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Anti-echistosomal vaccines are, at
~egent, little more than a hope and an
Jea, and work in this area is truly in
:ze enperimental stages. While consider-
2112 weork and some progress have oceur-
r., there doés not exist at this time any
celfie that -could qualify for trials in

e s
13

3

4
P,

_mumans, To facilitate discussion of the

yossible  approaches towards a schis-
tosome vaceine, we think it would be
helpful to review the nature of the vac-
cines in use today for a wide variety of
other infectious diseases. Hopefully, we
will benefit by considering the nature of
such vaccines in terms of selecting ap-
rreaches to a schistosome vaocine,

possible

As seen in Table 1, vacecines for
microbial diseases consist of three basic
types : antigen extracts (espeeially in
bacterial diseases), killed woole organ-
isms, "and attenuasted-live organisms
{especially in anti-viral vaceines). Not ail
of these vaccines are entirely satisfac-
tory, and work continues in order to im-
prove them, Of interest to schistosome
immunologists is the fact that the im-

mune mechanisms responsible for ;-otec-
tion were, and in many cases are still,
not well defined ; most of these vaccines
were obtained by empirical methods.

. When we review the work in vaecine
development in parasitic diseases (Table

© 2), one is immediately struck by the fact

that the majority are live organism-type
vaccines. Some of these agents are al-
ready in commercial production, while

-others are only in varying stages of ex-

perimentation and development.

When we examine the work on anti-
schistosomal vaceines, the use of live or-
ganisms is also prominent among the
various experimental immunogens. Live
parasite-type immunizations have taken
two forms : avirulent, zoophilic or hetero-
logous schistosome species or strains, and
radiation-attenuated homologous species.
The third approach, immunization with
erude or purified antigens, represents an
approach with perhaps the widest appeal
among people in this field, but is one
which, unfortunately, has provided the
smallest degree of suecess.

-~

1) XNaval Medical Research and Development Conrunand, Supporicd by VWork Unit Nos. MR041.05.01.
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K.D. NURRELL et al.

TABLE 1. Nature of lmmunog::ns in vaccines for infectious discase (non-parasitic)

LT ———————)

Disense

Immunogen

1. EXTRACTS

o A ool Mg g e I

Piot. Int. Conf, Schisto. (1975)

Cholera . . . . . .. ... .. Crude Fraction of Vibrios i
Plague . . . ... ..... Ct 'de Fraction of Bacilli
Diptheria . . . . . ... .... Purified Toxoid i
Tetanus . . . . . .. .. Purified Toxoid
Meningitis . .. ... ... .... Paritizd Polysaccharide
Pasmonia . . . . . . ... L0 . Puritied Polysaccharide
KILLED ORGANISMS
Rabies . . . . . 0 oo oo v Inactivated Virus
Influenza . . . . . . . ... ... ... Inactivated Virus e
N Killed Rickettsia 1
Thyphoid Fever . . . . . .. . .. .. Killed Bacteria = §
TPolio - L L. L. L . . . Inactivated Virus ‘% i
ATTENUATED ORGANISMS §
Yellow Fever e e e e e e e e Infectious {Attenuated) Virus 5
Measles . ... ... . .. ... .. Infectious (Attenuated) Virus i
Mumps e e . Infectious (Attenuated) Virus
Rubella .. .. .. ......... . Infoctious (Attenuated) Virus
Polio ... .... .. ... Infectious (Attenuated) Virus .
Smallpax . ... .. L. Infectious (Attenuated) Vires
Tuberculosis . . . . ..o 0oL Infectious (Attennated) Mycobacteria
TABLE 2. Nature of immunogens in vaccines
for parasitic discases
Disease Inmnunegen
Coccidiosis Attenuated Qocysts
Hookworm (Dog) Attenuated Lanvac
Lung Waorm (Caule) Aitcouteal Larvag \
— “Very Eaperimental” —
Malaria Attenuatad Sporozoite
Tacniasis (Sheep) Normal Larvae in
Abnormal Site
Filarinsis (Various) Attenuated Larvae :
‘Trichinosis Larval Extract
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EXPERIMENTAL VACCINES IN SCHISTOSOMIASIS

