. The resulting preecipitate, which
concisted chiefly of carbohydrate was remeoved by
centrifuging and was dissolved in 0,1% NaCl solution,
This solution was centrifuged for 45 minutes teo
" remove any inseluble material. Farther purification
was carried cut by fractional precipitation with
987 ethyl alcohel, The alechel was added until a
faint but definite precipitate was formed, This
precipitate was discarded because, although it
consisted chiefly of carbohydrate Campbell (1937)
has stated that this portion was frequently biuret
pesitive, The remasining solution from this partial
precipitation was then precipitated by the additien
of one volume of 95% ethyl alcochel, The resulting
precipitate was collected and redisselved in 0,1%
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saline, The solution was centrifuged te remeve
any insoluble material. This precedure was

repeated until a sample of the resulting selutien

showed no evidence of precipitatien when the pH ‘
was lowered teo approximately 3.0 with a selution

of 10% phesphotungstic acid and 3% sulphuric acid.
The final solution was precipitated with an equal

volume of alcohol and collected by centrifuge.

The precipitate was washed with distilled water and

l

|

|
was then dried and weighed. The yield of i
polysaccharide from 50 grams of fresh Ascaris was !
l

70 milligrams,. The pelysaccharide was then
dissolved in saline to give a concentration of 1 |
part polysaccharide to 1000 parts saline. This
solution was then centrifuged and stored in the
frozen state at -10C. For the precipitin test the
polysaccharide solution was diluted in saline by
twe doubling dilutions to give three dilutions ef
1:1000, 1:2000 and 1:4000,

Blood was eobtained from pigs as they were
slaughtered, The sera were allewed to separate
off from the bleed overnight and were centrifuged
for 30 minutes before use in order to produce
clear products,

The precipitin test was carried out in

narrow tubes (5 x 32 m.m. ). The various antigenic

dilutions were carefully layered over the samples of
[

sera so that a clear line of demarcation was produced.
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The tubes were then incubated at constant
room temperature for one hour and they were then
examined. A positive reaction consisted of a
fine ring or plane of precipitate at the interface
of the two fluids. The degree of reaction was
estimated from the densgity of the ring of precipitate

and designated as follows:-

? doubtful
+ slight precipitaetion
et moderate precipitation
+4d strong precipitation

A control tube conzisting of serum and
saline was made up for each set of precipitin tests,
In addition a positive serum was tested with each
set of sera in order to determine the effectiveness
of the antigen,

Intradermal Test.

Wilkening (1937) carried out skin tests
on pigs for thefletermination of hypersensitivity
te A.lumbricoides inf'estation. The preparation_
used for the test was the saline extraect of the
dried and powdered uterus and intestine of the
Ascaris worm. The results ef the examination
indicated that there was no correlation between
the skin reactions and helminth infestation as

determined by facces examinatien.

Coventry and Taliaferro (1928) ebtained
similar results with the skin test when they used
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a saline extract of Ascaris to determine hypersen=
sitivity to Ascaris in Hendurean patients.

Canning (1929) has demonstrated that the
Ascaris intestinal tissue 1s the most species
specific tissue of the worm. Oliver-Conzalez
(1946a) showed that anaphylactic reactions could
be proveked in guinea pigs, sensitised teo Ascaris,
by means of the ceelomic fluid and saline extracts |
of the intestine of the Ascaris worms Ko

anaphylectic reactions were noted with the saline

extrasts of nther tissues of the werm (cuticle,
muscle, egg and sperm tissues). In this examinatié
it was decided to utilise the Ascaris intestine for:
intradermal hypersensitivity tests and a saline ;
extract was prepared as follows:=

The gut of the Ascaris worm was removed

from both male and female worms of the species and |
as much as possible of the intestinal centents ?
removed by gently squeezing the gut on a tile with i
a glass rod. It wae then washed in several changeé
of water and subseqguently dried for twe days at ;
37°c., The dried material was reduced to a powder |
in a mortar and the powder extracted with saline

in the preportion ef 1 gram of powder to 100cc of
saline. Extraction was carrled out for 10 deys ati
49C the mixture being shaken at frequent 1ntervala.i
After extraction the suspension was centrifuged and |

the insoluble material discarded. The clear remaini

n

ng
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fluid was recovered and phenel was added to give
a concentration of 0.5fs The material was placed

in lcc bottles fitted with a rubber stopper and

stored in the refrigerator at =109, |

Two control selutions were used, one of |
0.5% phenel in saline and one of a 1% peptone ]
solutien with O0,5% phenel added, These were atoreé
in the same way as the saline extract of the Aacarié
intestine,

The injections were made with a "Record"
type dental syringe with a graduated plunger shaft
s0 that a regulated amount of fluid could be
delivered. After thorough cleansing eof the site,
Os1lcc of the specific antigen was injected
intradermally into the loeose feld of skin at the

base of the left ear, the right ear being similarly
used for the centrel solution. -
The reaction was observed at 15 and 45 i
minutes and again at 18 hours after the injection. i
Measurements were made by means of callipers |
graduated in millimetres.
- Reactions.
The immediate response to the injection of
both solutions (test antigen and centrel selutien)
was the productien of a wheal 3-4mm in diameter,

%Within a few seconds this had increased in area and‘

become somewhat flatter; 4in addition & zone of

erythema had begun to develop, increasing the
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diameter of the affected area to 6-8mm, In the

case of the non-gpecific solutien thié reaction

disappeared within 10 minutes. "hen the pig showe

hypersensitivity to the Ascaris extraect the early
reaction with the specific antigen was usually
replaced within 45 minutes by an area of
discoloration varying frem light red to deep
purple, At the peint of the injection the skin
sometimes became black, - This gbnenmal colour,
which varied in diameter, usually disappeared
within 6 hours, but where the reaction was streong
discoleration was still obvious at 18 hours,

In a few cases an atypical reaction
developed in which the eriginal wheal increased
in size, being surrcunded by a zone of erythema,
This increase in wheal area was maintained for
approximately one hour,

Where no hypersensitivity to Ascaris was
displayed the specific antigen produced only a
transitery wheal with a small area of erythema,

In a few cases no reaction to the specifie
antigen was apparent at one hour but the reaction
followed several hcurs later, being a "delayed
type" of reacticn, In this case a reaction was
evident at 18 hours consisting of central dark
red or purple peint surrounded by a wide zene of
erythema, The colour of this erythema varied from

licht red te light purple,

a
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|

Initially intradermal tests were carried !
out with a 1«1000 dilution of the Ascaris extract. |
However this dilution was not so saticfactory as
the original 1-100 dilutien in preoducing the skin
reactions and conseguently all further work was
carried out with the 1-100 saline extract of
Ascaris 1nteétine. . .

As Flilleborn (1929) has reported that the
substance responsible for the skin reactions in
hookworm and Ascaris infestations ls heat stable,

a portion of the 1-100 Ascaris antigen was acated
for 30 minutes at 100°C in a water bath. This

heated portion was used for the intradermal test, |
in conjunctien with the unheated extract, on 25 pigﬁ.

In addition to the control injectiors of '
phenéliaed saline and peptene solution a series of .
intradermal injections were carried out with a !
1-1000 seolution of Ascaris polysacoharide as g
prepared for the precipitin test. The polysacchar¢
ide was used in order to determine its ability to
produce skin reactions.

Intradermal tests were also carried out
with a 1-100 saline extract of F,hepatica, as
prepared for the intradermal tests in F,hepatica
infestation in cattle, The F,hepatica extract was

used to determine the relative specificity of the

reactions occurring with the Ascaris extract.

