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ABSTRACT

hdoptive transfer of protection from infected donor
hrvicanthus sp rats to uninfected recipicnts was attempted
by vagying some parameters such as the infection period of
‘donor rats and the time of transfer relative to challenge.
Concurrent investigation on the éffect of heuterologous

infection and fracticnation of cells was also carried out,.

It was found that cells from 2 month--infected donors had
high ability to transfer resistance to recipient rats ,
while cells from 1.75 and 3 month-infecfed donors showed
partial ability and those from 2.5 month-infccted donors
showed an unexpected inhibitory effect on ltransfer
recipients. Transfers done close to challenge day confer

1

almost complete imwunity to recipient rats, wll.. ..

. -

1}

Heterologous cestode infection in these rots appear to
 play a secondary role in protecting against S. mansoni
infections, while it was also found thal unfractionated cells
have more ability to transfer resistance than fractionated

cells,

Possible immunological mechanisms involved during these
events and the practical significance of the work are

briefly discussed.
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1. INTRODUCT ION

Schistosomlasis is a diseasce caused by trematodce #lukes of
the genus Schistosoma. The parasite undergoes a succession of
stages -~ egg, miracidium, first-stage sporocyst, sccondw.stage
sporocyst, cercaria, schistosomulum and adult, This ~vale
alternates with the adult schistosomes in the definitive
vertebrate hosts which include man and other aninals ( Von
Lichtenberg, 1977), and an asexual multiplicative staqge in
snalls. The cercaria shed by the snails are the infecltive
stages; when these enter the skin after penetration, they
change morphologically into the schistosomulum stage in the
lungs and fipally to the adult stage in the mesenteric veins,
The adults lay eggs, most of which become trapped in the host's

tissues and cause overt disease ( W.H.0. memoranda, 1974).

Schistosomiasis is a world health problem and 1t affects
some 200 to 300 million people ( Forsyth & Bradley, 1966,
_ e
Capron et 'al.. 1982 5° Moreover the quulation infeated and
theose at high risk are located overwhelmingly in ciic poor

underdeveloped countries of Asia, Africa, the Middle Magt

and Latin America ( Andreano, 1978 ).

The economic losses due to schistosomiasis are attributed
to factors such as reduced work productivity, reduced perfor-
mance of schoolchildren and to a lesser extent mortulity cost
from premature death of young children and work-£fit adultss
It is estimated that there is an annual world economi: loss
from ¢disability and lowered production of roughly Uil

£ 400 million ( Weisbord et al. 1973 ).
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Pgesent methods of control largely focus on nolluscicides,
chemotherapy and other enviromental and chnemical means. But these
methods are generally inadeqﬁate in the total confrol of the
disease ( Bradley & Webhe, 1978 ). For example bioiogical
control of snails has little prospect of sucess in view of the
wide variety of snails that can act as vectors under diverse
ecological conditions ( ¥arren, 1962). Chemotherapy and mollus -
cicides have also been found to have a major drawback, especilally
on the larger scale required for effective control in large parts
of ifrica where reintroduction is always likely ( Vaksman & Cook,
1975)}. The cost of molluscicides is usually very high, requiring
much-needed foreign currency and decidedly beyond the meansg of
most developing countries ( “eisbord et al. 1973 ). The presence
of different kinds of reservoir animal hosts for the different
schistosome species further complicates control efforts ( Warren,

-

1962 ),

Immunologic approaches seem to be pronmising in the control of
.schistésomiagis, a belief that led Klostzel ( 1962 ) to exclaim
that " any prospect, however remote, of doecreirsing the severity
of schistosomiasis by prophylactic means deserves a trial " .
Evidences suggest that some sort of immunity is agquired by man

against schistosomiasis ( Newsome, 19563 Warren, 1977 )}, thus

attempts to produce -vaccines have been cne prespective means

that might lead to a better control of tha disease,
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Two types of responsed are manifested in schistosomiasis,
which are of practical interest in terms of prospects for
imwunological control. The first is the host's response ﬁo the
schistosome eqggd and this is responsible for the major pathology

of ihe disease. By manipulating thls response immunclogically,onc

micht be able to alleviate or prevent the occurence of the diseasc.

The second response prevents the maturation of subsequent
infections in the host ( concomitant immunity ) ( Smithers &
e T
Teriy, 1969). A better understanding of the effector mechanisms

of this response would help in the design of vaccines. Vaccine

production against schistosomlasis may take one of several lines.

The identification and characterization of 'protective antigens!?
to be used as vaccines is the first step. However with the
exception of some soluble egg antigens ( Pelley et al. 1976 )

R

and a cercarial antigenic preparation ( Bogitsch & Stephan, 1976 )
few promising rosulis have been documented in this line. Use of
irradiated cercariae for immunization is another step and results
in this line are anomalous. Heterologous infections, such as the
infection of man by bird schistosomes ( W.H.O. memorandéé#1974 ),
or £. bhovis ( VWarren, 1962 ) have been considered, but it has
been warﬁed that worm migration in the lungs can cause severe

conplications during such infections.

Other protective immunological methods have also been considered,
Tt has been suggested that stage and species-specific SEA's may be

usaed to simulate egg granuloma modulation in vive ( ﬂg;ren, 1977} e
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Passive immunization with immune serum and cells has been
considered but results obtained are as varied as the

methodology and hosts used.,

Many workers believe that untill the overall pattern of the
immune mechanism{s’ against schistosomiasis is undairstood, the
search for a vaccine is perhaps premature ( Waksman & Cook, 1975;

Sher et al. 1975; Phillips et al. 1978; Hoffman et al, 1979 ).

Although laboratory animals are used in research studies,
there appears to be wide species variation in responses to
schistosomal infections ( Smithers & Terry, 1976 ), and there
is no evidence that any experimental animal provides an accurate
model of the situation in man ( Butterworth et al. 1982 ).
Althuogh many animals can be infected with the schistosomes
( Von Lichtenberg et al. 1962 ), the rat and the mouse have
been the laboratory animals most widely used, It has however
been suggested that extensive differences in immunclogic
competence exist between different strains of both ( Colley,
19723 Ramalho-Pinto et al. 1976; Knopf et al. 1977 ). Thus it
appears that the use of an appropriate ' laboratory model !
may to a large extent éliminate such 'host factors' and

present a better picture of the immunoclogical situation in man.

