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EXpERDIMENTAL VACCINES IN SClItSTOSO3jlASIS.Z, 3

IL Darvin l iurrell, Patricia linard, W.P. Carney,

D.A. Dean, W.E. Vaunier and William G. Clutter

Naval Medica2 Research. Institute, Natio w l Naval
Medical Center, Bethesda, Maryland 20014, UMS.A.

Anti-chistosomal vaccines are, at mune mechanisms responsible for 1;'otec-
;:.-scit, little more than a hope and an tion were, and in many cases are still,
-.Ja, and work in this area is truly in not well defined ; most of these vaccines
-a e, erimental stages. While consider- were obtained by empirical methods.
.3 i2 work and some progress have occu!r- hen we review the-work in vaccine
'o.1 there do6s not exist at this time any Wew r ieaoes ie

;'acc'e -tht coudd qualify for trials in evelopment in parasitic diseases -(Table-u) onis imlmediately struck by the fact
hu .... ns. To facilitate discussion of the o

i approaches towards a schis that the majority are live organism-typetosoibe eppagentstowaarea ahi-
S evaccine, we think it would be vaccines. Some of thd agents are al-vciewetikiwolbe ready in commercial production, While
helpful to review the nature of the vac-
crothers are only in varying stages of ex-. .cines in use-today for a wide variety of

other infectious diseases. Hopefully, we perimentation and development.

wvill benefit by considering the nature of When we examine the work on anti-
such vaccines in terms of selectng ap- schistosoma! vaccines, the use of live or-' c.aches to shssoe- =

o a shistosome vacc, ganisms is also prominent among the
various experimental immunogens. Live

As seen ia Table 1, vaccines for parasite-type immunizations have taken
microbial diseases consist of three basic two forms : avirulent, zoophilie or hetero-
types : antigen extracts (especially in logous schistosome species or strains, and
bacterial diseases), killed whole organ- radiation-attenuated homologous species.
isns, and attenuated-live organinsms The third approach, immunization with
(especially in anti-viral vaccines). Not all crude or purified antigens, represents an
of these vaccines are entirely satisfac- approach with perhaps the widest appeal
tory, and work continues in order to im- amon- people in this field, but is one
prove them. Of interest to schistosome which, unfortunately, has provided the
immunologists is the fact that the ira- smallest degree of success.

1) Naval Medical Research and Development Command, Supprkd by *Vork Unit Nos. MRO41.C3.01.

0023A6GL and mF 51524.0090053BF61.

21 .ho o;pinions or assertions cIi6ned herein arc the private ones of the authors and are not to be
constued as office or reflecting the vlcw of the Navy D trr. :'%.nt or the naval servIce at large.
The animals used in this study wcre handled in accorda-cc with the provision- of Public Law
91-579, the cAnImal Welfare Act of 170,O and the princiles outlined In the -Guide for the Care
and Use of Laboratory Animals,, U.S. Department of Hea!.h, Education and Welfare Publication No.
(NTH) M323.



48 K.D, MURRELL et at.

TABLE 1. Nature of Inintunogies In vaccines for Infectious disease (non-parasitic)

Disease Imimunogen

1. EXTRACTS

Cholera ....... ................. Crude Fraction of Vibrios

Plague ................. Ct -de Fraction of Bacilli

Diptheria ....... ................ Purified Toxoid

Tetanus ....... ................. Purified Toxoid

Meningitis ....... ............... Pnrfi d Polysaccharide

Pneumonia ....... ............... Puriied Po!)'sachiaidec

2. KILLED ORGANISMS

Rabies ........ ................. Inactivated Virus

Influenza ....... ................ Inactivated Virus

-' Typhus Fever ....... .............. Killed Ricketsia

Thyphoid Fever ........ .. ... Killed Bacteria

-Polio . ...... ....... Inactivated Virus

3. ATTENUATED ORGANISMS

Yellow Fcvcr .............. ........ Infectious (Attenuated) Virus
Measles ." .. Infectious (Attenua ted) Virus"

Mumps ....... ................ Infectious (Attenuated) Virus

Rubella ...... .. ................ Infectious (Attenuated) Virus

Polio ....... ................. Infe:tous (Attenuated) Virus

Smallpox ..... l .z1necti;'ns (Attenuated) Virus I
Tuberculosis ....... .............. infectious (Attcnuated) Mycobaclcria

TABLE 2. Nature of immunogens in vaccines
Accssion For 7 for parasitie diseases
NTI UI Ii_________

0TA B

Inar~nunced [D DIseri-ie lininunog-en
us tJustfe a t in..

