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Schistosomiasis is estimated to afflict ten percent of the world

population and is ranked second only to malaria as a cause of severe

morbidity and mortality. Due to the nature of the parasite life cycle,

it~,'is particularly prevalent in underdeveloped countries where a

cultural dependence on canals or streams exists. Thus, development of

an anti-schistosomal vaccine providing long-lasting protection is

essential to control of the disease, due to the likelihood of frequent

infection. Present drug treatment protocols produce very unpleasant

side effects and pharmacological cure of infection does not produce

long-lasting immunity to reinfection.

At present, the most promi si ng candi date for a human vacci ne is the

irradiated cercarial vaccine, first described by Minard et al. (Am. J.

Trop. Med. Hyg. 27:76-86, 1978), where immunity is induced by infection

with 6oCo-irradl=ated cercariae (the free-swimming larval stage of the

parasite). First developed in the mouse model, the vaccine produces

long-lasting immunity with no apparent pathological complications. The

present vaccine affords 70 to 80 percent protection against challenge

infection in several animal models and thus needs to be improved before

human trials can be realistically considered. Utilizing the mouse model

of the irradiated cercarial vaccine, I intend to determine whether the

incomplete immunity afforded by the vaccine is due to the ability of a

fraction of the developing parasites to rapidly acquire resistance to

vaccine immunity, similar to the resistance displayed by adult worms and

reflected in their acquisition of host antigen and lack of expression of

schistosomal antigens. In addition, I intend to focus on the importance

of specific schistosomal antigens in the acquisition of increased
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resistance or susceptibility to vaccine immunity. thereby determining

which antigens deserve greater consideration in attempts to increase

vaccine immunity. Lastly, I will further characterize the mechanisnl of

vaccine immunity by determining if other models of anti-schistosomal

immunity evoke changes in the developing parasite population which

confer increased resistance or susceptibility to the vaccine.

The proposed research employs a system whereby the parasite is

introduced into a primary (I') host on Day 0 via percutaneous infection

with cercar.iae; 6 to 10 days later, lung stage somules will be isolated

from the I' host and transferred i.v. to a secondary (2') host to

complete their maturation. Those lung somule stage parasites wh~ch have

survived in the 2' hosts and matured into adult worms will be collected

and counted 5 to 6 weeks after transfer into the 2' host.

In each exe~riment there will be a normal 11 host group (l'N) and

an experimental I' host group (lIX), a normal 2' host group (2 IN), and a

vaccinated 2 1 host group (2 IV). As shown in Figure I, lung somules

isolated from the I' host of each group will be pooled (l'~ pool, llX

pool) and injected into both types of 21 hosts in a crisscross pattern

(Fig. I) leading to four types of 2 1 hosts -- 21 NX' 2I VX' 2INN, 2I VN•

The percent of survival in the 2' host will be determined by dividing

the adult worm recovery of each 21 V by the adult v/orm recovery of the

corresponding 2'N.This ratio will be called the survival index (SI)

and each experiment will generate two survival indices:

2IVX/2INX=SIX' 2IVN/2INN=SIN reflecting lung somules isolated from l'X

and liN. respectively.
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Each SI is a description of the effectiveness of vaccine ilTTllunity

on that particular lung somule pool. If the survival indices differ

significantly such that SIX is greater than SIN' this will be a

reflection of the fact that the initial development in l lX somehow

produced a lung somule population better able to resist the vaccine.

Thus, a selective event would have taken place in l lX which generated

this vaccine-resistant population.

If SIX is less than SIN' it will be considered that development in

llX somehow generated a somule population more susceptible to vaccine

irrmunity. This would indicate that the experimental manipulation ot'I'X

provlded an environment for the developing parasite which complemented

or potentiated susceptibility to vaccine immunity.

If SIX is not significantly different from SIN' it will be

considered that~rly development in l lX had no irrevers"ible effect on

the somule population with regard to vaccine susceptibility. Such

manipulation of I'X where SIX equals SIN will then be regarded as having

little vaccine-related effect on developing somules.

In contemplating the various aspects of this system, it must be

remembered that what one is actually analyzing is a population of lung

somules and not individual parasites. Thus, a somule population

isolated from l lX may have SIX greater than SIN' indicating that the
. "

population is better adapted to vaccine survival; yet the experimental

manipulation of I'X may itself be lethal for somules, killing most of

them before the lung stage. The survivors of this experimental

manipulation in I'X would have been selected for so~e quality which

promotes vaccine resistance. Therefore, having identified a
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manipulation of l'X which causes SIX greater than SIN' it should be

possible to repeat this manipulation of l'X to then obtain a lung stage

somule population which has been selected for" vaccine resistance. This

population of lung somules could then be analyzed to detenmine what

changes account for the increased vaccine resistance.

The initial study to be performed will determine whether, in

vaccinated mice, passage of infecting cercariae to the lung stage

confers any selective advantage on the sornule population. Simply

stated, these experiments will employ l'X where the experimental

manipulation is vaccination. The importance of this study is that it

will determine if, juring develop~ent in the vacc~nated host, survival

is favored for those somules that have acquired increased resistance to

the deleterious effects of vaccine immunity. In the system I have

. described, such,:~ selective advantage \'Jould be acquired by developing

parasites by the lung sOffiule stage.