Arvicanthus niloticus is a susceptible speclies for both

S. mansoni and S. haematobium and shows a pathological

plcture typical in experimental situations of schistosom =

iasis { Kuntz & Malakatis, 1955 ).
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Nansour ( 1973 ) maintains that the heavy worm load and excretion
o viable eggs in both natural! and experimental infections suggest
that A, niloticus can serve as a natural reservoir host under

T

natural conditions. Polderman ( 1974 ) also found natural infection

with S. mansoni in these rats from N.W. Beghender, Ethiopia,

It was felt that use of Arvicanthus rats as animal models of

Se mansoni for immunological investigation may give more relevant
information that can be related to man. This is in accordance with
W.H.0. recommendations ( 1974 ) to use antmal schistosomes within

their natural hosts. Accordingly Arvicanthus sp was chosen to

investigate the protective effect of adoptive transfer of cellsg

{ predominantly lymphocytes ) by varying a number of parameters
such as the degree of sensitization of cells, transfer time ,

and the concurrent influence of heterologous infections and
fractionation of lymphocvtes. At the same time this investigation
may indicate how far this rat model can serve as an ' animal |

model ' for further immunological studies on S. mansoni .
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2a REVIEW OF THE LITERATURE

Ay ILMMUNOLOGICAL AND INHMUNOBPATHOLOGICAL

ASPECTS OF SCHISTOSOMIASIS.

Many interesting mechanisms of damage and killing of the
schistosome parasite have been described in vitro aad there

are evidences to suggest that the same mechanisms nay also

]

In general it is believed that effector mechanism of acquired
registance to S. mansoni is an antibody-dependaont collemediated
cytotoxicity ( ADCC ) reaction ( Sher, 1977; Capion ot al. 1980)

involving a varicty of cellular and humoral factorsa

The main pathological effects of schistosomiasis have been
shown to be due to lmmunological reaction against difforent

parasite antigens; thus schistosomiasis is truly an 'immunologic

disease' ( “Warren, 1962 ).

Inflammat. ry hypersenstivity reactions to penctrating
cercariae ( Ramalho-Pinto et al. 1976 ) or th: schistosomula
( Warren et al. 1972 ) cause dermal infiltration and pulmonafy
grahulomata respectively. Splenomegaly-has been shown te, be .due
to reactions in the reticulonéndothelial system ( R.E.S.)
against parasite antigehs ( W.H.0., memoranda, 197< 1, while
celonic polyposis, which results in damage to the uuscularis

mucosa, has been shown to be due to tissue granulomata around

highly localised eqggs ( Smith et al. 1977 Yo The hepatosplenic
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orin of schistusomiagis manscni has frequently heen assciated

with glimerulonephritis ( Andrade et al. 1971 ),

The most impertant sequelae of schistmsrmiasis - hepatce -
spleonomegaly and portal hypertensicn — are the result . an
imaunupathological process in the liver due to a delayed typa
hypersensitivity reaction to the schistoseme egqgs ( Harren, 19352;
Vievren, 19673 Bores et als 1975 ). This hypersensitivity roaction
is mediated by T-cell reactions to scluble egg antigens ( Do

7 VYarren, 1968 ) and the inflammation is composed usually o

macrophages, lymphocytes and ecsinophils ( Von Lichtenberg, 1064),

In mice it is observed that during chronic schistosomiasis,
edyg granuloma size decreascs pragressively. This endsgencus
desensitization ( Domihgo & Warren, 1968 ) or spontahecus wndul..
atinn ( Boros et al., 1975 ) has been assumed to be due to i unoe
regulatory processes which invelve suppressor cells ( Pelley Lot oal.

19765 Ellner et al. 1980 )} or blocking antibodies ( Rocklin et al,

1980;- Houba, 1977 ),

Many workers have tried to protect against the dimage causcd
by tissue granulrmata using different methods., Domingo et al,
( 1968 ) used immunosuppressive drugs, while Mahmoud et al.(1975)
used anti-lymphocytic serum (ALS). However during such suppression
of cell~mediated reactivity, severe complications result which

.

invelve liquefactive necrosis around granulcmata and bacteraenin
( Fine et al. 1973 ). Thus it has not been pi-ssible to protoct

the hest against the deletrious reactions it generates against

itsclf.  However Pelley et al. ( 1976 ) and Warren ( 1977 )




believe that induction of modulation by highly specific cqg antigens

may be possible in the future,

Part of the problem in the present situation of lack of protect-
ion by immunological means is due to inadequate knowledge of the
exact immunological reactions involved during active infoction
the complexicity of the immune responses to large parasites such as
the schistosome parasite is understandable. Experiments done in vitro
implicate a variety of cells and antibodies as possible candidates

for the effector mechanisms against the schistosome parasite,

The Role of Cells.

There is no description of damage to the schistosome parasite
mediated directly by cytotoxic Twcells ( Butterworth, 1977 ), Even
so there is extensive evidence to suggest that immunity against
S. mansoni is at least in part dependent on thymic-influenced

lymphocyte function ( Phillips et al. 1975 ).

Various cells have been shown to effectively kill the schistosome
parasite in vitro. Gloetzl and Austen ( 1977 } attach importance to
mast cell -~ eosinophil interaction as a possible killing mec¢hanism

-

during helminth infections, including schistosomiasis ( Fig 1 J.

Capron et al. ( 1978 ) and Sher ( 1976 ) have shown in vitro

interaction between mast cells and schistosomula, although the

immunologic significance of such cytoadherence is not cledar,
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Other workers have elegantly demonstrated that neutrophils are
important in.immunity against S. mansoni ( Dean 8t al, 1974, 1975 3},
while human monocytes have also becn shown to kill schistosomuls,
independent of antibody or complement, in vitro ( Ellncr z Mahmoud,

1979 ),

Fig. 1. Schematic representation of eosinophil responsc to

parasitic infections,
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However the eosinophil in combination with antibody and/or
complement and macrophages in cooperation with IgE" arc the systeps
that have recieved much attention as possible effoctor mechanisms

operating against the schistosomes both in vitro and in vivo,

There 1is significant incfease in blood and tissue cosinophil
level during invasive parasitic infestation in man ( Halhmoud et al.
1975 )}, Eosinophils attracted to the tissue siteg of parasitic
invasion potentially fulfill at least two roles in defending the

sensitized host, namely direcly damaging the parasite or

inhibiting mast cell - derived mediators,

That eosinophils can act as effector cells against the cggs or
schistosomula of S. mansoni in the absence of antibody was shown
by James & Colley ( 1976 )} in mice, However, Butterworth et al,

( 1977 ) are of the belief that immune serum is necessary to
effect killing, although complement is not required, On the other
hand, Ramalho-Pinteo et al, (1?78 ) and MacLaren & Ranalho-Pinto

( 1979 ) found that the effect of eosinophil cytotoxicity
increased on incubation with antibody and complement in vitro ,
Further evidence for the antibody -~ dependent cytotoxicity of

eosinophils is presented by Butterworth et al. ( 1975 ) and

Mahmoud et al. ( 1975 »,

Eosinophil action in the killing of the schistosomulum has been
shown to be due to degranulation products, Although the exact

nature of these substances is not known ( Butterworth, 1977 ),
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gsome workers believe that they are enzymatic in nature, probably
lysosomal ( David et al. 1980 ) or perhaps peroxidase ( MacLaren
et al. 1975 ). Gloetzel and Austen { 1977 ) maintain that the
eosinophil. is endowed with specific enzymes capable of rapidly
degrading mast cell-derived mediators ( Fig 1 ). Butterworth et al,
{ 1979 ) and Gleich et al. ( 1973 ) suggest that the assoclation of
cosinophils with high quantities of " major basic protein " ( MBP )
may have some implications, as prompt killing of the parasitc

after discharge of MBP is observed. Fosinophils also releasc
another protein called eosinophil cationic protein ( ECP ) and

this is also found to be toxic to schistosomula at low concent .
rations. Another protein classified as a lymphokine, the cosinophil
stimulation promoter { ESP ), has becen shown to be releasad from
SEA - sensitized T-cells on stimulation ( Greene & Colley, 1975 ),
ESP has also been shown t0Q increase the migration of cosinophils
collected from mice ( Colley, 1973 ) and in some instances to
stimulate the generation of bone marrow eosinophils ( Glootzl &

austen, 1977 ).