Coccidiosis Attenuated Oocysts
-lookworni (Drg) Attenuated lmrae

}Di " -'b,)~f2,/ .. .Lung Worm (Cauilc) Atienuate-. Lnr\'ao

Av~i ,,' : -- "Vry E.\perimcntal" -

ist c 4 al Malaria Attanatet Sporozoite
Teniasis (Sheep) Normal Larva'e in

Abnormal Site
Filariasis (Various) Attenuated Larvae
Trichinosis Larval Extract

Pot mt Gonf. Sehsto. (ms)
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ueCore prescifing some of our worrli prevent the accumnulation o! unacJceptable
w~ the. use of Iheterologouls curca1TRiC .4s numbers of eggs, Baut it would be ex-

*=-zinizingtel-l ifcl ntgext, we would ikeC to tenydifc Ltbased oil Uxe-e studies
,,,view quickly some of the work of othqrs ani those of others, to justify human
-1111- this ,tproll. As you can see experimentation, especily with S. japo-

('trble 3), not aIlvays conz-istent results ncm
i~av ben otaied btwe~ dffeentInI contr-st, the work nowv going on

It grou::Mlps of Investigators, particularly in ntelbrtr o alradNlo
~Nj)ii1h~tbWIU dOUL3S Ta~ex nd it Will-hes kFarin in London, using irra-

as s"ocintes ('1973) attempted -I novel
wherby F ybrd dite -eren appears to offer a. more

hooeful apinroach. These investiigators
nlh , maing of S6.. 'tomia lodiil; _Id N -nexelzetlvcie

S.bovis were used to i.,* nise baboois .. xan\erxnlacn,
developedl a tr 4 - elfuctiva --rocedure in

lgioweer wer nauot ecoulleng h i th large domestic ainmals. In~ Table 5, manzy
'- oweer~wee nt ecouagng.In he ot the earlier studies onl the inmiuno-

ina~orty of these caeth Aeel ~ e itv of irradiatedA cerearise are shon-m.
___ in~~unity based on adult wormi recoverie ltog odrtleeso

wer xn derte In conrat, n r~ I in'nnunit'v were in1dulued In rodents with
nionke ys inimunized wihv il .o-0 l~ 2-I -iads. Snediscrepallcy has np-
straxinsf S. japonicum, egg exsretion data ardithcaeomnkyowvr

i:fieted a very Igh- level of induced_
m'sis,"auxce. This Prompted our experl- Ateuin o iosindfrtlb-rtre. as wvell as ariations in imnmni-
niuent -(Murrell et al., 219Th). Brlef lvy, nl Poclsadume-fcrar
mionkeys wevre exposed five times to about .nprtolannubrofcrare

I,~O cecarno o th x~ophiic ormsan used, may help to iexplnai some of these
strain of S. iranicum and the ehvillen- contradictions. As alrea dy mentioned, '~

edwih heleha ~the grou -.t Nche Farm in London
* atopy 8wees lter linhs had very ;good results in sheeap. Dr.

lene wrmssurive ~n~heunmni~d Tylor will bepeenting their recn
moneys(Tale4).Likwis. -~~'IZ1 ork ait a l-ater session which should be

moneysshe fa fweres.Whe lier of great Interest to all concerned with
tissue eg cut w - 13 M!ur, howv
ever. no difernewsntdSicth Our work alonZ this line has produe-
egg9 is the primary rgn ftedsae ed some uncertaintiesi reg".rding the ease
the level of immunity induced from a cli- of standardization of protocols for im-
ical standpoint was not satisfactory. The mniiing with irradiated cercariae. 1n

organ pathology wvas, as you woald ex- experimez-As in mice- (Table (3). we were
1peet, considerable in both groups. We no" able to induce significant levels of
were further discournged fzoni pursuing inntiwifty with the irradiation doses
this vaccination approach by the high utlzdby Ohers, usiually 2-S kilorads. ______-

degre~e of difficulty and impracticality in Mfzn the dosaga wvas increased to S-46
"enrating ag ubr fi~ui'~ kikarads, Immnunity iwas obtanined. Tm-

eere'rie where and wheni the' were need- rtnl.no I- niimng wornms survived
ed. These xvults do not, however, prove a t thlese irradiation levels. Similar find- -
the unfeasibility' of this partieular nit- I i- h Cv b 'nrported by Tylor in
thod. since the roophtilie strain might, be she ep. -.kt this time we canl only speculate
Su~fficienitly inununloggpic in humains to th~at the discrepancy between our W6fe-