Before presenting some of our work
on the use of heterologous cercarine as
cn nwmunizing agent, we would like
review quickly some of the work of othars
using this approach. As you can se
{Table 3), not always consistent results
have been obtained between different
groups of investigators, particularly in
experiments with monkeys.  Tayler and
his associates (1973) atterpted o novel
«chetie whereby Ity bybrid cereariae from

&
the mating of Sciistosoma rodhaini and
K. Baviz wore used to immunize baboons

against t S. mansoni challeage. The results,
however, were net encouraging., In the
majorily of these cuses, the lovels of im-
munity based on adult worm wecoveries
ware oderate. In contrast, in rhesus
monkeys immunized with the zoophilic
strain of S. japonicum, egg exoretion data
indicated a very high level of inducad
vesistance.  This prompted our experi-
ament” Qlurrell et al, 1973). Briefly,
monkeys were exposed five times to about
1,700 cercariae of the zoophilic Formosan
strain of 8. jeponicum qz:d then challeng-
ed with the lethal Philicnine straja, At
autopsy 6 weeks lnter, 270 fawer chal-
lenge worms survived in the immunized
monkays {Takle 4). Likswise, immunized
monke)ys shed far fewar eggs. When liver
tissue egg counts were coemparsd, how-
ever, no difference was notad. Since the
egg is the primary sgent of the disease,
the level of immunity induced from a cli-
nical standpoint was not satisfactory. The
organ pathology was, as you wauld ex-
beet, considerable in both groups. We
were further discouraged from pursuing
this vaccination approach by the high
degree of difficulty and impracticality in
generating large numbers of immunizing
cereariae where and when they were need-
od. These results do not, however, prove
the unfeasibility of this particnlar me
thed, since the zoophilic strain might be
sufficiently immunogenic in humans to

prevent the asccumulation of unacceptable
numbers of eggs. Bat it would be ex-
tremely difficult, based on these studies
and theose of others, to justify human
experimentation, especially with S. japo-
nicum,

In contrast, the work now going on
in the laboratory of Taylor and Nelson
at \\‘nrchea Farm in London, using irra-
diated cerceriag, appears to offer a more
Lopeful f\g-;mndx. These investigators
hove, with such an experimentsal vaceine,
developed a tru v effective jrocedure in
large domestic animals, In Table §, many
of the earlier studies on the immuno-
genieity of irradiated cercariae are shown.
Consistent, although mederats, levels of
immuanity were induced in rodents with
2-3 kilorads. Someg discrepauncy has ap-
pearad in the case of monkeys, howaven
Attenuating conditions in different labo-
ratories, as well as variations in immuni-
zation protocols and numbars of cercarine
used, may help to explain some of these
contradictions. As already mentioned,

the group at Winches Farm in London
has had very good rosults in shaep. Dr.
Taylor will be prosenting their recent
work at a Iater session which should be
of great interest to all concarned with
vaceines.

Our work along this line has produe-

ed some uncertainties regarding the ease
f standardization of protocols for im-
munizing with irradiated carcariae. In
experiments in mice (Table 6), wa were
not able to induca significaut levels of
inimumity  with  the irradiation doses
u‘:h..ed by othors, usually 2-3 kilorads
Wi t}ni dosage was increased to §-16
immunity <cas obtained. Im-
s, o immunizing worms survived
hés-;\ ir *ﬁaamm levels, Similar fi:‘d-
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K.D. MURRELL et al.

TABLE 3. Selected studics -on heterologous immunily in Schistosominsis

Host

Immuaizing species  Chailenge Species

or strain

Protection

Rhesus Monkey .
Rhbesus Monkey |

Baboons . . . .
Babecons . . . .
Baboons .
Skeep

.....

Rhesus Monkey .