Post Mortem Examinatien.
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The pigs which had been subjected to the

intradermal test were numbered during the test and |
subsequently were slaughtered separately. The
carcase and viscera of these animals and of those
from which bleod had been taken for the precipitin
teat were exaﬁined,

The liver of each pig was examined for
signs of chronic focal interstitial hepatitis
(whiﬁe spot) which Oldham ahdtﬂhite (1944) asecribe
t> the migratien ef the larvae of A,lumbriccides
in the iiver. The lungs were palpated and incised
to detect uggaggraggxlué SPPs infestation. The
small intestine of each pig waa palpéted threughout
its length to detect the adult A.lumbriceides,

A rectal sample of faeces was taken from each pig
and examined by the smear method for Ascaris eggs
and the eggs of other bewel helminths.

The rest of the viscera and the carcase
was examined for other helminth and bacterial
diseases., The age of the animal was estimated
from an examination of the canine and incisor teeth.

The state of nutrition was noted.
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Results

Precipitin Reaction.
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Teble I 1 ®
Percentage of sera from animals with

- different degrees of chrenic focal interstitial

hepetitis which gave pesitive precipitin reacticns.

Chrenic Focal Interstitial Hepatitis.

Slight. licderate Marked.
Peme;}tmea 16. 6% 47. 36% 72. 72%
Humber of
ﬁim«alg
wxamined. 60 19 11

|
Tables I and II indicate that the sera of
animals which showed chrenic fecal interstitial
hepatitis only occasienally showed the presence of
precipitin antibedies. The presence of adult
A, lumbricoides worms in the intestine did net

appear to influence the reactions, The percentage

of sera showing positive precipitin reactions tended
to rise as the degree of interstitial hepatitis |
increased,

Other helminth infestations (M.apri and |
Oesophagestomum dentatum) which were present in a E

few animals did net appear te influence the

reactions.
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The heated saline extract was used in
conjunction with the unheated extract of
Aslumbriceides intestine. The reactions cccurring
with the heated extract were identical with those
produced by the unheated extract. Consequently the
heating of the saline extract at 100°C fer 30 minutes
did not reduce in any way its ability te induce
hypersensitive reactions.

In order to determine the relative
specificity of the reaction produced by the
Aslumbriceides extract, the fellowing 57 animals i
were subjected te the simultaneous intradermal ‘
injection at different sites of Ascaris extract |
and & 1-100 saline extract of F,hepatica (as used
for the intradermal test in F,hepatica 1nfestation)J

Teble IV. ‘

Comparison of the Reactions occurring in |

pige following the intradermal injection of:=
a. Saline extract of A,lumbricoides intestine

b, Saline extraect of F,hepatica.

Antigeno
2 B
Negative or Slight
Reac;;en. 11 44
Purple area or whesal '
S5=9mm, 8 10

Purple area or wheal

Purple area or wheal

20mm and over. 18 -
Total, - 57 67

Neone of the above pigs was infested with
. hepatica,
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The resulte presented in Table IV indicate
that, with the exceptien of 3 animals, thirty eight
pigs which gave markedhypereensitive reactions to
the Ascaris extract failed to show such reactions
te the intradermal injection of F,hepatica.

In order te compare the ability of the
protein and pelysaccharide cempenents of
A.lunbriceides te preduce hypersensitive skin
reactions in pigs the fellewing eleven pigs were
subjected te the simultaneous intradermal injection
of these twe components, The resulting reactions
are presented in the follewing table V,

Table V.

Cemparison of the reactions eccurring in

pigs folleowing the intradermal injectien of:=
as 1=100 saline extéact of A,lunmbriceides

intestine,
bs 1-1000 solution in saline of A.lumbriceide
polysaccharide,
Antigen. |
Reactions,. _8s b :
Negative or Slight |
Reaction. _ : 1 6
P e aresa Yhea
S=9vm, - 1

Purple area or Wheal |
IQEE%QE- 5 3 .

Purple area or \"heal
20mm & ever. 6 1

Total. 11 11
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Table V indicates that the polysaccharide !
compenent of A,lumbriceides is much less aatisfactoﬁy
than the saline extract in eliciting hyperaenaitive;
reactions, I

Discussion.

Precipitin Meaction.
The results of the precipitin test in

pigs indicate that of 923 snimels examined only 27 |
animals showed precipitin antibedies in their sera.
The eccurrence of these antibodies was independent
of the presence of mature A,lumbriceides in the
intestine., This finding was in agrecment with thaﬂ
of Coventry and Taliaferro (1928) who found that
preecipitin reactions eccurring with the sera of
Hondurean natives were independent of the presence
of Ascaris eggs in the stools.

As Coventry and Taliaferro (1928) were
limited to stool examination for the determinatien

of infestation by Ascaris ne correlatien could be

attempted between the serological findings and peost
mortem evidence of Ascaris larval migration. In
this examination it was poesible te determine the
degree of chronic focal interstitial hepatitis, |
which Oldham and White (1944) aseribe to the |
migratien of Ascaris larvae in the liver, It was
found that as the degree of interstitial hepatitis \
increased the peicentage of animals which showed |

precipitin antibedies in their sera also increased.
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It appears probable therefore that the
migration of the Asecaris larvae through the hest,
prier to their establishment as adults in the
intestine, was largely, if not wholly, responsible
for the productions of antibodies.

Antibody formation to A,lumbriceides

infestation has been demonstrated in experimental
|

animals in which the adult parasite dees not heoamoi

established. Thus Coventry (1929) reported that
precipitin antibodies can be demonstrated in rabbitd
and guinea pigs infested with Ascaris. The
precipitin content of the sera varied greatly frem
time to time, but precipitins were observed to
persist for at least 8 months in rabbits.

Blackie (1931) has demonstrated, by means
of the complement fixation test, that rabbits
infested with Ascaris megalecephala showed a !
definite immune response during the migratory stage|
of the parasite. This response faded after the
migratory phase had been completed. ‘

Oliver-Gonzalez (1943) found that the sera

of rabbits infested with Ascaris caused circumlarval
precipitates around the larvae of Ascaris when |
these were incubated in sera from infested animals.
Thie circumlarval precipitate reached its maximum |
on eighteenth te twenty first day after infestation
(i.e. when the larvae were undergoing migration).

Some evidence of the precipitate was demonstrable in
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a few cases on the one hundred and twenty sixth

day after infeatatien.
In anether study Oliver-Conzalez (1946a) E
demonctrated that the precipitin reasction oceurring |
during the infestation of rabbits with Ascaris
showed an increasse in tltre after the seventh day.
The titre reached its higheet point en the thirty
fifth day, thereafter falling to a low titre on the
forty second day after infestation, During
reinfestation the titre again rose but later fell, |
The infestation cf experimental animels
(rebbits and guinea pigs) with Aslumbricoides
results in the migration of the larvae through the
tissues of the animal but no adult parasites
become established in the intestine., Consequently,
as such animals preduce antibedies during Ascaris
infestation, the presence of the adult parasite is

not necessary for the productien of antiboedies.

The results of this examination alse |
indicated that the presence of precipitin anttbodieé
was independent of mature parasites but that the
degree of chrenic focal interstitial hepatitis borel
a relationship to the antibody preduction.

| The entibedy will tend to very quantitatively
according to the degree of infestation and m&grat?onh
The peraistence of this antibedy se produced will |
|

be influenced by the peried of time which hee '

elapsed since it was formed. The persistence of the
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antibedy in naturally infested animals may however

be influenced by the natural reinfestation of the
animal, This reinfestation will have the effect |
of inereasing the antibedy level and adding to the
duration of the antibedy in the blood. Sueh an

effect was demonstrated by Oliver-Gonzalez (1946a)

when rabbits were reinfested with Ascaris.