These in vitro mechanisms of eosinophil - dependenf kilting of
the schistosome parasite are difficult to prove in vivo ( David =t
al. 1980 ). However they have been imprkssively corroboratad with
in vivo studies in models of both S. mansoni ( Mahmoud et al. 1975 )
and To spiralis ( Grove et al. 1977 ) and also in man ( Bunteley
et al. 1981 ). Von Lichtenberg and co~workers ( 1976 ) also

showed that eoslnophll adherence and degranulation occur in thoe

skin of immune animals,
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The macrophage is another cell that has been intensively
investigated as a possible effector cell against thoe schistosome
parasite in vitro . Perez & Smithers ( 1977 ) , for ethple ’
showed that peritoneal exudate cells from normal SD or PVG rats,
when sensitized with immune serum showed cell adhercnce rcactions
to the schistosomula in vitro . This reaction did not appear to

require complement and resulted in tegumental damagc.

Although Capron et al. ( 1979 ) have shown that macrophage
activation needs complement, Kassis et al.( 1979 ) arc of the
opinion that complement -~ independent opsonizing IgC may also
activate macrophages into cytoadherence and killing rcactions,
Perez et al. ( 1974 ) have also observed that macrdphages interact
with IgG in killing the schistosome parasite in thc rats. On the
other hand, a cytophilic cvent involving cither antibody or
immune complexes appears to be responsible for the aclivation of
macrophages ( Capron et al. 1975 ). Capron et al. ( 1980 ) have
demonstrated this impressively by showing that IgkE molccules ,
when aggregated , bind to a specific receptor on the surface of

macrophages distinct from the Fc receptor of IgG,

Despite these demonstrations, it has not beon possgiblce to show
granular secretions as in the case of the eosinophil. Facrophages
most probably kill the schistosome parasite in the conventional

non-specific phagocytic reactions ( Capron gt al. 1975 )
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The Role of Antibodies

From various experiments on murine and simian hosts, many
workers have arrived at the conclusion that the humoral arm
plays a significant role in immunity against schistosomiasis

( Smithers, 1968 ).

As early as 1936, it was recognized that many animals have
in their sera a cercaricidal fraction ( Culberston, 1936 ).
Clegqg and Smithers ( 1972 ) also showed that in the presence of
highly immune rhesus monkey serum, some schistosomula die within
the first 24 hours in vitro. They conclude that this lethal factor
is specific antibody which is dependent for its action on
complement, Capron et al. ( 1980 Jalso showed that, in the rat,
immunity is antibody -~ dependent in that it is abolished in
anti-p treated neonate rats., Concurrently Phillips et al. ( 1975 )
and Smithers ( 1976 ) demonstrated that immunity is cficcted by

participation of cytophilic antibody in the rat.

Although the exact mechanism(s) by which antibodics cxert their
lethal effect is not entirely understood, some possibilities
emerge. MNewsoma ( 1956 ) believes that antibodies causc
precipitates around the orifices of adult worms or interfere with
enzyme activity in worm tissue. Ogilvie ( 1970 )} postulatce that
:dinhibition of essential metabolic pathways of the paraszites may
be facilitated by antibodies. Suppression of the immune response
may be effaected by blocking antibodies, as in the case of the

shut-off of early immunity seen in rats and modulation of the
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granuloma size during chronic schistosomiasis ( ‘laksiwan & Cook,
1975 ). Ihntibodies may also function locally to facllitate

antigen sequestration ( Von Lichtenberg, 1964 ).

Opsonizing antibodies cooperate with cells in the killing of
the schistosome parasite. For instance, Hillyer ( 1969 ) and
Mussulman et al. ( 1980 ) observed high production of IgG
during S. mansoni infections in man and the mouse¢. Capron ct al.
{ 1978 ) demonstrated that IgG of rabbit hyperimmunizcd with
soluble extracts of 8. mansoni is toxic to adults of the same
species-grown in vitro. Clegg and Swmithers { 1972 ) obsecrved
that serum of infected rhesus monkeys, when culturcd in vitro
with schistosomula, had lethal activity. They conclude that this

lethal action is due to the IgG class and is dependent for its

action on complement in fresh serum.

Schistosomiasis is frequantly found asscciated with high
production of reaginic antibodies ( Maddisson et al. 1970 ),
The fact that these antibodies are evoked only in animals that
show a marked degree of natural or experim:ontal resistance to
S. mansoni, and not in those that have a low degree of
resistance ( for example, the mouse ), prompted sowc workers
to consider if these antibodies are involved in protection in
some way ( Ogilvie & Jonesy 1971 ). Thus for example, Ogilvie
{ 1964 } found a close correlation between immunity to infcction
and the presence of reagins in the nematode Nippostrongylus

brasiliensis and the trematode S. mansoni in the rat,
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Capron et, al.( 1980 ) also found that a close corrclation exists
between the evolution of specific IgE molecules and lmmunity to
reinfection. Sadun & Gore ( 1970 ) found positive correlation
between resistance to reinfection and the production of reagin -

like homocytotropic antibodies in S. mansoni - infected hosts,

How these anaphylactic antibodies are involved in the killing
of the schistosome parasite is not clear. Ogilvic ( 1970 ) is
oversimplifying the issue when she states in broad terms that
IgE may be involved in the sudden elimination of parasites seen
in some helminth infections. It has also been suggested that
these antibodies may play an important role in stunting the
development of adult schistosomes, reducing eqgg production and
mediating resistance to reinfection ( Ogilvie ¢t al. 1966; Sadun
& Gore, 1970 ). Capron et _al. ( 1980 ) believe that, because of
their production during schistosome infections, anaphyloactic
antibodigs may play an important role in triggering phagocytic
cell activity, thus revealing a new role for these antibodies
classically implicated in adverse anaphylactic reactions only.
This finding has important implications. For exanple, the
injection of antigens which would stimulate the production of
protective gamma E antibodies is one prospective means of

protection ( Ogilvie, 1964 ).
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B. MECHANISMS OF EVASION OF THE HOST'S IMaUNZ

REACTIONS BY THE PARLSITE.