Schistosematiun
douthitsi

Schistosomatium
douthitti

S. japedicum
{Formosan)

S. rodhaini

S. bovis

Hyborids

S. munson?

Schistosoma mansoni

S. Jjeponicum
S. Jjzponicum

S.  mensoni
5. mansoni
S. mansori
S. matiheci

Authors
) Kagan (1953)
) Hsii et al. (1964)
-+) Hsi and Hsi (19583)
(+) Taylor ¢t al. (1973)
-+ Taylor et al. (1973)
(+) Tuylor et al. (1973)
- Tavler {1975)

S 7
TABLE 4. Immugization of Rhesus monkeys with the zoophilic ¥ormeson sirain of
. Sclistosomas japonicen (Mxreil ef al., 1973)

- -

_ . Measurement Trununized Cortrols °, Difference
Adult Worm ( Recovery (X 2 SE) 81 4 26 167 & 15 52
Mean Eggs /g Stool (X & SE) 2+ 6 95 2 17 77
Mean Ezg /g SicoliFemsle Worm 055 0.16 1,402 0.15 61
No. Egss{18g Liver Tizsuz 75,375 71,700 0

TABLE 5. Studies on immunization against schistosomes with frradiated cercarlae

Host Schistosome Species  Radiation Protection Authors
Mice . . .... S. mansoni $Co (+)  Villella (1961)
Mice. . ... .. S. msnsoni ©Co (+) Radke & Sadun (1963)
Mice . . ... .. S. mansoni X-ray (+) Perlowagora-Szumlewicz
) (1569
Miccand Rats . . 8. mansoni ®Co - (+)  Erickson & Caldwell
(1965)
Rats . . ... .. S. mansoni X-ray (+) Smithers & Terry (1955)
Rhbssus Monkey . . 8. mansoni 8Co (2.5k) +) Sadun ct al, (1954)
Rhesus Monkey . . 8. mansoni QCo (4.0%) ) Sadun ot al, (1964)
Rhiesus Monkey . . S. mansoni Xeray (2.0k) ) Smithers & Terry (1967)
Rhesus Monkey . . 8. japonicum Xeray 24k, 48k) +) Hsit et ol (1569)
Sheep . ... .. S. maitheci “Co (+ Taylor {(1975)

Proc. Int. Conf. Schisto.
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DBRVPERIMENTAL VACCINES IN SCHISTOSOMIASIS

tive irradiation levels and those reported
by others may lie in differences in strains
of parasite and host. This experience
should serve as a warning that different

conditions may call for alterations in
published protocols, in particularly with
respect to minimum attenuating irradia-
tion dosa.

We have also investigated another
possible source of irradiation for cercarial
uttentuation with the intent to 1cake
irradiation more adaptable to field-type
conditions. As you know, gamma or x-ray
irradiation is not easily performed in the
field. As such, we have experimented with
ultraviolet light, which has the advan-
tages that it. is relatively safe and can

" “I7.: be generated with simple and easily avail-

able e tipment. ™

Our exp;i'iments have as yet dezlt
on!y with mice, but as you can see in
" Table 7, we were able to achieve moderate
to high levels of protection ; however, we
have not yet induced immunity in the
complete absence of residual immuniza-
tion worms.

I wish to emphasize zzain that, a2l
though irradiated cercarize show great
promise in re'!am,r. to oiker vaccine ap-
proaches, their practicalify is subject to

TABLE 6. Resistance iaduced in NIMI/INMQU®
mice with two exposures fo 300 €*Co-irrndiated
Schistosoma manseri cercarias

Reduction in Chailenge

Level of Ircadiation Vorm Sursival

&) 1§4]
25 0
4.0 29
$.0 49

16.0 55

{*) National Instituies of Health/Naval Medi-
cal Research Institute inbred sirain of white Swiss

mice.