A slight quantitative difference in antibedy
was noted in this examination,since animals markedly

affected with interstitial hepatitis showed a greater

degree of strong precipitin reactions. The majerit

of the animals in the examination were between 9 ‘

and 12 menths of age, The age at which 1nfestationi
occurred was unknown; censequently the time which |
antibodies persisted in the bleed could net be
determined, However twe animals which.ahowed
precipitin antibedies in their sera were aged 1%
years. Both pigs which sheowed marked interstitial
hepatitis,. The persistence of antibedy in these |
twe animals may have been due te a strong initial
antigenic stimulus or to the stimulating effect of
reinfestation.,

The Intradermal Test.

The results of the examination indicate

that the majority of the pigs examined chowed |

|
evidence of skin hypersensitivity te A,lumpr&ce;dea#
Only approximately 50% however showed a marked '

reaction (a purple area or wheal lO0rm or greater in

y
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!

diemeter), i

As was the case with the precipitin reacti%n

the presence of mature A,lumbriceides in the E

intestine did not appear to influence the raactianai

Wilkening (1937), who used a skin reaction to detect
hypersensitivity te Ascaris in pigs, found that

there was no correlation between skin reactions and

the presence of Ascaris eggs in the faeces, Similar

results were reported in humans by Ceventry and

Taliaferro (1928).

When the post mortem finding of c¢hrenie i
focal interstitial hepatitis was considered with i
the hypersensitive reactions it was evident that, i
within limits, animals with a more marked 1nterat1t£a1
hepatitis pocsessed a greater degree of
hypersensitivity.

Thus it appeared that the migration of the

Ascaris larvae was responsible Tor the develepment
of hypersensitivity« The presence of the adult }
Ascaris in the intestines did net appear to produeei
or maintain a skin hypersensitivity. Laurell
(1927) has postulated that the migration of Ascaris
larvee in the tissues of the hest rendered the host
hypersensitive, Hypersensitivity has been shown !
to occur in Asceris infested animals where the adult
worm did not become established, Thus Coventry ;
(1929) demenstrated that rebbite and guinea pigs

infested with Ascaris showed cutaneous reascticne
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(delayed type) follewing the intracutaneous
injection of Ascaris extracts, The reactions varied
in intensity but persisted for months after the
disappearance of the parasites from the infested
animals, Kerr (1938b) determined that guinea pigs
which were subjected to a reinfestation with Ascaris
showed marked cellular reactions in the liver and
lungss These reactions were attributed to a
“hypersensitivity phenomenon, They were net evident
in animals undergoing initiel infestation. Cliver-
Genzélez (1946a) has reported that anaphylactic
reactions were present in guinea pigs sensitised to
A.lumbriceides, either by infestation or passive
gensitisation, when injected with the ceelomic
fluids or extracts of the intestine of the Ascaris

WOri.

The persistence of hypersensitivity in
Ascaris infestation appears to vary a great deal.
Plilleborn (1926) has stated that sensitivity may E
persist for 4 years after loss of the adult parasite+

Maternowska (1988) states that the skin reaction in |

Ascaris infestation may persist for 4 to 16 months
after less of the parasites, As the majority of

the pigs in this examination were between 9 and 12 |

; months of age 1t weas not pessible to determine how
long hypersensitivity could persist. {

| The hypersensitive ztate will tend to vary !

quantitatively with the degree of the infestation
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which induced it. This was demonstrated to a '
certain extent in this examination in that pigs with
a greater degree of focal hepatitis showed a higher

percentage of marked hypersensitive reactions,

Animals which had undergone only a light i
infestation of A.lumbricoides may have lost after
a short time, any hypersensitivity which they might‘
have developed. Taliaferre and Sarles (1839), who |-
stulied the humeural and cellular factors resulting ‘
from Nippestrengylus muris infestation, mentioned !
that the immunity expressed by various tissues was !
dependent on the degree of infestation, Thus the i
intestine was the first te beceme immune, fellewed I
by the lungs, and finally the skin became 1nvolved.!
This phenemenon of the production of generalised |
immunity in definite stages or steps might be ‘
evident in A,lumbriceidesg infestation., It is known
that a hypersensitive type of reaction occurred in i
the liver and lungs of gulnea pigs following
reinfestation with Ascaris (Kerr 1938b), It is
possible that in Aslumbriceides infestatien
sensitisation of the skin feollows sensitisation of
the liver and lungs. Where an animal has enly
suffered a light infestation skin sensitisation may
be absent though the liver and lungs are sensitised
to & varying degree. !

It is interesting to nete that in eight |

enimals an immediate type of reaction was missing
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but was replaced by a delayed (24 hours) type of
reaction. Such delayed skin reactions have been |
reported in humans (Spink 1937). Spink demonstrated
that in the early stages of Trichinella infestation
the skin reaction was of the delayed type, while i
from the second week enwards the reaction became i
immediate in nature. Similar reports concerning
the development of the skin reaction in T,spiralis
infestation have been made by Maternowska (1933),
MacNaught, Beard and liyres (1941) and Spaeth (1942).

Jones and Mote (1934) and lMote and Jenes
(1936) sensitised humans to the peritoneal fluid of:
rabbits. They noted that the skin sensitivity, as |
demonstrated by intradermal tests, was first evident
as a delayed, 24 hour, reaction. Later this delayéd
reaction was replaced by an immediete type of
reactien., The skin sensitivity was lest in the
reverse order. The immediate type of reaction was
replaced by the delayed reaction, this latter being
finally lest., Dienes (1936) showed a similar effect
when guinea pigs were immunised with white of egg
er horse serum,

Franck (1940) has reperted that a delayed
type of skin reaction was evident in Ascaris
infestation in humans, This delayed type eof
reaction was manifest when immature males or females
alone were present, that is during the early stages

of infestation. Ceoventry (1929) reported a delayed



type of reaction in rabbits and guinea pigs infeateq
with Ascaris.

It seems probable, therefore, that skin
hypersensitivity becomes established in a similar f
manner te that in T,spiralls, being first delayed

in character and then becoming immediate.

The eight animals, in this examinatien,
which demenstrated a delayed type of skin reaotien,'
were pessibly in the latter stages of hyperaenaitiv%ty
when the immediate reaction was replaced by the
delayed type prier te the total disappearance of
hypersensitivity. Maternoewska (1938), however,
has reported that the early (immediate) type of
reaction in Ascaris and other infestations of bowel
parasites may., after a perioed of time, become two
phase (this being characterised by an immediate
reaction which is fellewed in 18 to 24 hours by a
delayed reaction). She postulated that this was
due to the resorption of protein material from the
helminths in the bewel.

In the eight cases mentioned a marked early
reaction was net evident, merely the transitery
erythema as neted in the contrel selutions. However
it is pessible that the migration of newly acquired
larvae would preovide the pretein reserption required
for the develepment of this reaction, if Maternowska's
theery is accepted,

Heactions with the heated antigen were



150,

identical with those induced by the unheated Ascaris
antigen, This was indicative that the component of |
the worm responsible for the hypersensitive reactions
was heat stable, This was in accerdance with the
views of Flilleborn (1929).

Reactions preduced by the purified
polysaccharide component of A,lumbriceides were net
comparable withthose evident at the site of the |
saline extract, Censequently the pelysaccharide
component of Ascaris was not satisfactory for
eliciting hypersensitive reactions. Pirosky,
Piresky snd Casiraghi (1942) demonstrated that
polysaccharide preparations of hydatid material -
produced poor antigens for the skin test in hydatid
disease, while protein preparations proved the most
satisfactery antigens.