In schistosomiasis a paradoxical situation occurs in which
parasites from a primary infection elleit a response which
eliminates parasites from subsequent infections. This phenomenon
of acquired resistance bo reinfection in the presence of a
continued primary infection was referred by Smithers and Terry

{ 1969 ) as ' concomitant immunity ',

The mechanism(s) by which the parasite disguiscs itself from
the immune attack of the host is not completely understood. It is
believed that the adult schistosome of a primary infoection has on
its surface antigens which mimic those of the host and thus fool
the host's immune system from recognizing it as non—seclf. The
nature and origin of these surface antigens is also a matter of

controversy.

Various workers contend that the surface antigens which disguise

the parasite are of host origin. Clegg and Smithers ( 1972 )
proved this by showing that, in vitro, the early stages of the
parasite which had no time to become protected are rapidly elimin -
ated by complement-dependent antibody, whereas clder worms are
protected from the effect of saméo Clegg et al. ( 1971 ) used a
different approach. They transferred worms grown in mice directly
into the portal circulation of bFHesus monkeys proviously
immunized with mouse red blood cells and found that the schisto -

somes were rapidly destroyed whereas worms transferred to normal
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monkeys survived. Coelho et al, ( 1980 ) arrived at the sanme
conclusion by portal transfer experiments in rats, hamsters ,

Mastomys natalensis and Cebus monkeyse By using the sensitive

enzyme - antibody bridge technique, MacLaren et al, 1975 )

also showed that 3-hoyrs schistosomula do nol possess mouse

red blood cell antigens on their surface and are susccptible to
attack by immune rhesus monkey immunoglobulin, whereas 4wday worms
are not. Sher et al. ( 1978 } also believe that the surface
antigens are definitely acquired from host tissue, rather that

synthesized by the parasite.

Equally convincing evidence is presented by many workers to
show that antigens present on the surface of the schistosomulum
are of parasite origin. Sprent (1959 } and Dinnen ( 1963 ) believe
that the surface antigens, although of parasite origin, have
evolved under selection pressure to resemble thosce of the host.

This in general reduces the overall immunogenicity of the

parasite and favours its survival in the host.

Capron et al. { 1968 ) speculate that the schistosomes possess
the genetic capacity to synthesize antigens of several host types
and that specific selection for a given mimicking antigen takes
place when the worm enetrs the particular host. Other workers,

( Damain et al. 1973; Damain, 1967 ) have given more proof that

the surface antigens are synthegized by the parasite itself.




18

The nature of these surface antigens is also not agrecd upon,
Smithers & Tetrry ( 1976 )} assume that antigens synthesizcd by
the parasite are pure proteins while those acquired ffom the host
are glycolipids, Similarly, Wdksman & Cook ( 1975 ) have stated
that host antigens taken by the parasite include the 4,B,H and
Lewis glycolipld antigens of human erythrocytes. However, Sher
et al. ( 1978 ) have con*incingly shown that mon-glyvcolipid
molecules such as the K and I gene products of murine MHC may
also associate themselves with the schistosome surface and help

to disguise the pakasite from the host's immune attack,

Whatever the nature or origin of these surface anfigens, how
do they act to effect escape of the parasite from the deleterious

action of the host's immune response?

The target of the host's immune attack is the schistoscemular
surface and Smithers et al., ( 1977 ) have shown that in vitro
there is rapid turnover of plasma membrane layers into culture
media. They believe that such turnover may be responsible for
counteracting antibody attack by the parasite. Rusel et ail,

( 1975 ) also showed the same tusnover phenomenon usiing radio-

active labelling.

It is generally assumed that immunclogic disguise occurs as
the schistosomulum matures to the adult stage. This loss of
antigenicity has heen associated with the logs of ability to

activate complement via the alternative pathway and the




19

redistribution of intramembranecus particles ( I[P ) on the
schistosome surface ( Smitherps et al. 1977 ). The release from
the schistosomular surface of a variety of products which may
affect immune effector mechanisﬁs, such as proteolyltic enzymes
which cleave IgG ( furiault et al. 1981 ) and factors which
inhibit lymphocyte and mast cell functions' ( Capron et al. 1980 )

have been suggesteds,

Smithers and Terry ( 1976 ) bridge the various assumptions by
concluding that antigens of parasite origin may scrve to reduce '
the overall immunogenicity of the parasite, whilc antigens of
host origin attaching to the parasite surface complete the
immunologic disguise of the adult WOrm‘and protect it from
immune attack. Recently, MacLaren and Terry ( 1982 ) have
shown that the escape of the schistosomulum from the host 's
lethal reaction may involve mechanisms quite diff{eront from

those involving the parésite surface,
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Co SOME PROBLEMS ENCOUNTERED IN THE

IMMUNOLOGICAL 3TUDY OF SCHISTOSOMISSTS.

Although many immunclogical mechanisms against the schistosome
parasite have been understood, there are still a lot of unanswered
questions and this might be responsible for the laclk of prospcct

for a vaccine in the near future ( Hoffman et al. 1979 ).

Part of the problem resides in the very nature of the study
of h€lminth immunology itself. For example, the demarcntion of
cellular and humoral immunity in helminthiasis is a couplex
process. The difficulties encountered in dissociating multiple
overlapping host mediator systems avtivated by a poly-ntigunic
metazoan parasite is enormous ( Von Lichtenberg, 1977 ). This
is the case of schistosomiasis, where the host, exposcd to
cercariae, schistosomula, adults and eggs, is glven the onpor-
tunity to react to each of these antigendc varieties with a

wide range of immune responses { Butterworth et al. 1932 ).

The lack of a convenient and realistic laboratory aniwmal
model has encumbered immunological study of schistosomliusis
to a great extent ( Smithers & Terry, 1976 ). Laboratory
hosts are known to differ in their rcsponses to 3. wansonis.
For example, diffences of about 20% in yield of adult worms
exist between C57/BL6 and A/J mice exposed to the same number
of cercariae ( Sher, 1977), The most widely-used lahoratory
models are the rat and the mouse; however both animnls havs
some inherent characters that is undesireahle for immnologic

study.
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The high susceptibiiify of the mouse is disadvantaqeous in its
use as an immune model since it is difficult to dissociate the
effects of protective immunity from those of the disease itself
{ Sher, 1977 J. The high intrinsic resistance of the rat has been
exploited to demonstrate immunclogically-mediated rosistance
mechanisms ( Phillips et al. 1977 ) but it has been cautioned
that direct analogy cannot be drawn between this resistant
species and the more sensitive species man. Thus resulis obtained
from laboratory animals are not necessarily applicable to man

( Newsome, 1956; Warren et al. 1972; Butterworth et al. 1982 ) .,

Variation ip the parasite itself ié another paramater that may
affect results. Saoud ( 1966 ) and Warren ( 1967 ) found that the
prepatent periocd, number of maturing worns, distribution of eggs
in host's-tissues and pathology differed with varying strains of
S. manscni. El Hassan et al. ( 1977 ) also found dificrences

between geographical strains of S. mansoni.