Using the experimental description of Figure I, I'X would be

previously vaccinated mice, the same as 21 V. Thus, a result where SIX

is greater than SIN indicates that early development in vaccinated mice

does have a selective effect on the somule population, favoring the

survival of those capable of resisting vaccine immunity. If it turns

out.that SIX equals SIN' then it would appear that no selective effect

is evident, indicating that" resi'stance to the vaccine is not acquired by

the lung somule stage. If SIX is less than SIN' then it can be

concluded that early passage in vaccinated mice confers no selective

advantage. Furthermore, it would also seem very likely that with SIX

less than SIN' the deleterious effects of the vaccinated host on somule
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survival operates for a prolonged period, certainly past the lung somule

stage, and the decrease in SIX -- that is, the greater susceptibility to

vaccine immunity ~- is due to prolonged exposure to vaccine immunity (in

both l'X and 2' V). Therefore, whatever the results of this study are,
,

"

they have enormous relevance to the actual mechanism of vaccine immunity

since at present it is not known if vaccine immunity only acts on

developing somu1es for a discrete per'iod of time or is continually

threatening ,their survival; that is, whether subversion of anti-parasite

iwmunity during the early phase of parasite development in the

vaccinated host -- before the lung stage -- is more crucial to survival

of the parasite than is subversion of immunity at a later stage.

Depending upon the results of this initial study, a number of

qualifying experiments are indicated.· For 'instance, if SIX is greater

than SIN or SI£::1S less than SIN' it \'Ii11 be important to determine if

the initial effects of sornu1e development in l'X can be reversed by

culture in vitro for 48 hours (Fig. II). This will show whether the

early changes in l'X are reversible or permanent.

The second phase of investigation employing this system deals with

the effect of immunization of l'X against various schistosome antigens.

The experimental manipulation of l'X will then be immunization with

schistosomal antigen preparations, or passive transfer of serum from

. immunized or infected/cured animals orhybridoma ant"ibodie's directed

against specific schistosoma1 proteins (Fig. III). In each of these

experiments, if SIX is greater than SIN' it can be concluded that a

selective advantage has been given to those somu1es following

interaction with specific antibody. Therefore, it will be important to
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infected mouse or a BeG or Fasceola hepatica immunized mouse. As

previously explained, SIX and SIN values will be determined for each

experimental manipulation and compared to SIX' SIN values obtained from

i~e,first phase of this project where l'X was a vaccinated mouse.

The interpretation of the results obtained in this final phase will

depend largely upon the results obtained in the first phase. If for a

given manipulation of l'X, such as chronic infection, for example, the

relationship between SIX and SIN is the same as that achieved for

vaccinated l'X in the first phase of this project, than it can be

assumed that while developing to the lung stage, somules are sUbjected

to the same type of selective pressure by chronic immunity as by vaccine

immunity. This would lead to the assumption that both types of immunity

effect similar changes in the developing somule population. Lung

somules from bot~ chronically infected and vaccinated l'X would then be

examined to determine \'/hat these similarities are, leading to a better

understanding of vaccineirrununity. If, however, the relationship

between SIX and SIN for chronically infected l'X is the exact opposite

from that observed for vaccinated l'X, then it will be important to

determine how the development to the lung somule stage differs between

chronically infected and vaccinated l'X. This difference would describe

features of increased or decreased susceptibility to vaccine immunity.

Thi s thi rd phase o"f the study is' then an attempt to further e1~ci date

the mechanism of vaccine immunity.

The experimental transfer system described in this proposal will

therefore be employed to study mechanisms by \-Jhich developing somules

acqui re increased or decreased suscepti bil ity to vacci ne i mmuni ty, to
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focus on the role of specific parasite antigens in host-parasite

interactions which relate to vaccine immunity~ and also to detect

similarities and differences between other models of anti-schistosomal

iwmunity and the irradiated cercarial vaccine.

The intent of the proposal is to identify maturational changes in

the somules which confer resistance to vaccine immunity and thus orient

further attempts in vaccine improvement toward the delay of these

changes.

The research in this proposal will be conducted at the Biomedical

Research Institute (BRI) of the American Foundation for Biological.

Reseerch in Rockville~ t'iaryland. The life cycle of Schistosoma mansoni

has been successfully maintained at BRI for nine years and this is one

of the few institutions capable of supplying the large number of

cercariae nece~~ary for these experiments. The laboratories at BRI~

originally designed for research in schistosomiasis~ provide ample space

and require no renovation and minimal equipment. In addition~ the staff

of BRI includes Drs. Margaret Stirewalt and Fred Lewis~ both

distinguished researchers in schistosomiasis who will be available for

consultation and collaboration. A projected timetable for this work ;s

given in Table I.
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Figure I

Diagram of Basic Experimental System
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Figure II

Protocol to Attempt to Reverse Effects of Development

in l'X by in vitro Culture
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Figure III

Protocol for Preparing l'X by Immunization with

Worm Antigens or by Passive Transf~r of Immune Serum
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Table I

Projected Timetable for Research

Project

Determine kinetics of lung somule
recovery in normal and vaccinated
hosts.