Reactions eccurring to the intradermal
injection of a saline extract of F,hepatica were, iﬁ
the majority ef animals, either of a negative or
very slight character. A few animals (3) showed a
marked reaction to the F,hepatica extract. These
three reactions eoccurred in animals which gave a
very marked reaction to the Ascaris extract (purple
areas 30 x 40mm; 38 x 40mm end 20 x 12mm), It is
possible that a phenemenon comparable to that
reported by Lewis and Loomis (1928) may be responsible
for this reaction with the ,hepatica extract.

Lewis and Loomis reperted an increase in reactivity
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of the skin te non-specific irritants in animals
which pessessed a marked degree of skin sensitivity to
tuberculeprotein,

Eisenbrandt (1936, 1938), whe utilised
sereological tests for the determination of taxenemic
relationships of variocus helminthe, reported that
A, lumbriceides var.suum and T.pisifermis possessed
a relationship of 0,03% (when the %1trea of the
preeipitin tests were expressed as a percentage of
the homologous titres), The relationship between
Tepisiformis and F.hepatica was 0,65%. This
is indicative that F.hepatica possesses very little
seroleogical similarity to A.lumbriceides.

Infestetion of pigs with M.apri and
Oesephagostomum spps did not appear to influence
the development of hypersensitive reactions. Fifteeh
of 21 pigs infested with QO.dentatum gave no reaction
to the skin test, Four pigs infested with M,apri
also failed te react.

Surmary.
Precipitin antibedies were present in the

sera of only a few pigs. These antibedies eoccurred
independent of the presence of mature woerms in the
intestine.

The sera of animals which showed marked
chreonic focal interstitial hepatitis showed a
greater percentage of pesitive precipitin reactions

than the sera of animals having a lighter degree of
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focal hepatitis.

The majority of pigs examined possessed
skin hypersensitivity to A,lunmbricoides. This.was-
more marked in tpe greups of animals which were |
affected with a medepate or marked degree of chronic
focal interstitisl hepatitis then in the groups which
had e lighter or no degree of focal hepatitis.

Skin hypersensitivity was independent of the
presence of adult worms in the intestine,

A pelysaccharide compenent of A,lumbriceides,
which was used for the preecipitin tests, proved

unserviceable for the demonstration of hypersensitive
reactions., |
Delayed reactions were evident in some |
animals and it was thought that these indicated the
process of skin sensitivity being lest.
Fxtracts of F,hepatica generally preduced

no hypersensitive reactions in pigs.
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Part V.
Dictyecaulus viviparus.

. Materials and Methods.
During thies examination it was hoped to

|
|
carry out serelegical tests (Complement fixatien ‘
|

and Precipitin tests) on the sera of animals

Dictyecaulus viviparus. However, such animals did

not become avalleble and censequently the werk was

confined to a study ef the hypersensitivity preoduced

by Dsviviparus infestatien.

The Intradermal Test.
Hudson (1951) utilised a skin test and a

complement fixation test in cattle clinically
infested with D,viviparus. These tests met with

limited success, the period during which the animalq

reacted being very limited. Older animale which |

were infested with the parasite appeared to be more:
likely te react to the tests than snimals undergeing
their first infestatien. The preparation used for
the tests wag a partially purified polysaccharide
prepared from defatted dried werms.

Allergic phenomena have been neted in i
Trichestrongyleidea (Haemenchus cgntgrtug)infentati#n
in sheep by Stell and Nelsen (1930) and Kholoahcaneﬁ
(1980)s These authers utilised saline extracts ofé

the parasite for the skin tests,
As this work was initiated before the
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|
|
report by Hudsen was available the preparation used
for the intradermal test was asaline extract of the
dried and pewdered parasites, prepared as follows: |
Mature D.viviparus worme were obtained
frem the brenchi and bronchieles of an infested
animal after death, The werms were washed well
in running water and were then placed in a sterile
petri dish and then dried at 37°C for 48 hours.
The dried material was reduced to a powder in a
mortar, The powder was then extracted with saline
in the preportion of 1 gram of powdered worms to

100ce of galine. Extraction was carried out for

10 days at 4°C, the mixture being frequently

shaken, Subsequently the suspension was filtered i
and centrifuged end the insoluble material discarded,
The supernatant fluid was passed through a "Pyrex" |
microfilter and placed in lce bottles fitted with ‘

a rubber stopper. These bottles were stored in the‘
refrigerator at -10°C. |

A similar extract was prepared from |
De.filaria, the lung worm of sheep. This extract
was used for intradermal tests in sheep and in some
instances in cattle.

In order to determine whether the
hypersensitive skin reactions eccurring in cattle
were specific and independent of sensitisation

produced by infestation of stomach helminths, saline

extracte of the common stemach parasites were



i
eentrifuged (3,000 r,pem. for 30 minutes) and the |

109

prepared as follews and used for intradermal tests
in cattle, |lMembers, male and f'emale, of the

species Hscontortus, Trichestrongylus exei and
Ostertagis ostertagi were collected from the abomaadm

of sheep and cattle. The helminths were separated
from the stemach contents by means of sleves and

by removal of the werms by hand frem a suspensien uq
the stemach contents, The worms thus isolated were'
washed well in running water and were :ien dried on
filter paper. After weighing the worms were ground

to a fine emulsien in a mertar, sterile glass wool

being add=d to assist pulverisation, ©terile |
saline was then added to the emulsion in the i
proportion of 100cc of saline to 1 gram of the

fresh worms. The diluted emulsion was then

supernatant fluid was passed threugh a "Pyrex"
microfilter and placed in lece bottles fitted with a

rubber stoepper. The bottles were stored in a

refrigerater at -10°C, |
A 1% selutien of peptone was used &8s a |

contrel solutien in all tests te ascertain the degree

of skin sensitivity, if any, to simple trauma or

the presence of 2 foreign substance in the tissues,
The intradermal injections were made with

8 "Record" type dental syringe fitted with a

graduated plunger shaft se that a regulated amount

of fluid ceuld be delivered, Separate syringes were
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used for the different antigen solutiens and the
syringes were cleaned and sterilised after use daily.

Injections of the antigenic material were
made intradermally, in O.lcc amounts, at the
selected sites., These sites were the same as those
selected for the intradermal tests in Fj hepatica
infestation; namely the inside of the right hind
leg in sheep and tﬁe middle third of the neck in
cattle, The methed of injection was the same as
for the intradermal tests in F,hepatica infestation.

Rgagtlong;

The reactions occurring with the 1ntraderm&1
injections of D,viviparus and D,filsria extracts
were essentially the same as those occurring with
the Fyhepatica extract. In sheep the reaction [
consisted of an elevated wheal surrounded by a zone ?

of erythema which varied in dismeter, The reaction
in sheep was measured one hour after the injection
of the fluid,

In cattle an eoedematous infiltratioen of the

skin develeoped at the site of injection after the
initial wheal fermation. This reaction reached its :
maximum in 4 hours, being maintained for a further

2 to 4 hours, but by 24 hours the reaction had
disappeareds The site of the reaction at 24 hours
was marked only by a slight thickness of the skin.
The reaction in cattle waes observed four hours after

the injection of the extract, the fold of skin at



157.

the site being measured by callipers.

Histological examination of the skin
reaction was identical with that deseribed for the
intradermal reaction in F.hepatica infestatien.

This consisted of a marked perivascular infiltration
" of eosinophilic pelymerphenuclear leucocytes
together with a marked oedema of the dermis. This

infiltration of eosinophils was noticeable as sarly?
as 20 minutes after injection of the antigenic |
material. Beth reactions therefore appear to be
hypersensitive reactions ef the anaphylactic type.