The lack of correlation between protection and i.amunological
maniféstations has long been recognized. Phillips et al. ( 1977 )
observed that serum IgG level increases dramatically, despite
granuloma diminuation, in CDF rats during chronic schistosomiasis.
No correlation between in vitro titres of antibody activity and,
in vivo resistance was observed by Phillips et al. ( 1978 ) in
studies on mice, while Sher et al., { 1974 ) found resistance to

be unrelated to antibody titre or PMM-dependent cytotoxicity. It

is assumed that such lack of relation is observed bocause the
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antibodies cor cells measured may simply he unrelated to thosa
regponsible for transfer of immunity. This has undesireable
consequences. For axample, although many scrological tests
are available for éhe diajnosis of schistosomiasis; since-
they detect antibodies which bear little relationship to the
course of the disease, they cannot be used to assess the

intensity of infection, prognosis or curce ( Sadun & Gore,1270)

In vitro methods of analysis of immune mechanisms have thoiet
advantages and drawbacks ( Butterworth, 1977 ). Phillips ot al.
{ 1977 ) contend that no in vitro method, including both
hunoral and celluiar techniques, have been shown to accuratoly
mirror in vivo resistance., It has also been reported that
reactions which damage schistosomula in vitro may not
necessarily be operative in vivo. For example, a complement.
dependent antibody from rats, although lethal to schistoso ..
mula in vitro, has no effect on the parasite in vivo ( Shoer
et al. 1974 ); thus diréct applicatlion of in vitro results to

the in vivo situatgon is not fully reliable

Cross reactive antigens have been reported between
5. mansoni and other parasites such as S. bovis and Trichinclla
spiralis ( Sadun et al. 1962b }, 8. hacmatobium ( Smith et al,
1976 ), While advantageous in conferring some degrec of
heterologous immunity, such cross resctions also complicate
the analysis and interbretation of results. Perez et al. {1974)
also found that results obtained using different methods such

as lung assay, liver assay, etc are not concordant sometimes.
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Je MATERIALS 4ND METHODS

Experimental animals

Rats

Wwild Arvicanthus sp rats were collected. from Debre Berhan,
Ambo end Bole International Airport areas using conventional
traps. These areas are not endemic for schistosomiasis;
therefore the rats are in all likelihood schistosome ~ free
prior tc challenge in the laboratory. 15 - 187rats were put
in one cage and maintained on rat feed, bread and occasionally
carrots for about 2 months, after which rats that had contracted
disease from the field died. The rest were used for the exper -
iments Welght ~ matched rats were put in each cage so as to be

used as a unit for the different parameters considered.

Snails

Infected Biomphalaria pfeifferi snails were obtained from
the collection of the Pathobiology Institute from Kemisse, VWollo.
Others were collected from canal sites from the VWenji Sugar
Plantation. Cereariae were shed by photic expesure for about
45 minutes. Cercaria collected from different snails were
pooled together in order to increase the sex ratio proportion
of female:male towarssl:1l. However different number of snalls
were used for the different groups of rats; this is reflected

fajrly in that rats of different groups ( parameters ) show

differences in egg loads ( Sec Table I ),
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Infection of rats with schistosome cercariae

et e

The lowest number Qﬁ cercariae needed to malntaiin infection
without being lethal was determined by exposing rats to 100,
200, 300, 400, 600, 800 and I,OQO cercariae and it was found
to be 300 cercariae. Drops of water containing the cercariae
were counted under 100X objective after immobilizing the
cercariae with Lugol's Iodine. The number of drops adding up
to 300 cercariae was then addeq at the tail and leg regions
of rats immersed in 100 ml of aged water. Rats were kept thus .
for about 45 minutes after which the water was checked Jor
any remaining cercariae. As-a routine, about 80% penctratlon

was observed.

Transfer times

The time of challenge with cercariae was denoted as doy o
and cell transfers were done either before challenge ( negative
days )} or after challenge ( positive days ). The choicce of the
transfer days is arbitrary, hence there is no consistont
pattern either in the number of rats used in each group or

in the trahsfer dates themselves,

Fractionation of lymphocytes and transfer procedurc

Donors were sacrificed at the end of 1.75, 2, 2.5 and 3
months infection and their mesenteric lymph nodes; hepatic
lymph nodes and spleens excised and put in Hank's balanced
salt solution ( HBSS ) supplemented with 5% fetal bovine

serum { Sher et al. 1975 ). Individual cells were collected
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by pressure sieving using slight modification of the nethods of
Corba ( Personal communication, 1981 )., Briefly, lymph nodes and
spleen were first minced into small pieces, then gently crushed
using modified rubber stoppers on a sieve of mesh size G.2 nm.
Cells were washed with HBSS and left to stand for about 15 min.
The supernatant was sucked out while the remaining cells were
gently shaken to form uniform cell suspension { Weir, 1978 ).
Such concentrated cell sﬁspénsions were pooled and resuspended

in 2 ml HBSS for injection.

Fractionation was done in columns of glass wool fibre as of
Greaves et al, 1975 )y and the cells layered into a total
volume of 2 ml HBSS. Since fractionation was run only once, the
presence of cells other than T-cells in the eluate cannot he

ruled out,

Before injection the viability of the cells was checked by
ﬁhe Trypan Blue dye exclusion test ( Wakelin & Llyod, 1976 ).
As a routione about 80Y% viable cells were noted. The number of
t;ansferred cells was estimated using slide gridding and further
verified with counting chambers. Ain estimated 3 - 5 x 106 cells

were present in 2ml HBSS,.

Assessment of protection

Egg load of the liver and the intestines was estimated
following the method employed at the Pathobiology Institute

( IPB Handbook, 1969 ) and also according to Smith et al. ( 1977 ).
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Briefly, weidhed amounts of liver, small and large intestines
( corregponding to the ileum and colon in rata ) were put in
10 times their volume of 4% KOH and incubated at 55°C for 2 hours
or 40°C for 3 hours. This mixture was homogenized using magnetic
stirrer, 1 or 2 ml samples were counted under gridded petridishes
using 20X objectives. /s many as 6 counts were done for each
sample and each was done twice by different people. The average
number of eggs per square of the grids was cobtained and the

number of eggs per gram of organ calculated using this information.

Adults were perfused with a 50 gauge needle according to the
usual method ( IPB Handbook, 1969 }, Scmetimes this was not very
efficient, ,so that physical search in the mesenteric and portal -

veins had to be undertaken to recover as many adults as possibles

Statistical treatment

Student's t-test was employed to determine the significance
of the differences in mean egg loads and adult burdens between

experimental and control groups ( Snedecor & Cochran, 1967 ).
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4 RESULTS AND DISCUSSION

Cutbred Arviquthus sp rats were used to assess Lhe effect

of adoptive transfer of cells ( mostly lymphocytes } during
S. mansoni infections. One possible'limitation of such a study
is allogeneic rejection of transferred cells between histo -

incompatible strains.