AD_
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TABLE 3. Selectel studio- oa helerologous imummty In Sch1stoscwansis

H o s t Imwualzing species Challenge Specles Protection Authors
or strain

Rhesus Monkey . Schistosomatiwn Scdzstosoma Mansoni (-) Kagan (1953)~~d uthiti

Rhesus Monkey Schisgosomatium S. japonicum (W) Hsii et al. (1964)
dout hfi -

Rh esus Monkey. S. japoaklum S. 1ponicum (+) HFi and H-sEi (1953)
(Forniosan)

Baboons .... S. rodhaini S. ransoni (+) Taylor c al. (1973)
Baboons . . . S. boris S. inansonj (-) Taylor et al. (1973)
Baboons . . .. Hlybrids S. rnansar~i (7-) T--or et al. (1973)

Sheep ..... .. S. mn.znson! S. manheei (-) Taylor (1975)

Baon ybisS _no~ + .~yo ata. (1973)

TABLE 4. Immnunization of RI'esus tmnkeys vith the zoc.plilic ro--n strain of T

- - Sch stosomjoouicrzn ell et al., 1973)

,easurement Immuanized Controls Difiference

Adult Worm ( Recovery ( %A SE) 81 26 167 : 15 52 !

Mean Eggs/g Stool Oj: SE) 22- 6 95 - 17 77

11Mean Egg /g Stoo'F7cmal.e W.'. 0.55 1 0.16 1.40 0.15 61

No. EZgsjlOZ Lvcr Tiisue 75,375 71 ,700 0

tf
TABLE 5. Studes on i-mmunization against schistosomes wiith irradiated cercarlae

H o s t Sc-istosome Species Radiation Protecwion Authors

Mice ...... .... S. mansoni 60Co (+) Vilidlla (1961)
ic: ....... S. mansoni DCo (+) Radke & Sadun (1963)

Mice ....... .... S. mansoni X-ray (+) Pcrlowagora-Szumlewicz
(1964)

Mice and Rat . S. mansoni 6Co (-) Erickson & Caldwell
(1965)

Rats ....... .... S. mansoni X-ray (+) Smithers&Tcrry (1965)
Rhesus Monkey. S. manso.i 6'Co (2.5k) (+) Sadun ct al. (1964)

Rhesus Monkey. S. mansolid CCo (4.0k) (--) Sadun et al. (1964)
Rhesus Monkey. S. marsoni X-ray (2.0k) (-) Smihrs & Terry (1907)
Rhesus Monkey . . S. japonicam X-ray (24k, 4Sk) (+) s) ct al. (1959)
Sheep ... ...... S. natheci (+) Taylor (1975)

Proc. Int Con!. Scblsto. (1975)
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EX'Fl&IME'AL VACCINES IN SCHISTOSOMIASTS 549

tive irradiation levels and those reported debate. Because cercariae have such a
by others may lie in differences in strains short shelf life, on the order of hours,
of parasite and host. This experience eventual wIde application of the proce-
should serve as a warning that different dure, even as a domestic animal vaccine,I conditions may call for alterations in will require the maintenance, under field
published protocols, in particularly with conditions, of large snail-cercariae fac-
raspect to minimum attenuating irradia- tories and sophisticated irradiation sour-
tion dos- ces. This does not promise to be an inex-

We have also investigated another pensive and simple task. However, a solu-

possible source of irradiation for cercarial tion t3 th-s may be ner. In an imagi-
uttentuation with the intent to make native series of studies, James, Farrant,

irradiation more adaptable to field-type & Taylor (peru. comm., 1975), of the
conditions. As you know, ganmma or x-ray London School of Hy-ene and Tropical

irradiation is not easily performed in the Medicine, have shown that irradiated cer-

field. As such, we have experimented rith cariae in large numbers can be easily

ultrayiolet light, which has the advan- transformed tin vito to the Lhistosormule