Vaccinate mice with irradiated
cercariae

Duration (months)

3 6 9 12 15 18 21 24 27 30 33 36

xxx

xxxxxxxxxxxxxxxxxxxxxxxxxxx~x

Collect adult worms and prepare
soluble antigen • • • • • xxxxxxxxxxxxxxxxxxx

First phase of research: l'X is
vaccinated mouse • • •

In vitro culture of l'X lung somules
from first phase

Immunize mice with soluble antigens,
prepare monoclonal antibody by cell
fusion (hybridomas) , .,.collect antisera

Second phase of research: l'X immunized
with soluble antigen or recieves immune
serum or monoclonal antibody

Set up alternate models of immunity
such as chronic infection or BCG
injection

Third phase of research: use
alternate models of immunity as
l'X

1)

xxxxxxxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxx

xxxxxxxxxxxxxxxxxxxx



ALtAN H. ~~ITH - LETTER OF INTENT

Schistosomiasis is estimated to afflict ten percent of the world

population and is ranked second only to malaria as a cause of severe morbidity

and mortality. Due to the nature of the parasite life cycle, it is particularly

prevalent in underdeveloped countries where a cultural dependence on canals

or streams exists. Thus development of an anti-schistosomal vaccine providing

long-lasting protection is essential to·control of the disease, due to the

liklihood of frequent infection. Present drug treatment protocols produce

very unpleasant side effects and pharmacological cure of infection does not

produce long-lasting immunity to reinfection.

At present, the most promising candidate for a human vaccine is the

irradiated cercarial vaccine, first described by Hinard et al. (Am. J. Trop.

Med. Uyg. 27: 76-86, 1978), where immunity is induced by infection with

60Co-irradiated cercariae ("the free swimming larval stage of the parasite).

First developed in the mouse model, the vaccine produces long-lasting immunity

with no apparent pathological complications. The present vaccine affords

70-80% protection against challenge infection in several animal models and

thus needs to be improved before human trials can be realistically considered.

The proposal I intend to submit for A.I.D. sponsorship outlines a research

protocol designed to identify those aspects of parasite development and the

host-parasite interaction which are the causes of the less than total

effectiveness of the irradiated cercarial vaccine. This research is crucial
~

to further vaccine development since it will identify the mechanism by which

the parasite evades vaccine immunity. Furthermore, features of the host-parasite

interaction which stimulate these mechanisms will be investigated.



Previous research in the murine model of schistosomiasis has implied

that during parasite maturation tegumental changes in the developing worm

(somule) renders it resistant to vaccine immunity. The consistent survival

of 20-30% of a challenge infection in vaccinated animals is therefore likely

to depend on the ability of this fraction of the somule population to develop

these changes rapidly enough to become resistant to the vaccine. Thus surviving

2G J~ immature parasite stages isolated from vaccinated mice should represent a

vaccine resistant population when compared to the same parasite stage isolated

from non-immune hosts. When injected back into vaccinated hosts, somules

originally isolated from vaccinated mice should survive better than somules

isolated from normal mice. The initial focus of the proposal will be to de-

termine whether or not this occurs. Somules isolated from normal and vaccinated

mice (/' hosts) will be transferred into a second group of normal and vaccinated

mice (2' hosts) and the survival of both somule populations in the 2' hosts

will be compared. These experiments will reveal whether a stage of parasite

maturation confers vaccine resistance - a very important consideration for

further vaccine improvement.

The l' --;.. 2' host transfer system will also be employed to determine if

other manipulations of l' hosts, such as passive transfer of immune serum or

immunization with worm extracts can produce a vaccine resistant somule
re,f/Q.('+

population. Those manipulations Whic~do ~dll idQut;f~ aspects of the host-

parasite interaction WhiCh~~~l~~~'woI'1!l survi~~i)i"'~~:~~sA:C~'Nv:;c~~~'4.J"uc eo

improvement can then be directed at reversing those aspects of the host-

parasite interaction which promote worm survival.
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The research in this proposal will be conducted at the Biomedical
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Research Institute (BRI) of the American Foundation for Biological Research

in Rockville, Md. The life cycle of Schistosoma mansoni has been successfully

maintained at BRI for nine years and this is one of the few institutions

capable of suppiying the large number of cercariae necessary for these

experiments. The laboratories at BRI, originally designed for research in

schistosomiasis, provide ample space and require no renovation and minimal

equipment. In addition, the gtaff of BRI includes Drs. Margaret Stirewalt

and Fred Lewis, both distinguished researchers in schistosomiasis who will

be available for consultation and collaboration. The estimated budget is also
.J (~

based on a two-year tenure and is presented in Table II. The costs are figured

at the curren~~BRI overhead rate of 119.53% of salary and realistical~ reflect

the cost of sponsorship of this research .
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