debate. Because cercariae have such a
short shelf life, on the order of hours,
eventual wide application of the proce-
dure, even as a domestic animal vaceine,
will require the maintenance, under ficld
conditions, of large snail-cercariae fac-
tories and sophisticated irradiation sour-
es, This does not promise to be en inex-
pensive and simple task. However, a solu-
tion to this may be near. In an imagi-
native series of studies, James, Farrant,
& Teylor {pers. comm. 1975), of the
London School of Hygiene and Tropical
Medicine, have shown that irradiated cer-
cariae in lerge numoers can be easily
transformzd i vitro to the schistosomule
stage, and injected by needle into the
host, producing immune levels compar-
able to that achieved with cercariae. Go-
ing further, tliey have been successful in
freezing schistosomules down to —20°C
and recovering full infective organisms on
thawing. If schistosomules can be cryop-
reserved, many of the practical draw-
backs to the development of an irradiated
cercarial vaccine can be corrected. What-
ever the eventual outcome, the informa-
tion to be gained by experimentation with
this approach will be of great value to
those inierested in the immunology of
schistosomiasis.

TABLE 7. Resistonce inducad iu mize exposed to
Schistosome  mansoni cercariae  irradiated  with
ultra-violet light (2537 A)

Number Trumn-  Reduction in Chal-

Number nizing lenge worm, sur-
{mmunizations Cercariae vital ($4)

1 50 0

1 100 1

1 250 41

1 500 65

2 500 93

2 500 33

Proc. Int. Conf. Schisto., (1075)




K.D. MURRELL ct &l

X would like to turn now to the third
basic type of vaccine, that of antigen- ex-
tracts. This approach has always had
great appeal to immunoparasitologists
for both its potential practicality and the
: assumed reduced hazards in its use. As
- - reflected in Tables 8 and 9, the results
have been less than promising inspite
of considerable efforts toward this goal.
Immunization with whole eggs, or cer-
cariae, or with their extracts, has failed
to induce protection in all but two studies
of which we are aware. An exciting report
was made 6 years ago by Dodin (1969).

- TABLE 8. Immunization with inactivated egg and cercarial stages or their anfizenic extiacts -

That author claimed to have reduced sub-
stantizslly the reinfection rate in Ambil-
har-trcated children by immunization
with lyophilized cercariae previously
treated with ascorbic acid and copper. To :
my knowledge, though, there has not bsen
2 published follow-up of this work.

The effectiveness of adult worm ex-
tracts has had more claims ; about two-
thirds of published studies reported suc-
cess in inducing protection, primarily in
mice. It must be pointed out, however,
that the levels of immunity induced were
usuelly marginal.

BE

i Immunogen Protection Authars ?
T S i . “
) 1. EggExtracts . .. .= .,...... - Kagan (1958)
—_ Sunithers (1962)
= — Riichie ¢t al. (1952)
: .2, Whole Cercarine . . ........ - Thompson (1954)
= . ~ Whele Cercarize treated with
= ascorbic acid and copper . . . . + Dodin (1569) -
= 3. Cercarial Extracts . . . ... .... + Ozawa (1930)
= —_ Sadun & Lin (1959)
-3 —_ Ritchiz ct al. (1962)
= TABLE 9. Immunization with adult worm aatigcns i
] Resistarce to
= Immunogen Challenge Authors
1. Adult Worm Extracts . . . ... .. + Ozawa (1930)
Adult Worm Extmaets . . . . .. .. -+ Kawanwra (1932)
Adult Worm Extracts . . ... ... + Waits (1949)
Adult Worm Entracts . . . . . . .. _ Vogel & Minning (1953)
Adult Worm Exatracts e e e e + Sadun & Lin (1959)
Adulf Wormy Extracts . . . . ... . + Sadun & Bruce (1964)
Adult Worm Extracts . . . ... .. — Kagan (1353)
Adult Worm Extucts e e e e e s - —_ Ritchic ¢r al. (1-962) i
Adult Worm Extracts and BCG . . . . + Capron & Lesoin (1969)
2. Adult Culture Antigens . . . .. .. -+ Sadun & Lin (1959)
Adult Culturc Antigens . . . . . . . +(M Murrell & Clay (1972)
3. Adult and Cercarial Culture Antigens . .
(Mixed) . ... .. ... .. (+) Levine & Kagan (1960)