- 4 tages that it. is relatively safe and can stage, and injected by needle into the
- - I -be gefierated with simple and easly avail- host, producing immune levels compar-

able eaiment. -able to that achieved with eercariae. Go-
ing furlher, t,,ey have been successful in

Our -experiments have as yet dealt freezing schistosomnules down to -20CC

only with mice, but as you can see in and recovering full infective organisms on
Table 7, we were able to achieve moderte tha -g. if shis.osomules can be cryop-ate
to high levels of protection ; however, we reserved, many of the practical draw-
have not yet induced immunity in the backs to the development of an irradiated
complete absence of residual immuniza- cercaial vaccine can be corrected. What-
tion wao--z.

ever the eventual outcome, the informa-
I wih to ezmphasi-e -za'.n that, al- tion to be gained by experimentation with

thoug.h irradiated cerearie show great this approach will be of great value to
promise in relation to o-her vaccine ap- those interested in the immunology of
proaches, their practicality is subject to sabistosomiasis.

TABLE 6. Resistance Wnl"cd in NIN-INNIEW
tnice wilh two exposures to 500 -CDo-rradiated TABLE 7. Resistme inducA iz mice exposed to

Schistosoma masoi cercarine Schisosomna mansoni cercviaic i-radiated with
______ ~ -uta-yiolet light (2537 A

Relic' Non in Citallenge
Level of Irradiation Wo1u Sarvival Number Tmnu- Reduction ia CIal-

(Kr) (.) Number nizir-g lenge worn, sur-
mmnuzations Cercariae viral (7)

2.5 0
4.0 29 1 50 0
8.0 49 1 100 1

16.0 55 1 250 41
- --- 1 500 66

(*) National h.lstituzes of Hcalth/Navrl Mcdi- 2 500 93
cal Research Institute inb:cd sitraii of whilt. Swiss 2 500 55

mice. _ _ _--__

Proc. Int Cont. SchItto. (175)
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550 U.D. MURRELL ot at.

I would like to turn now to the third That author claimed to have reduced sub-I
basic type of vaccine, that of antigen. ex- stantially the reinfection rate in Ambil-
tracts. This approach has always had har-treated children by immunization
great appeal to immunoparasitologists with lyophilized cercariae previously
for both its potential practicality and the treated with ascorbic acid and copper. To
assumed reduced hazards in its use. As my knowledge, though, there has not been
reflected in Tables 8 and 9, the results a published follow-up of this work.
have been ls thnpromising inspite The effectiveness of adult worm ex-of considerable efforts toward this goal. tracts has had more claims ; about two-

Immunization with whole eggs, or cer- thirds of published studies reported sue-
cariae, or with their extracts, has failed cess in inducing protection, primarily in
to induce protection in all but two studies mice. It must be pointed out, however,
of which we are aware. An exciting report that the levels of immunity induced were
was made 6 years ago by Dodin (1969). usually marginal.

TABLE S. Immunization with inacthated eg and cercari stges or t-eir anti:gc cextracts I = t

Immuftoget Protection Authors

I. ErZ Extracts .... ....... Kan(195S)
Smithers (1962)

Rilchic ct a. (19S2)
2. Whole Cercariac . . . . . . . . . . Thompson (1954) -

Whole Ccriane treated with
ascorbic acid and copper . ... + Dodin (1969) 1

3. Cercarial Extracts .......... Oz-., (1930)
Sadun & Lin (1959)
Ritchic ct al. (1962)

TABLE 9. Immunization with adult iworm aatignns

Resistarce to
Immunogcn Chal'enge Authors

1. Adult Worm Extracts .... ........ + Oza\%a (1930)
Adult Worm Extracts .... ........ + Kawamura (1932)
Adult Worm Extracts .... ........ + Watts (1949) 1
Adult Worm F-tracts ........ Voel & M~inning (1953)
Adult Worm Extracts .... ........ + Sadun & Lin (1959)
Adult Worm Extracts .... ........ + Sadun & tBrucc (1964)
Adult Worm Extracts .... ........ Kagan (195S)
Adult Worm Extracts ........ Ritchie ct cl. (1962)
Adult Worin Extracts an-, BCG . . . -+ Capron & Lcsoin (1969)