Experiments done for other parasites ( for example T. spiralis )
indicate that allogeneic cell transfers between diiferent
strains of mice ( for ekample NIH and B.10 ) has a positive
effect on worm fecundity in recipients ( Wakelin & Donachie,
1980 ). In guinea pigs, it is also observed thal passive transfer
of immunocompetent allogenelc cells results in prolonged
survival and protection in recipient animals ( Katz, 1977 ).
Thus although no previous inférmation on cell transrfer using

Arvicanthus rats is available, it is envisaged that adoptive

transfer may also lead to protection in some way, cither through

effect of transferred cells of GVH reaction.

It is not exactly clear how transferred cells act in -
conferring immunity te recipient animals. Tt has been suggested
that transferred mesenteric lymph node cells ( MELIC ) do not
act directly on parasites but cooperate with other components
of the host's immune system ( Wakelin & Wilson, 1977 ), Weir
( 1978 )}, for example, says that cell - mediated immunity can

be adoptively transferred either by sensitized cells or their
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products. Thus, one area of cooperation may be botween sensitized
T—-cells which release lymphokines and other effector cells which
are accordingly stimulated., It is not hard to think of the
situation where lymphokines released from egg-sensitized cells
such as eosinophil stimulation promoter ( ESP ), macrophage
activating fectaor ( MAF ), etc, may lead to an enhanced response
and to kiiling of the schistosome barasite during adoptive
transfer, even allowing for their elimination some tine after
introductionio On the other hand, T-cells could elevato circulating
antiw.egg antibody responses, thereby blocking the offcrent arm of
the granulomatous response ( Chensue & Boros, 1979 Je Sensitized

lymphocytes also function in the induction of immunolecgic

competence to uncommitted blast cells ( Weir, 4978 ),

(i), Effect of transfer of schistosome - sensitized
cells on resistance of recipient rats to

S. mansoni infection

Cells from donors infected for 1.75, 2, 2.5 and 3 months
previously were transferrad into recipients which were then
challenged with schistosomes and sacrifiéed 3 months post -
infection. The ability to resist infection was asscessod by eqgg
load and adult burden in these rats compared to control rats

which were only infected. Results are given in table I,
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It can be seen that some protection is transforred by cells
from donors infected 1.75 months previously ( PJ0.05 ),
Oviposition starts 1.5 months post - infection ( W.ll.O. memoranda,
1974 ) and it appears that one week after egg « laying, there is
some stimulation by egg antigens and this can be transferred
adoptively. However, the rather smaller protection obscrved may
be due te inadequate sensitization of the cells, since the post-
oviposition period is short, It can be seen that cells from 1.75
menths have a deletericus coffect even on adult schistosomes. Tt
is reported that aduit antigens are detectable as carly as 2 - 4
weeks after infection ( Houba, 1980 ), and it is attractive to

speculate that such antigens may sensitize circulating lymphocytes.

On the other hand, cells from 2 month - infected donors give
almost complete protection to recipient rats ( P{Oo001 Yo It
appears that 2 weeks post~oviposition there is encugh stimulation
by egg antigens which may sensitigze lymphocytes to produce
iymphokines 1n abundance. This is further supported by the fact
that cells were not fractiocnated for this group of rats. Thus
the lymphokines produced may have a stimulatory efifect in the
recipients as, for example, in mobilizing eosinophils ( ESE )
or macrophages ( MAP ) to effectively kill the parasite at an
early stage { Kagura et al. 1975 ). The almost complete attrition
of parasites before they reach the adult stage further supports

this view,
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Transfer of cells from donors infected for 2.5 months affords
no protection to recipient rats ( P{0.5 ). It is probable that
suppression of cell -« mediated response may have occured at this
stage of infection., This concept of suppressisn of cell - mediated
reactivity which results in granuloma modulation during chronic
infections of S. mansoni has been well established ( Chensue &
Boros, 1979 ). However the early suppression in Arvicanthus sp
raks ( 10 weeks ) may be a reflection of its high susceptibility
to infection by S. mansoni. For instance, sercsuppressive factore
are readily formed in susceptible hosts { Todd et al. 1980 ) ,
The higher egg leoad and adult burden in these rccipicnts as
opposed to controls is puzzling, but this may be due toe the small
size of the controls used for comparison, or the heterologous
effect of the cestode: infection in these controls. On the other
hand the involvment of mechanisms quite unrelated to suppression

should also be considered.

Partial transfer of immunity is acquired from colls obtained
from donors infected for 3 months ( P{0.01 ), It is possible that
blocking mechanisms against egg antigens are uplifited at this time

of infecticn while those against adult antigens apparently are not,

There are adequate reports of adoptive transfers from chronically
-infected cells and serum ( Sher, 1977 ) and splecen cells ( Chensue
& Boros, 1979 ). Such transfers usually affect the later modulatory

phase of hepatic granulemata ( Phillips et al. 1977 ) as is further

supported by the performance of Arvicanthus rats in this case too.
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infected for different periods of time

Frotection in reciplent rats that had recieved sensitized cells from donors

= conocs (months) lana adulte no. | 3207950 (Rete) [ Memn spg 48 (Rege) [EIC,
Liver ‘ 13,102ir8,277C6)o 39,287+ 23,113(5)° | 66,6
Small intest. 15,111+ 4,026(5) 36,148+ 36,767(5) 58,2
; 1.73 Large intest. 12,794+ 5,452(6) 33,889+ 26,883(5) 65,2
Adults 15 + 13 (4? 19.2 + 12,8 (5% 21.8
Liver 1.201 + 2,657(13) 8,443 + 2,540 (7) ) 85,7
: Small intest. 34.9 + 67 (12) 2,315 + 1,404 (5) | 98,5
E 2 Large intest. 24.4 + 45 (12) 8,088 + 5,717 (7) 96,7
Adults 2.5 + 3 { 5} 11+ 7 (3) 770
Liver 113,024+ 13,170(5) 7,078 + 3,354 (3) -84
| small intest: 8,074 + 7,129 (5) 7,461 + 4,970 (3} | ~8,2
3 2.5 Large intest. 15,819+ 27,035(5) 5,987 + 2,946 (3) ~164.2
i hdults 527.2 + 24,9 (5) 15.6 + 4o5 (3) ~74
e e e -




e A o b

~]
4
@]
(%)
[V
+

9,355 (13) i 39,207+ 22,113(5) ©

. 3 Liver 58290
i | Small intest. 7,005 + 9,897 (13) | 36,148+ 36,767(5) f8006
° Large intest. 6,359 + 9,054 (13) 33,889+ 26,883(5) 81,2

hdults 9,3 + 14.8 (11) 19.2 + 12.8  (5) 51.5

* Rzts in each group received cells before and after challenge infections.