Proc. Int. Conf. Schisto. (197%)
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EXPERIMEXTAL VACCINES IN SCHISTOSOMIASIS

In our own study on adult culture
antigen,. ws are compelled to say that,
although a moderate level of protecticn
was induced in the first trial, we were not
able to coufirm that resuit in two sub-
saquent attempts. The highest levels of
immunity induced by antigen extracts
were those reported by Capron & Lesoin
{1959) who used BCG (Bacille Caimelte
Guérin) -as an adjuvant. However, thess
workers have not had consistent sucecess
in repeat-experiments with this procedure
which, unfortunately, seams to be tru
for most of these studies. To illustrate
further the frustration experiencsd by
ourselves, and perhaps by those others

=

struggling with this probiem, we have
summarized our experimentation (Murrell
et a.., 1975) on antigen extracts made in
a variety of ways in Table 10. As you
can see, we consistently failed to produce
immunity with crude adult worm extracts,
regardless of the adjuvant employed, ex-
cept in an initial experiment designed to
recover surface-associated antigens using
S molar notassium chloride (3M KC).
Frustratingly, we have not been able to
coufirm those initial results. Again, with
cereatial autolvtic autigen aud, as men-
tioaed, with adult culture antigen, initial
success was followed with repeated

failure.

TABLE 10. lmnmnizaticn with S, #ansond antizen fractions
{Afurscll, Daan and Staiford, 1973)

Immunegen Animal

&2 Reduction in
Zytotoxie Challenge worm
Antihody Survival

1. Adult"'Wonn Crude Extracts

FCA ... . Mice
ICFA . .. .. Mice
Agjovant®
Alem & Zoe: J
porrassis L L. . Mice
BCG . ... .. Mice
FCA . ... .. .

2, Hypereai Salt BExuzet (30 KCH
1oL e e e s Mice
2o a e . Nice
3 . e e

3. Cercaria! Enzyme Ssorctions & . . Mice

4. Corearial Autelytic Antigen
R Mix
2 i e e . Mice
. Mice

Mice

2 e . - - <+ Mic
S Ras . .

Guinea Pigs

Guinsa Pigs

= 0
< 0
4+ 0
-+ 0
< 0
+ 27
+ 1
-+ 0
+ 0
-+ 48
- 0
0 15
- 0 47
] 0
<+ 0

*FCA = Fround's complete adjuvant
IFCA = Iatomplete Fround's adivvant
BCG = Bacilk Caimcue Gudtin

Prod. Int. Conf. Schisto. (1975}
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These results should not, however,
deter anyone from undertaking the chal-
lenge of an antigeu-extract vaccine.
Rather, we hope they will serve to sti-
mulate reflection on the problems asso-
ciated with complex antigen extracts on
which relatively little is known of their
chemical and immunological nature. This
is emphasized in Table 11 ir which we
have attempted to outline some major
problems in this field that may account
for the wide variations in results obtain-
ed by different groups of investigators.

Although it was stated ia the begin-
ring that most aati-microbial vaccin
have come about by eszentially empirical
means, it*is only fair to poiut out that,
in contrast to human schistosomiasis,
microbial diseases often induce very high
levels of resistance, indicating that their
antigens are immunogenically of a2 high
order. In schistosomiasis, the levels of
immusnity, as a resnlt of primary infec-

" tiop, are not always high end, in the case
of humeans, they may be quite moderate.
A solution to the problem of low immu-
nogenicity of schistosomes antizens may
lie in the meanipulation zx€ modification
of antigens in such a manner as {o elicit
immune responsss of 2 greater effective-
ness than would result from normal in-
fection. This undertaking, of course, will
require detailed immunochemical know-

K.D. MURRELL et nl.

ledge of the antigens. At the same time,
a precise understanding of the mechanism
of immune resistance would be of im-
measurable help in reaching that goal.