2. Adult Culture Antigens + Sadun & Lin (1959)
Adult Culture Antigens ....... -+() Murrcll & Clay (1972)

3. Adult and Ccrcirial Culture Antigens
(MLxed) .... ............ .(+) Lcvino & Kagan (1960)

Proc. nt. Coat. Schisto. (1975)

7M



EXPERDAIMETAL VACCINES IN SCHISTOSOMIASIS 551

In our own study on adult culture struggling with this probk-m. we have
attigc We atue compelled to say that, summarized our experimentation (Murrell
although a moderate level of p. tectin ct a,., 1975) on antin extracts made in
%\as induced in the first trial, we were not a variety of ways in Table 10. As you
able to confirm that result in two sub- can see, we consistently failed to produce
sequent attempts. The highest levels of immunity with crude adult -worm extracts,
immunity induced by antigen extracts regardless of the adjuvant employed, ex-
wer those reported by Capron & Lesoin cept in an initial experiment designed to
(1969) who used BCG (Bacille Caimette recover surface-associated antigens using
Gurin) as an adjuvant. However, these 3 molar potassium chloride (3M KCt.
workers have not had consistent success Frustratingly, we have not been able to
in repeat experiments with this procedu.r confirm those initial results. Again, with
whieh, unfortunately., seems to ba tr-e carcamial autolytic antigen and, as men-
for most of these studies. To illustrate tioaeWd, with adult culture antigen, initial
further the frustration experienced by success was followed with repeated= our-selves, and perhaps by those others fnare

TABLE 10. Imunizatien vith S. r.:,soni antigen f Sctios
- - (iur~ell, Man and Stuffor, 1975)

% Reduction in
1umnilu.e.gen Animal :.V to.' ox Challenge morm

Antibody Suniml

.i. Adult-Wean Crude -Nt mts
FCA . Mice - 0
ICFA-------Mic --

Adjuvan-
Aknm & 5:/

...:"r:L Mice + 0
--..CG ....... Mice + 0
FCA ...... Guinea Pigs 4- 0

2. 1bpcrtier. Salt E:zrac; (3M KCI)
- .. ............. Mice 27
-....-...... Mice . !
3. ............... Guiea Pigs - 0

3. Ccrcarial Enzynme Sccreions.. A Mie - 0
4. Ccrcarial Autelytic Antigmn

I. ... ............ M z- 4S
" ,Mice 0. 0
.. .. .. .. .. ... Mice 0 I s

5. Adult Culture Antigen
1 .... ............ Mice " 0 47
3 . . .... . ..... Ra's 0

*Pe-A F und's coimtplclc adjuvant

IFCA Inompkcl Frvun-'s adiu\-nnt
ICG = Baiile Cani-cte Gu.xIIn

Pre. It. Cont. Schisto (1975)

_ I
11



552 K.D. tMRM.LL et aL

These results should not, however, ledge of the antigens. At the same time,
deter anyone from undertaking the chal- a precise understanding of the mechanism
lenge of an antigen-extract vaccine, of immune resistance would be of im-

t Rather, we hope they will serve to sti- measurable help in reaching that goaL
imulate reflection on the problems asso-
ciated with complex antigen extracts on Towards that end, we are studying
which relatively little is known of their in our laboratory the role of humoral
chemical and immunological nature. This antibody in protection. I would like to
is emphasized in Table 11 in which we present one current experiment which I
have attempted to outline some major think will illustrate the potential contri-
problems in this field that may account butions that an understanding of the im-
for the wide variations in results obtain- mune mechanisms can make towards
ed by different groups of investigator, vaccine development In this experiment,

we attempted to evaluate the role of 7
Although it was stated in the begin- reagins, or homocytotropie antibody, in