Recipients of cell from donors infected for 1.75 months had challenges ( 0d,+2d,+6d },
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those of 2 months on { %21d, -4d, =24, -~1d, +2d ), those of 2.5 months on ( —-4d4, +6d)
and those of 3 months on ¢ -174, =34, ~1d, +id, +54 ). epg= Yggs per gram
*% Controls were challenged at the same time as respective reclplents but recieved

no cells

Plifferent animals are represented because some samples wre not c¢censidered, in cases
like inadequate perfusion of adults, breakage of vials..etce.
@Same controls used because infected from same pool of snails.

% protection expressed as Mean eggs/gm of controls — Mean eggs/gn of experimentalxi00

Mean eggs/gm cf controls
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Yewever it 1s intercsting to determine what causes uplifting
of offcetor mechonisms against egg antigens, as opposed to
adults, in such 3 month-infected donors. Perhaps some egg
antigon-—sensitized lymphocytes from chronic infections may
stimulate "memory cells" in recipients and these act selectively

against target egg antigens later,

wxperiment was done to investigate if infection was required
for the cells to adoptively transfer resistance. Although no
test Fo¥ sensitization was done, it is assumed that repeated
g excretion.from the schistosome parasite into the host's
tissues r.sults in 'sensitization' of the host ( Domingo &

Yarren, 1968 ). If sensitization can be transferred by cells

from 3 wonth-infected donors, then the effect of sensitization

o]

¢ se can be evaluated by comparing recipicents of normal cells

-

and those of sensitized cells., A selection is shown in table IT,

It can be seen that recipients of sensitized cells have on
the average lighter infections than recipilents of normal cells.
Mo deofinite conclusion must be hastily drawn from this result,
‘howevere Tt is likely, for example, that immunity is transferrad
by the eosinophlls that are transferred with the other cells,or
the GVH reaction may be responsible for the observed immunity.
Takelin and Donachie (1980) however also found that transfer

off mesenteric lymph node cells from uninfected donors had no

effect upon worm populations in recipient rats,
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Effect of transfeor of cells from noerinal. versus

infected donors on ability of recipient rats to

" resist challenge -infection with S. mansoni

ERP I

Egg Load in

[ P SR

Transferred Rat e
cells No. small large Adults
liver intestine intestine
*
1 22,800 11,435 6,612 7
2 28,900 13,722 33,333 13
Normal 3 87,762 59,633 10,795 16
cells
4 18,419 55,727 1,900 9
1 17,784 26,839 25,334 6
2 0 0 0 0
Sensitized 3 O 0 0 ¢
cellg*e
4 16,000 10,795 0,708
400 156 a0 N
6 540 80 120

* KEggs per gram of organ

*+ 3 months infection (

both cestode

infected and non-infected rats are considered, hence the obvious

variation observed J}.

N.D Not done

It appears that cells from 2 months post-infected donors give

maximum protection against S. mansoni infections in recipient rats.

In mice infected with T. spiralis, "Wakelin and Jilson ( 1977 ) also

found that only MLN cells of mice infected for 4, & or 8 days are

capable of transferring immunity, while Corba { pers. comm ) found

that only lymphocytes from rats infected 8 - 10 weeks previously

with F. hepatica conferred protection to syngenelc recipients.




(ii)s Effect of variation in the time of transfer
( relative to challenge ) oh resistdnce of

recipieht rats;

Tahle III shows result of protection obtained from transfer of
cells at different times relative to challenge day. It can be seen
that transfers done as early as, or later than, 2-3 days of -
challenge are protective. This is not surprising since the host's
immune system is mainly directed against the early stages of the
parasite ( Phillips et al. 1978 ). As demonstrated by in vitro
exXperiments, such killing involves mobilization of effector cells
such as eosinophils and macrophages against the early schistosom-
ulum by transferred celis ( Capron et al., 1982; Butterworth, 1977 ).
Like serum transfer regimens, which are usually effective if
transferred before 2 days of challenge ( Knopf,'persocommo Sher,
1977 }, the transfer of sensitized cells also appears to he
effective when transferred on days near the day of challenges
This is also supported by Wakelin and Wilson's { 1977 ) wor,
in which they showed that only cell transfers made close to the
challenge date are effective in transferring resistance against

T. spiralis infections in recipient mice.
To spiralis |

It is surprising that éven transfers done 2 or 3 weeks
previously afford protection to recipients. Although elimination
of lymphocytes after long periods of introduction is likely ,%*he
possibility of induction of resistance even after such elimination

is borne out well by results of recipient rats of cells transferred




36w

Table IIT. Protection in recipient rats by adopltive transfer

of cells at different times relative to cihallenges

i e Tt e A . x| e m s

R e R I I S “mL- e

Trans Donors' . N R D
. 3 = - iz 3 S ¢
¢ fer .infection: ) , ©pg organ iSD ;epg organts %Egiizn .
time |per (mon)f Parameter i (Bxperimental) ( Controls)
¥
i : . fk : _‘_ e e b e ettt s ek = S A Re e K e R e Be At i s e s '__‘
-21d 2 Liver 3134280 (3) 8,586+3,056 (7)
Small int.! 118+54 (2) 2,315+1,404 (5) { N.C. |
] - [ nH - i (See
Large int.} 100+28 (2) 8,088+5,717 (7) toxt)
Adults N.Do 1ie3+6,.6 (3)
- e e e e e e e e e e
~17d 3 Liver 47,914+453,114(3) 245427,535(6) 6.8
Small int.| 44,804+42,489(3) P51 861542,148(6) 13.6
Large int.! 46,841+46,807(3) 43, 233+3O 606(6) =8.3
Adults { 17+15.5 (3) ; 25.6+2049 (4) 36
' —
— e .
~4d 2 All para- | O (3) control 1 100
meters
—— o e
-3d 3 " 0 (1) | control 2 ! 100
~2d (3{4
+1d 2 " 0 (5) ’ contrl 1 100
+2d ' 2 Liver ‘' 1,315+2,682 (3) 84051
Small int.! 36481 (3) control 1 i 98,4
! Large int | 18.6+41 (3} : 9947 |
: ; Adults | N.D. . { NoD i
: i —— s mm s r— r. O . -t e
#5d | 3 . Liver ©19,07243,166 (3) 1 L 6004 !
5 3 Small int i 16,663+5,117 (3); control 2 : 01085
| i Large int | 13,368+4,597 (3)] D 67,7 !
- 1
’ Adults 34,5+6. 4 (3) ; -30. J
- i
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three weeks ( =21d ) or 2% weeks ( hi?d ) previously. As
expected; the level of immunity cohferred is not high. The
high attenuation of infection in recipients of cells that
were transferred 21 days before ( ~21d ) is puzzling, but
such an anomaly is probably due to some methodol®dical error
and to the small number of rats used for comparisonj the

result is therefore not considered ( N.C ),

Transfers dene 5 days post-infection ( +5d )} also give
protection. It is known that cercariae metamophose into the
schistosomula in the lung by days 5-6 post-infection ( W.H.O.
memoranda, 1974 ), where the host's immune system traps then
in a lethal inflammatory reaction ( Von Lichtenberg et al., 1977 ),
Thus transfers done at this time may augment and enhance the
killing reactions, accounting for the protection seen in these

rats,

From these results it appears that adult and egg antigen .-
sensitlzed cells may be transferring resistance against the
early stages, of cercariae and schistosomula, In view of common
antigenic determinants between the different stages of the
schistosome parasite, this is not strange ( Kagan & Pellegrino,
1961 ). For example, Bogitsch and Stephan ( 1976 ) have shown
that protection can be effected against challenge infections by
cercarial antigenic preparation ( CAP ). In other cases it has
been ducumented that portal tranfer of adults also results in

protection against challenge infections { Smithers, 1976 ).
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(iii).  Effect of heterologous cestode infections on
resistance of recipient rats against challonge

infections with Schistosoma mansoni

This investigation was carried out due te the freguent
observation that rats which had concomitant cestode infections