The reactions with the pepteone solution
were similar to those recorded for the peptone
control solutien used in the intradermal tests in |
Pshepatica infestatien, These were of a very
insignificant nature,

ost Mort nation.

All animals were numbered before the

intradermsl injections were made, After slaughter

the viscera and carcase of each animal were ;
examined, The lungs were examined mtornscopically!
for D.viviparug infestation or in the case of i
sheep for D.filapria infestations The main bronchi;
and brenchieles were incised and examined for adulti
worms, The surface of the lungs was examined fer
the presence of small wedge shaped areas of !
consolidation, especially aleng the dlaphragmatic

border, Such areas are frequently assocliated with



Dictyocaulus infestation. ;

Where no evidence of mature parasites was !
found a portion of the lung tissue was removed and !
together with the mediastinal and several mesenteric

lymph glands was minced through a household mincer,

The larvae of the lung werms were cellected by the i
Baermann technique as follows: A glass funnel |
closed at the bettem by clamped rubber tubing wes
fixed in a metal water jacket. A cireular piece
of wire gauze was placed in the funnel and on it a
plece ef fine muslin, The minced lung tissue and
lymph glands were spread out on the surface of the
gauze and then water at 40°C was poured dewn the
side of the funnel until the lung tissue fleoated.
The whole apparatus was kept at 40°C for 4 hours.
After this time a sample of the fluid was drawn off
at the clamped tubing and examined for evidence of
larvae,

In a number of animals (20 cattle and 30
sheep) an examination was made to determine the
presence of stemach parasites. In these animals
the abomasum was opened and the contents remeved.
The surface of the mucous membrane was seraped with
a knife and the scrapings added te the stemach
contents, The contents thus ebtained were mixed

with water to give a fluid consistency and they were

then passed through a sieve (mesh 5mm) to remove

coarse particles, The resulting finer suspension
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was then passed through & finer sieve (mesh 1.5mm),
Samples of the sieved suspension were placed in a |
large, flat, shallew dish, with a matt black
surface; the sucpension was allowed teo settle and
it was then examined for the presence of stomach |
worme, The sieve was rewasshed in a dish of water w
and the washings examined for parasites, Vorms
collected by this methed were identified under
the micrescepe.

A note was made of other paresitic and
bacterial diseaser present in the organs and

carcase. The state of nutritien of the animal was

neted. The age of the animal was ascertained by an

examination of the incisor teeth, - .

Regults,

Table I,

Prequency Distribution ef enimels (cattle)
shewing the fellowing increase in skin thickness |
(in mm's) after the intradermal injection ef 0.lce
ef 1-100 saline extract of D,viviparus, (134

enimals examined),

1-2 1 1 1 3 1
3 o 2 2 1
4 5 1 1 5 1
5 1 1 4 1 5 3
6 1 2 6 5 4 2
7 2 4 6
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Teble I. - Continued.

Skin Increase. Grou (In Years)
n mem,'8 Oell 1le2! 3;_§1 Br=di 4t=B% 51 & Over

8 : | 3 4 2 2 i
1 3 2 |
190 1 3 7 |
11 2 1 3 2 ?_
12 | 3 3 i 2 1 j
13 2 2 |
14 1 2 1 2
15 & ever, 2 2 1l

Tetale 8 24 88 10 38 16

The most frequently eccurring ebservation

is the inerease in skin thickness of 6mm (Modal Value).
Teble II.
Teble shewing the percentages of animals
in the various age groups giving reactions at er
ebove the Modal Value (6mm).

Age Group (In Years)
9=1% 1i-p! 23-3% Bi-4} 43-5% 5% and over.
12.8¢ 682.5% 8l.B7E T0.,04 68.5¢ 68,8%
(8)  (=24) (s8) (10) (38) (16)
Figures in parenthesis denote the number of .

animals examined in each age group.
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Polygon comparing the percentage of animals in
the different age groups which gave reactions at or
above the "Modal Value" (6mm).
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| This infection did not appear to influence the

development of the reactions.

D.viviparus and D,filaria are clesely related, if

1028

|
|
|
In Teble I only two cattle showed evidence
of infestation with D.viviparus, larvae being

isolated from the lungs by means of the Baermann

technique, The increase in skin thickness in theuﬂ
two animals was 10mm and l4mm.

Twenty-five cattle showed small areas of
lung collapse on the borders eof the lungs but no
adult or larval worms could be isoclated from these
areas, Histological examination showed ne evidence
that these areas might have been due to lung werm
infestation,

8ix cattle were affected with tuberculosis.

Thirty cattle were subjected to intradermal
tests with D.filaris extract at the same time as
intradermal tests with the D.viviparus extract, The

reactions produced by the two extracts were identical

indicating that the hypersenstivie proteins of

not identical.
The fellowing twelve cattle were subjected

to intradermal injections with Dietyecaulus extract
and with an extract of abomasal paraaites; The |
abomasal contents of esch animal were examined for |
helminths after slaughter. The results are presente#
in teble III, ‘
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Table III.
Comparison of the Reactions occurring with
a.) 1-100 saline extract of D.viviparus
and

b.) 1-100 saline extract of stomach helminths |
(H,contertus, T.axei and Q.estertagi). ‘

Skin Increase (in mm's.) 8kin Increase (in mm'ﬂ'.)

to extract a.) extract b |
11 2 |

7 4

11 4

Age group 9 0
2Le3t yrs. 8 4 E
14 6 |
i
1 : ;
12 4 ‘
Age group 9 3 é
41-5% yrs, 6 3 :
¢ 3 |

5} 3

Average skin
i increase 8,08rmm, 8, Omm,

None of the above animals showed the
presence of helminths in the abemasum.

The sbove table indicates that the skin
reactions produced by the Dictyecaulus extract were

independent of any sensitisation preduced by |

' stomach parasites.
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|
|
|
In additien teo the sbove 12 animals the !
abemasal contents ef a further 8 cattle, which had }
reacted to the D,viviparus extract, were examined |
for the presence of stomach helminths. DNone of i
these animals showed the presence of abemasal
helminths,

Thirty sheep were examined by the intrade 1l

test using the saline extract of D,filaria. All

the sheep were examined for the presence of adult

worms and larvae of the three species of lung |

worms (D,filerias, Muellerius cepillaris end
Protestrengylus rufescens). The sbomasal contents

of 15 of the sheep were examined feor the presence
of helminths.
The results ef the examinatien are

presented in the table IV,




L00e

Table IV,

Frequency “istribution of Reactions

occurring in sheep te the intradermal injection of

. Dictyocaulus filaria extract (1-100)

e of Infe n. Reactions.

Wheal Wheal |[Neg.
10mm & ever 5-9mm

Lambs.
(27)  D.filaria enly (4) & 1
Meecapilleris an%g)

5 1
D,filaria and
li,capilleris (8) 2 1
Ne lung werm infestation
(14) 2 1 11
Ewes.
155 Mecapilleris only
(2) 2
Ne lung werm infestation
(1) 1
(15 animals)
Abomasal parasites present
?10) 6 4
Ne abomasal parasites
present (5) 3 2

The figures in parenthesis indicate the

numbers of animals examined in each group.
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D ng ussioen.

The results of the intradermal tests en i
cattle indicated that the majerity of adult cattle
were hypersensitive te extracts of D.vivipsrus.
The incidence of animals showing streng positive
reactions was highest in the age greup 2% te 3% yeanr
In only two animals was it pessible to correlate
the skin hypersensitivity with the presence of ‘
parasites, In other cases old standing leéiena
of pneumonia were feund but these shewed ne evidence
of being parasitic in erigin.