Towards that end, we are studying
in our laboratory the role of humoral
antivody in protection. I would like to
preseat ons current experiment which I
think will illustrate the potential contri-
butions that an understanding of the im-
mune mechanisms can make towards
vaccine development. In this experiment,
we attemptied to evaluate the role of
reagins, or homocytotropic antibedy, in
imimune protection. Ishizake et al. (1657)
have suggested that reaginic antibody
meay have an Lnportant role in infectious
diseases by promoting, through its indu
tion of vascular permeszbility, the trens-
location of increased amounts of antibody
and cells into the infected tissues. This
has bzen adapted by us in a hypothasis
illustrated in Fig. 1.

We tested the hypotheses by implant-
ing intradermaily (i.d.) in the abdominal
skin of mice, mouse sera with a high titer
of reagin. The mice were also injected
intravenously (i.v.) with serum from im-
mune mice having a chronic infection.
Seventy-two hours after the implantation
of reagin, the mice were challenged by
allowing 100 cercariac to penetrate

TABLE 11. Difficulties encountered in reproducing imununizaticn restlfs
obtained by different investigators

Some of these cifficultics may be duc to the:

1. Usc of different schistosome and host strain;
2. Inadequate standardization of methogs and protocols, particularly in preparing antigens and

in asscssing host resistance;

3. Faulty cexporimental designs resulting in inadequate numbcors of test animals and insufficient

controls; and

4. Scarce immuncochemical information on schistosome antigens, particularly with regard to antigeu

susceptibility to enzymes and to changes in physical-cheniical corditions.

Pro¢. Int. Conf. Schisto. {1875)
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Fig. 1. a2 migration of (he schistosemaie teroush ikt Comls —==F, Gmomeh the &abora-
. tion of anlig=ns, trigger an immadiate hypersensiiivity reaciion; (ais rexction mmay

in tamn promote the transiseotion of aptibetics 2nd Xifer colls into the thsre site.

Tals segmazer of Intervelaied omueng reactions is the basis of of the” Gatekseper

Hypothesis™™

througn ths serum-izfimatsd skiw site.
Table 12 presents tha resuil
rariment.  Afee =
serum iv. and repgin g
fewer surviving
controls. Eowever, these Lwo antibodies,
in combination with normal mouse serum,
iailed to protect roica.

Hl

These resulis in themselves do not
prove the indispeassble role of reagin and
immure IgG z=nd will reguire confirma-
tion, but they do encourage us in the
belief that it may bz possible to induse
such protective immune responses by
selecting from the Izrge armsy of schisto-
some antigens those capebie of inducing
cffective reagin and effective IgG res-

-

ponses. Such knowisdge wouid pormit

bolster i{neir Immunogenicity. Regaxdless
of tha eventuni cutcoma of this partieniar
work, the aoproach serves @s an txample
of Low ¢ofined immuze mechanisms can
furiiier our search for a vaccine.

exist grounds for optimism that an im-
munological control of schistosomiasis
csn ©2 devaioped ; the attepuated-live cer
czria2 approach sertainly warrants Som-

tinusd support and interest. At the same
time, encoutagement must b2 mainfaized
for those zilempiing to unravel the com-

-

. ) . s
plex imnmume respons: to schislesomias's,

{his dongerous and successiul parasite,
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TABLE 12, Test of Gatekeeper Mypethesis ¢ Mouse Protection Tost

Group®

I 111

Serumid ., . ... ..., IgE
Serumiv. . ... ..., 182G
Adult Worms Recovered (X -SE):  13.8:12.4

IgE NS NS
NS IgG NS
19.1:4:1.9 29.2:1:4.0 25.7:+3.9

NS -+ NS v

IgE + 1gG = 47%
Ns -} IgG = 0%

; % worm teduction
lgE o} NS = 26%

- <,

* 10 mice/group; NIH/NMRI females

Ig% = mouse rcagin with PCA titer of 1 : 1200
1gG == scrum froin mice infected 7 months

NS = pormal mouse secum
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