( Hymenolepis sp ) contracted from the field usually had more

attenuated S. mansoni infections when compared to cestode - free
rats. Accordingly , selected rats from recipients of cells from
2 and 3 month-infected donors were used to see the effect of

heterologous immunity. Results are recorded in table IV,

Recipients of transfer cells and cestode-infected rats have
lighter infections as compared to the vther categor'? in -’
table IV. Rats which were cestode-free but had recieved transfer
cells also developed only moderate infections, while non~transfer
but cestode~infected rats develop severe infections on challenge
with S. mansoni cercariae. Thus it is fafe to conclude that the
main protective effect is due to transferred cells and whatever
effect is obtained from cestode infections is only of sacondary

importance.

Closer examination of the data in tabhle IV will show that egg
distribution in the liver and intestines is affected by cestode
infection. For example, recipients of cells and at the same time
cestode~infected rats have more eggs in the liver than in the
intestines, while the reverse is true for recipients of cells

from 3 month-infected donors. The overlapping of cestode
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Table Ik\’rt

. Donors
‘action
od(ﬂoptnu,

,1_

1
13
i
i
i
i
p
;

i
-
{

l-l.‘

.~
'DG“"_'I_

- -

(5]

LA

Effect of cestode infections on ability to resist

Fal
-)C

-—

stosoma mansonl infections in Arv1canthus rats.

Category of rats

ggs/gm liver

eggs/gm intestines |

H ie X : I'xdults 3
3 cells rec. Cestodes |+ SD ( Rats } | + SD { Rats i i
e * | is
1 i —_— L ? g‘
+ i94+2oo (10) 43+92 (10) NoDa

i !

; n 4,891+3,954 . T3) 265+127  .{2) 4.6+1.5(3) |
! 4 - - {

4

- 39,865+2,379 (3 4,299+2,187(3) N.D ;
e - {

: i
;
|
3 + 4,826+8,258 (7) 10,235+19 ,865 N.D ;
: (7} }
i i ‘
i + 14,474+8,925(4) |  25,519+17,316 24.5+16(4) |
P | (1) - 1
5 _ ‘ . i
| - 43,231:28,23367)i 65,491+46,404 18+10 (7) °
i % (7) §
; i |
i I i ‘ i
i _g — Ei - - L--‘———_——-—_—'-.—_.j
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infections in these recipients thus appears to calse a shifi in
egy distribution. Interestingly enough, this condition is also
observed in cestode-infected rats which had not recieved any
protactive celisn It is thus probable that the shiff in egg
distribution is caused by the physical presence of the cestodes

in the intestine.

The appearance of more eggs in the liver of maximally -
protected rats ( recipients of 2 month-sensitized cells } may
probably be because of the efféct of the transferred cells on
the early stages of the parasite. The higher egg load in the
intzstines as opposed to the liver in recipients from 3 month -
infected donors is likewise because of the effect of cells from
chronic infections on the later modulatory phases of hepatic

granuloma { Maddisson & Kagan, 1979 ).

Tt is interesting to determine how cestodes cause immunity
against infections of S. mansoni and how they affect egg distrib.-
ution. Do such phenomena involve immunological enhancement or
mechanical obstruction of egg sites? Ishaak et al. ( 1975 )

found that in mice, the elimination of Hymenolepis diminuta is

thymus—dependent, If the immune reactions against the cestode

infoction in Arvicanthus rats also involves cell-mediated

responses, then it is possible that cross immunity between

Se mansoni ayd Hymenolepis sp. develops during concurrent

infections, It has been reported that 5. mansoni shares many

common antigens with other parasites ( See Literature Review )},
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Attempts to demenstrate cross-—reactive antigens betueen the
two parasites did not give conclusive result. Howevor it was
demonstra#ed that both share some antigens with Cysticercus
Eeniculus and that antisetrum of each precipitataed some factor
in the somatic antigenic preparation of the other, Tt is thus
probable that S. mansoni and Hymenolepis sp. may alsc share
some common antlgens and thus evoke cross immunity during

concurrent infections.

(iv). Fractionation of cells : Ability to

transfer resistance to recipient rats.

4

Fig 2 gives a summary picture of the effect of fractionation

of cells on columns of glass wool fiber before transfer to

recipient rats,

It can be seen that recipients of unfractionated cells have
lighter infections ( P{0.001 ). It appears that in the situation
where different cells are involved, better killing reactions
against the schistosome parasite result., This 1s acceptable in
that the e fector mechanisms against the schistosome parasite
involve the ADCC system, whereby both cells and antibodies are
involved ( See Literature Review ); hence the transfer of
unfractionated cell populations such as B-cells, macrophages,
etc with the T-cells , ﬁaturally enhances the level of immunity

in recipients,
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The ability to transfer CMI by adoptive trimsfer of
fractionated cells from early infections is not impressive,
This is an indication that adoptive transfer against S.mansond,
does little to affect the latter hepatic granuloma phase ,
which is strictly a cell-mediated response { Borosg & VWarren ,

1975 ), this does not hold true for cells frow chronic

infections however, as has been discussed carlicra.

Arvicanth;s 8pe. proves to be an interesting fmmune model
for studies on S. mansoni. It can be readily infoectaed and
undergoes immunopathological changes typical of the natural
courge of the infection ( Kuntz & Malakatis, 1955), is proved
by thils study, it can also be passively protected against

overt disease.

Fﬁrther exhaustive work on immunity in these rats is
desired such as protection by irradiated larvae, 5Bhi, ALS,
immune serum and heterologous schistosome infections. Only
after such exhaustive investigations will it be possible to

relate the findings to immunological protection in man.

This is encouraging when it is known that man also develops
some sort of immunity to schistosomiasis ( Warren, 1977 ).
Thus it mey be possible to protect man in the long run by
immunological manipulation of the results obtaincd from good

immune laboratory models such as Arvicanthus rats,
B L
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If, and when, such immunclogical methods prove to he

feasible, it may be possible to pfotect short-term residents

visiting endemic sites which are important from some point

of view; for example, tourism, irrigation,
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