As no c¢linically infested animals were

available for examinatien it is impessible te state

what degree of hypersensgitivity eccurs in such
enimals, Hudsen (1951), however, has reported a
hypersensitive skin reaction in c¢linically infested
animals fellowing the intradermal injection ¢f an
extract of D,viviparus. The peried during which
the animals reacted was limited. Animals tested
several months after recovery frem an attack eof

parasitic bronchitis did net react.

In contrast to Hudsen's repert it was
found in this examinatien that lambs infested with
Defilaria usually did react to an intradermal i

!
injection of a saline extract of the causal parasite
(6 of 7 infested lambs gave a marked reaction, see |
Table IV.). Suech lambs could only be undergeing

their first season's infestation and it was apparent
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that this initial infestation, even though sub-

clinical in nature, was sufficient to induce
sensitisation of the animals,

2ince the incidence of hypersensitive
reactions increases with age to a maximum at the age
group 2% te 3% years, it is suggested that repeated |
seasonal reinfestation of animals at grazing may be

a factor in maintaining eor inereasing hypersenaitiviky

to Deviviparus.

Hudson (1951) and Tayler (1951a) have
recorded outbreasks of parasitic bronchitis in adult
cattle. Taylor (1951b) was of the epinien that |
Deviviparus infestation could sensitise the lung |
tissue of the bovine and that the invasien of such |
sensitised lung tissue by D,viviparus larvae would
precipitate an allergic reaction resulting in the
elinical manifestation of parasitic brenchitis.

Kauzal (1934) has shewn that the exposure of lambs
to Dsfilaria infestation resulted in an extraordinag-
ily high degree of eosinephilia (87%). . Kauzal

considered that this eesinephilic phenemenon was
suggestive of an anaphylactic respense due to the

sensitising effects of the initial infestation teo

which the lambs were exposed. |
The cattle presented in this examination
were of varying ages and probably would have been
previously expesed to infestation with Qag;glpgggg.;
It appeared that this infestation or repeated i
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infestations sensitised the animals and that this
sensitisation persisted even in the absence eof
parasites,

Tayler (1951b) has reported the presence
of microscopic immature worms in the lungs of adult

cattle which showed clinical signs of parasitic

the lungs for several weeks without further

-

brenchitis., These immature werms could remain in

developments IHone of the cattle in this examinati
showed clinical signs of parasitic bronchitis and
only twe cattle showed evidence of larvae,
Consequently it wes indicated that the persistence
of skin hypersensitivity in cattle teo D.viviparus, |
demenstrated in this examination, was independent |

of the presence of immature worms in the lung

tissue,
The reactions preduced by the D.viviparus [
extract could be produced to the same degree by an
extract of D.filaria. This indicsted that there
was a group reaction with the twe species of lung
worms. A further group reaction wes noted with

the intradermal tests in sheeps Animels infested

with M,cepilleris alone reacted to the extract of
D.filaria. It appeared that infestation of an

animal by one species of lung worm sensitised that
animal to extracts of any of the four cormmon lung
worms, A similar group reaction has been mentione#

by Fairley (193la) in relation to Schistesemisis.
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The infestation of humans by one species of

Schistesome sensitised the humans te extracts of
several different species ef human and animsl
Schistosomes,

Stewart (1950a) has reported that extracts
ef many intestinal parasites caused complement
fixatioen wiﬁh theéera ef animals infested with
H,contortuss An alecoholic extract of D,filaris
was shewn to cause complement fixatien with
Hecontortus natural antisera; saline extracts were
not examined, '

In this examination the skin reactions
caused by the Dictyecaulus extract were shewn to be
independent of sensitisation or infestatien by
abomasal parasites, The intradermal injectien of a

saline extract of abomasal helminths preduced enly a

8light increase in skin thickness (Average 8mm),
Hypersensitive reactions observed in sheep to

intradermal injections of D.filaria extract

eccurred independent of infestation by abomasal
parasites,

As indicated in the intradermal tests in
F.hepatica infestation (Part II) the skin
hypersensitive reactiens occurring with F.hepatica

extract were independent of reactions occurring

with the D.yviviparus extract,

Summary,
Adult cattle, of varying age, were found te
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be hypersensitive to the intradermal injectien of |
Deviviparus extract., The incidence of marked
reactions increased with age reaching a maximum at
the age group 2i-3% years.

With the exceptien of twe animals, ne
parasites could be found in the lungs or lymph
glands eof such enimals and it was considered that
the hypersensitivity eriginated at initial
infestatien and persisted after the less of the
parasites,

Lambs infested with Dsfilarie gave a marked
hypersensitive skin reaction to extracts of the
causal erganism indicating that a single sub-clinica
infestation sufficed to establish skin hypersensitiv
in sheep.

The skin hypersensitivity to lung werms
was a group reaction for the three common species
of lung worms, Intestinal parasites did net appear
to sensitise enimals to Dsviviparus extract;

reactions to the Dictyocaulus extract were evident

in the absence of reactions to the intradermal |

injection of anr extract of abemasal parasites, |

1
ity
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Pa VI.

Trichinella spiralis.
Materials and Metheds.

In e Test. _

Sehwartz and McIntesh (1929) determined |
that pigs experimentally infested with T,spiralis
develeped a marked skin hypersentivity te Trichinell
extracts within 2 menths after infestation, One of
the pigs testedmd developed the skin reactien
within 15 days after infestation, The extract |
used was a saline extract of pulverised T,spiralis }
larvees The reaction was characterised by a large |
oedematous swelling; in more atriklng reactions |
the skin usually showed evidence of haemerrhage in
the reaction area. Several animals net infested
with the parasite failed te react to theextract.

Sehwartz, McIntesh and Mitchell (1930)
reported that pige not infested with T.spiralis
net uncemmenly gave marked skin reactiens to the

subcutaneous injeetion of Trichinella pretein.

¢f a large series of pigs examined, (486), 39% of
these showed marked skin reactions te the T,sngraggé
extract, Only one of the animals was infested |
with T.spiralis. |

Augustine and Theiler (1932) determined |
that the intradermal test was specific in Trichinesi

in man and swine. The use of a high dilutien of

antigen (1-10,000) eliminated reactions whieh frequently
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occurred in nen infested animels, The antigen
consisted of a Ceca saline extract of dried and
pulverised T.spiralis larvae,

Lichterman and Kleeman (1939) used
intradermal tests in swine which had been fed
uncooked garbage,s, The antigen used was a saline
extract of pulverised larvae in a dilutien eof
1-10,000, The test was found te De accurate in
975 of cases of Trichinesis. Neo animals which
were infested with T.spiralis failed te react to the
test, and only 5 of 190 which were not infested
showed reaetions to the intradermal injeetion of
the T.spiralis antigen.

Spindler and Cross (1939) and Spindler,
Cross and Avery (1941) carried out an extensive
survey of the use of intradermal tests for the
diagnesis of Trichinesis in swine, Using a saline
extract of Trichinella larvae these autheors found
that a percentage (17,51%) of animals uninfested
with T.spiralis gave positive gkin reactions. of
infested animals 36.,09% gave no reaction to the
test antigen. The autheors considered that the
prolonged consumption of nen viable T,spiralis
larvee could cause sensitisation of the animal to
Trichinella antigen, Infestation of the animal
with helminths closely related to T,spiraslis, such

as churig trichiura, were thought te be partial

responsible for the eccurrence of false peositive
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reactions.,

MeCoy, liiller and Friedlender (1933)
believed that human infestation with T,trichiura
caused sensitivity to T,spirslis extraet, the skin
reaction to I.spirelis therefore being a group
reaction in nature,

In the present examinatien intradermal
tests were carried out on pigs which were due for
slaughter within 24 hours of the tests being
carried out, The preparation used as antigen was
a 1-1000 saline extract of dried and pulverised
T.spiralis larvae prepared as follows:

Dried and pulverised larvae, as used for
the skin test, were obtained from Canada. The
powder was extracted with saline in the proportion
of 1 part powder to 1000 parts saline, The
suspension was extracted for 3 days at 4°C being
agitated at frequent intervals, After extraction
the suspensioen was centrifuged and the deposit
discarded, The clear supernatant fluid was
passed through a "Pyrex" micrefilter and subseguentl
placed in lec bettles fitted with a rubber stopper.