ning th -t most anti-microbial vaceines in-mune proteztion. Ishizake et aL. (1957)
have cc.m.e about by ezsentially empirical have suggested that reaginic antibody
means, it is only fair to point out that, may have an inportant role in infectiousI
in contrast to human schistosomiasis, diseases by promoting, through its induc-
microbial diseases often induce very high tion of vascula r permeability, the trans-
levels of resistance, indicating that their location of increased amounts of antibody
antigens are immunogenically of a high and cells into the infected tissues. This
order. In schistosomiasis, the levels of has been adapted by us in a hypoth sis
immunity, as a result of primary infec- illustrated in Fig. 1.
tion, are not always high and, in the case
of humans, they may be quite moderate. We tested the hypotheses by implant-
A solution to the problem *:. low immu- in- intradermaiiy (i.d.) in the abdomi l
nogenicity of schistosms antigens may ski of mica, mouse sera with a high titer

lie in the manipulation and modification of reagin. The mice were also injected
of antigens in such a marer as to elicit intravenously (i.v.) with serum from im-
inmmune responses of a greater effective- mane mice having a chronic infection.
ness than would result from normal in- Seventy-two hours after the implantation
fectiom This undertaking, of course, will of reagin, the mice were challenged by
require detailed inmunochemkcal know- allowing 100 cercariae to penetrate

-TABLE 11. Diffic-lties encountered in reproducing immunizatiin ramIts
obtained by different investigators

Some of these difficultics may be due to the: j.i

1. Use of diffierent schistoseme and host strains; 2-

_ .in assessing host rcsistan'e;
3. Faulty expcraricntal desigirs resulting in inadequate numbers of test a-nimats and instufficicnt

controls; nd

4. S."arcc im unochmical information on schistosomc antigcns. p articularly with regard to antigeu
susceptibility to cnzymes and to changes in thsical-chcmicl conditions.

Proc. It. C mn. ZS-Chlsto. (PTS _

%
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EPIDERMS DERMIS -

RELEASE OF . > -OPE3-

-4- CELLAR

0 SC-1OW E I

REWIXAS & OF AN3~ 
n

Fig. i. Mea. Migncln of er r trirvt; iitkur"i .v ma h

iumm ~ ~ ~ xc kiec lteo er cels iwe the tisscc site.
Tz snnr.A~ Zx.'=U rcart-wmi is z-alzhrsIt ofothe, utelatrec

through the sera-~ae snnm zte. fo-using on these antigens afterapts to
Tab!e -12 prez!ents tir ;c17 Z thtx- bolster their iuncrzwo ity. Regardless

r 4.rme:n- lace re~vf 1:oz"--n' of the eveehur' outcomet- of this palclJ!
seuA~-ad-~ 1-e --: ca-ftok the- -aopn serves as an smi

fewer Scrzvn L w ormfs thUe off hew definal immuane mezhanism can _

Controls. However, thes-e Zt o tioden furti:er our search for a vaccine.
in combination with normal mouse scramIin'nn, e eltntteed

faied ~exist gr:= for optimism that an ma- '
These results in themselves do not muuological control of shstoson-dasi

prove the indisntneble role of reagin and c-a b derxcop e t ~tcd-Iive cr.
immune Ig-G and wciU require confirms-- caae a pproach ezanv.-arrants co-.
tion, but they do en-courage us in the tinned sunnort- and interesL -At the s=- a
belief that it -may be- possib-e to indue w ericouragement musrt be maintained
such protective immnune responses by for thnose attemtn to uavlthe comn-

= selecting from the lar.ge arr-ay offshso isimn epnet ci-eom&
scome antigse' thosa capablei of inducing for ssl'utiens ~othis prob!'-n will derrc-i
effect~ive reagin and effective %GO ves- o0 . k e complete nnderStandin- 74
ponses. Such knowledge would permit of' t.his daneou an ucenssfulpat e

I PnTt- Con?. Schi5& .1951)



554 1.D. INURRETJL at al

TAIBLE 12. Test of Gatekeceper Ilypcthesis :Mouse Protection Test

Group'VI I IV

Serum Ui.d. . ... .. ...... . ISE NS NS
Serum i.v. .. . . . . . . ...... NS IgG N
Adult Worms Recoverd (x ±SE): 13.8~±2.4 19.1±L-1. 9 29.2-L4.0 25.7:L-3.9

IgE + IgG 47%NS + NS vsr. Ns + IgG 0%/ % worm reduction
ISE + NS 26Y.

10 mice/group; NIH-/NMRL femalesI
lg.-mouse reagin with PCA titer of 1:1200

IgG -scrunm from i mico infected 7 montlis
NS -noninal mouse serum
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