The bottles were stored in a refrigerator at -10°C,
Injections of the T,spiralis extract were
made intradermally, in O.lcc amounts, into the
loose skin at the base of the left ear of the pigs
to be tested, The right ear was similarly used for

the intradermal injection of a 1-100 saline extract

|

|

y
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of Aslumbriceides, The intradermal injectiens
were made with a "Record" type of dental syringe,
which was fitted with a graduated plunger ghaft
s0 that a regulated amount of fluid could be

delivered.

The results of the test were observed at
20 minutes and again at 60 minutes after the

I
injeection had been made, The pigs were re-examine4
18 heurs arfter the injection of the antigen. !

Reactions.
Of 109 pigs examined enly 6 pigs showed

a reaction to the T,spiralis extract. Five of
these pigs reacted only te a slight degree, the
reaction being of an insignificant natures With
the remaining 103 pigs the fellewing resctions were
seen, The immediste response to the injection of
the antigen was the preductien of a wheal 3-4mm in
diameter, #ithin a few seconds this had incressed
in area and had become somewﬁat flatter, In
additien a zone of erythema had begun to develop
increasing the diameter of the affected area to
G=8imrm, In animals which showed ne hypersensitivity
to the T.spiralis antigen this reaction had
disappeared within 10 minutes. In the b animsls
whick rshowed a glight reaction, this eurly reaction
was rgplaced within 45 minutes by an area of
disceleoration varying in celour from light red to

purple, This discoloured area measured from 6mm
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te 10mm in ddameter, In the one pig which gave a
marked reaction the discoleration was eof a deep

purple character measuring 25mm in diameter,

The reactiens ebserved with the A,lumbricoides

extract were similar te those recorded in Part IV
of the present examination. Thus they consisted
of a wheal or dlsceleratien varying in dismeter
from 5-40mm and ever, When the reaction was intense
the discoleration was markedly blackich purple,
As enly one pig shewed & marked resction tﬁ
the Trichinella extract ne clear indicatien could
be ebtalned regarding the typical skin resction in
pigs to the intradermal injection of T,spiralls
protein, Augustine and Theiler (1932) described
the typical reaction in pigs as a wheal or & dark
purple area with a clear cut margin which developed
380 minutes after the injection of the antigen,
Sehmid end Schipull (1937) deseribe the
reaction as censisting of an elevated wheal 1,6 =
1.8 csmes in diameter surrounded by a zone of marked
redness, Lichtermen and Kleeman (1939) report
that a positive reaction consisted of a wheal
1.5 to 2.5 cems in dlameter, which assumed a
purplish red hue and develeped in from 25 to 456
minutes after the injection of the antigen,
Spindler and Cross (1939) state that
positive reactions reach their maximum intensity

15 te 20 minutes after the injection of the antigen.
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They consisted mere or less of a blanched whesl
surrounded by a bluish red zone, In some cases
the bluish red area appeared witheut distinet wheal
formation but with & central anaemic area; in
other animals enly a selid purple area was evident,
Reactions consisting of either a pinkish er red
discoloration were classed as doubtful,

The reactions reported by the sbeve authers
correspond clesely to the various types of skin
reactions which have been noted to A,lunbriceides
extract in this examination. It appears, thereforj,
that the reactions to be expected te the Trichinell
extract weould be similar in character to those
cbserved with the A,lunbriceides extract.

The intradermel tests with Trichinelle
extract were carried out simultaneously with
Addunbriceides extract in order to determine whether
hypersensitivity to A,lumbriceoides influenced the
oceurrence of skin reactions te T,spiralis.

Baren and Brunner (1942) have indiceted that a
commen ellergic factor existed in the antigens of
T.spirelis and A,lumbricoides. These antigens
were to some extent interchangenble in perseons
sensitive te either of the parasites. With passiv4
pensitivity tests the hewmologous antigen always
produced more pronounced results than the heterologous

antigen,
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gince, as far as cen be ascertained, no
tests combining the T,spiralis antigen and the
Ascaris antigen have been carried out in pigs it waﬂ
thought advantageous tec determine whether the false
reactions reported by previcus workers in America.
occurred in Great Britain and whether these could
be correlated with hypersensitivity to A,lumbriceides

Post Mortem Examinatien.

All the pigs tested were numbered with an
indelible marker before the test was made. Sub=-
sequently the plgs were slaughtered separately and
the wviseera and carcase ofeach animal examined
individually,

The liver was examined for evidence of
chrenic focal interstitial hepatitis which Oldhem
and White (1944) aseridbe te the migration of
Agearis larvae.

The small intestine was palpated throughout
its entire length to detect the adult A,lumbriceides.
An inecision was made into the wall of the caecum aaj
the contents removed, These and the caecal wall
were examined for the whip worm of pigs, trichi
A rectal sample of faeces was itaken and examined
by the smear method for Ascaris and Trichuris eggs.
No egg count was made,

The lungs were palpated and incised and
examined for evidence of the pig lung worms,

Metagtron U8 SPDe
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Samples of muscle from the erura of the
diaphragm, tongue and larynx were obtained from each
carcase, These were examined Tor T,spiralils as
follows, £ small portion of musecle from each
sample was pressed between two pleces of glass and
examined under the low pewer of a micrescope for
evidence of encysted T,spiralis larvae, Three
pleces of muscle from each sample were examined by
this methed. The remaining portion of musele
sample was divided inte two, one of which was
retalned. The other portion, together with the
half pertions of the musele samples from the other
pigs was passed through a household minecer and

subsequently digested for 24 hours at 37°C in a
solution of 0,47 pepsin and 0.37HCl, The digestion
material was agltated at frequent intervals,

After digestion the material was placed in a
Baermann spparatus and allowed to sediment. A
sample of fluid was drawn off at intervals from the
funnel and examined under the low power of a
microscope for T,epiralls larvee, ©Since no
Teapirallis infestation was found it was unnecessary
to carry out separate digestion of the musele

samples retalned,
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Results.
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Two pige presented in table I displayed |
hypersensitivity of a generalised nature to the
Aslumbricoides extract. These twe pigs, after the
intradermal injection of the Ai,lumbricoides extract
developed a diffuse light purple coleration over the
whole body. The breathing was rapid, the pulse fastg
. and weak and the cojunctiva engerged. The pigs
: were unable to ricse for an hour after the 1njeotien.|
The effect of this hypersensitivity had disappeared |
after 18 hours. Post mortem examination showed |
congestion of the liver, lungs and intestine, in |
additien the large intestine was marked with diffuse
haemorrhages in a zebra formatien. Ransom, Harriao+
and Couch (1924) have recorded a similar occurrence !
in a pig follewing inetillation of ascaris material i

inte the cojunctiva sac.

Discussion.

Table I indicates that only 6 pigs out of |
109 displayed any reaction to the T,spiralis extract,
Hone of the pips examined were infested with |
T.apiralis. Of the 6 reactions noted to the
Trichinella extract only one was of a marked nature.
One other reaction measured 1lO0mm in diameter and waai
a red coleration at the site of the injectien. The ?
other 4 reactions were insignificant circumseribed
areas of red erythema.

With the exception of the marked reaction,

the reactions to the T,spiralis extract occurred in
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pigs which gave a much mere marked reaction te the
A,lumbricoides extraet (20mm end more). The pig |
which gave a marked reection to the extract showed
a similar reaction to the Ascaris extract.

Since ne infestation by T.spiralis was
found and since the reactions observed to the
Trichinella extract occurred. in animals giving
marked reactions with the Ascaris extraet, it was
concluded that a marked hypersensitivity to
Aslumbriceoides could sensitise-the skin of swine l

to extracts of T,spiralis., The homelogous protein,

hewever, gave the more marked reaction. This was
in accordance with the statements of Barren and
Brunner (1942),

Spindler and Cress (1939) have pestulated
that false positive skin reactions teo T.spiralis
antigen in non<Trichinous swine may have three
. explanations: firstly, that the muscle larvae had
not progressed to such & peint where they would ‘
withstand artificial digestion. Animals can
develop skin sensitivity to Trichinella infestation
as early as 10 days after infestation (Augustine
and Theiler, 1932) and Spindler and Cross have
observed that 10 day larvae could not withstand
artificial digestion, Trawinski and Maternowska

(19533) have reported that unencapsulated larvae

would not withstand digestion (artificial eor
natural) but that the larvae could be detected by
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microscopical examination. 8ince no such migratiné
unencapsulated larvae were observed in this
examination it was unlikely that the reactions |
observed were due to sensitisation by this source,
fecondly, Spindler and Cross postulated
that the consumption, over a long period, of non-
vigble Trichinella larvae may induce weak positive
skin reactions. Avera, Yow, Harrell and Fewler
(1946) were unsuccessful in their attempts t» !
induce pecitive skin reactions in guinea pigs and
rabbits by repeated feedings of dead T.spiralis
larvae., However, Gould (1942) offered confirmation
to the views of Spindler and Cress in that the

incidence of non specific reactions to Trichinella

extracts was much lower in Orthedex Jews than with

| the general population.

Spindler and Cross finally pestulated that
infestation with clesely related parasites, such as |
Trichuris, might cause hypersensitivity te T.spiralis.
: licCoy and Miller (1931) have reported that 62% of
persons infested with T.trichiura gave positive |
| skin reactions to intradermal injections ef |
; ?.spirelis protein. MeCoy, Miller and Friedlander ‘

(1983) later observed meny positive reactions to a ‘
Trichinella extract in children, These children |
| showed infestation with T.trichiure only, T.epiralis

infestation being absent. ‘
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In this examinatien, however, of 29 pigs !
which showed infestation with Trichuris only one |
gave a reaction with the T.spiralis extract. This
resction was of a slight nature only., All the etherl
pigs failed te give a reaction. It is evident
therefore, that Trichuris infestation does not
influence the reactions to the T.spiralis antigen
in pigs. |

Summary.

of 109 pigslgiven intradermal injections

reaction. Cnly one marked reaction was seen. Ne
pig was found to be infested with T.spiralis.

The reactions which did occur were found
in animals which possessed a marked skin reaction
to A,lumbriceides. It is concluded that a marked
hypersensitivity to A.lumbrioeideg may sensgitise ;
pigs to a lesser degree to the T,spiralis extract.

The infestation of piga with T,trichgpra
did net preduce hypersensitivity to the T,spiralis

extract.
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Part VII.

general Summary.
A study has been made of the sereological

responses eccurring in demestic animals as a result
of natural infestation with helminth parasites, |
The helminth infestations studied were those of |
Fasciola hepatica, Cysticercus bovis, Ascaris !
lumbriceides, Dictyocaulus viviparus and 2r;ch1ne1;4
spiralis. i

F’. !38 Eas;gﬂ.

The serelogical response, as indicated

by the preeipitin test, in F,hepatica infestation
was mest marked when the immature parasites were
in their migratery phase., Thereafter the precipitin

antibedy level became lower,

Specific complement fixation antibedies
were demonstrated in the sera of only one infested
animals, This was indicative that the complement ;
fixation technique was unsuiteble for the demonstrat?
ion of antibedies in F.hepatica infestation.
Aleoholic extracts of the parasite were found to !
give varying degrees of ron specific complement
fixation with sheep sera, irrespective of ?,hegat;cé
infestation,

The miracidia of F,hepatica were cbserved
to suffer a lethal effeect when placed in sheep

serum, Complement was necessary for the reaction.

Hypersensitivity, demonstrable by an
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| intradermal test, was evident in a large percentage

of animals infested with F,hepatica. In some cases;

this hypersensitivity was passively transferable, byf
|

means of serum, to a non sensitive animal, Local
skin desensitisation could be produced to a marked
degree but generalised skin desensitisation was
less ebvious when large gquantities of antigenic
material were administered.

C.bovis.

Precipitin entibedies were demonstrated
in the sera of animals which showed multiple
cysticereci in the musculature. When enly a few
(1 or 2) ecysticerci were present a serological
response was Trequently absent. Polysaccharide
-solutions of the parent parasite, T.saginata,
preduced precipitin reactions with the sera of
animals infested with F.hepatica only. This was
thought to be due to an isoagglutinin like producing
antigen present in both IT,saginata and 7.hepatica.

Animals infested with F,hepatica produced
hypersensitive skin reasctions to extracts of C.bovis.
A commeon allergen in the two parasites was thoupght
te be responsible.

Aslunibric €8,

Precipitin antibodies were demonstrated

in the sera of pigs. These were found to bear neo
relationship te the presence of mature A,lumbricoide

in the intestine. They did, however, show a
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relationship to the degree of chronic focal
interstitial hepatitis.

Hypersensitivity to extracts of A.luﬁbri&e&%es
|

was evident in the majority of swine, This was
gimilar to the preciptin reaction, in that it was
related to the degree of chronic focal interstitial
hepatitis but not teo the presence of intestinal !
forms of A.lumbricoides.

D.viviparus.

The majority of cattle examined showed
skin hypersensitivity te D.viviparus extracts.
This hypersensitivity was most evident in the age
group 2% to 3% years., The hypersensitivity
| demonstrated occurred in the absence of parasites.
Intestinal helminths did not influence the

hypersensitive state,

Hypersensitivity was demonstrated in sheep |
undergoing a sub=clinical infestation with g,f;laria,
Infestations with other lung worms produced a
hypersensitive state which could be demonstrated by
Defilaria extracts, This was indicative of a group

regetion.
Tyspiralis.

Hypersensitivity to extracts of T.spiralis |
was demonstrated in only 5.4% of swine, Only
0.9% of swine showed marked reactions., Since these:
occurred in animals possessing marked hypersensitivity

to A.lumbricoides it was concluded that a strong




| If faeces examination had been the sole criterion
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hypersensitivity to A,lumbricoides could sensitise
pige to extracts of T,spiralis. Infestations with
Tstrichiura did not preoduce hypersensitivity to

T,s8piralis extracts.
The use of animals at an abatteir affeorded

the oppoertunity to correlate the serolegical
findings with pest mertem evidence of infestation.
Since the lack of helminth eggs in the faeces does
not necessarily indicate absence of helminth
infestation the pest mortem examinations carried out
gave a more complete picture of the parasitic burden,
As a result it was found that light infestations

or patheological evidence of helminth infestation

could be correlated with the sereological findings

(vide F.hepatica, C.bovis and 4,lumbriceides).

of evidence of infestation no correlation between |
serological findings and infestation wéuld have
been evident and false conclusions may have been

drawne.
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