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Schistosomiasis Vaccine Development: Progress
and Prospects

NR Bergquist

UNDP/World Bank/WHO Special Programme for Research and Training in Tropical Diseases (TDR), WHO,
CH-1211 Geneva 27, Switzerland

The undisputed, worldwide success of chemotherapy notwithstanding, schistosomiasis continues to
defy control efforts in as much rapid reinfection demands repeated treatment, sometimes as often ac
once a year. There is thus a need for a complementary tool with effect for the longer term, notably a
vaccine. International efforts in this direction have been ongoing for several decades but, until the
recombinant DNA techniques were introduced, antigen production remained an unsurmountable bottle-
neck. Although animal experiments have been highly productive and are still much needed, they prob-
ably do not reflect the human situation adequately and real progress can not be expected until more is
known about human immune responses to schistosome infection. It is well-known that irradiated cer-
cariae consistently produce high levels of protection in experimental animals but, for various reasons,
this proof of principle cannot be directly exploited. Research has instead been focussed on the identifi-
cation and testing of specific schistosome antigens. This work has been quite successful and is alread
at the stage where clinical trials are called for. Preliminary results from coordinatétto laboratory
and field epidemiological studies regarding the protective potential of several antigens support the
initiation of such trials. A series of meetings, organized earlier this year in Cairo, Egypt, reviewed
recent progress, selecteded suitable vaccine candidates and made firm recommendations for future ac
tion including pledging support for large-scale production according to good manufacturing practice
(GMP) and Phase | trials. Scientists at the American Centers for Disease Control and Prevention
(CDC) have drawn up a detailed research plan. The major financial support will come from USAID,
Cairo, which has established a scientific advisory group of Egyptian scientists and representatives from
current and previous international donors such as WHO, NIAID, the European Union and the Edna
McConnell Clark Foundation.
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Despite two decades of widespread chemdseen forced to balance responses associated with
therapy with safe and effective drugs the numbeesistance to parasite invasion and against those
of individuals with active schistosomiasis world-that suppress the granulomatous reactions against
wide remains at about 200 million. Although ani-eggs trapped in the host. The coexistence of acti-
mal experimentation has produced a wealth of dateated macrophages, different kinds of T-cells and
and there is overwhelming evidence that humarentibodies, both effective ones and such which
respond to schistosome infection by acquiring dilock protective responses (Hagan et al. 1991,
least some degree of resistance, we know surprButterworth et al. 1992), accentuate the dualistic
ingly little about the protective mechanisms in manaim of the immune system. Clinical trials would
Both humoral and cell-mediated mechanisms aggermit the study of the underlying constituents of
involved in protection but the complex regulatiorthe consolidated response in the human host and
of immune responses does not permit a simple seven if current vaccine candidates may not be the
lution. Even if the development of a schistosofinal answer to controlling schistosomiasis, mea-
miasis vaccine requires a major research effogurable protection will be provided and safety is
many factors justify making the investment neededssured by the availability of efficacious drugs with
(Table 1). It appears that the immune system hdew side effects. It should, in this context, be re-
membered that the pathology is directly correlated
to the number of schistosome eggs in the host and
a vaccine can achieve its effect both by offsetting
parasite entry and development and by interfering
Fax: +41-22-791-4854. E-mail: bergquistn.who.ch  with the production and delivery of eggs.
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morbidity, rather than sterile immunity is the tar-  The design of a successful vaccine will be based
get, only a partially protective vaccine is requirednot only on the most effective way of inducing
(2) high-level protection is consistently realizedmmunity but also on the technical feasibility of
with irradiated cercariae; (3) vaccines have provedaccine production. Therefore, the prospects of
an excellent means of cost-effective control opassage through existing regulatory bodies and the
many infectious diseases; (4) rapid reinfection desase of incorporation into immunization delivery
mands continuing treatment and drug delivery rgpgrogrammes must be part of the strategy from the
quires an infrastructure which must be both elabarery beginning. Schistosomiasis vaccines should
rate and reliable in the long term; (5) expandele developed in close cooperation with the needs
chemotherapy programmes increase the risk of current chemotherapy-based control program-
drug-resistance; and (6) a control approach basetks as the long-term complement to drug treat-
on chemotherapy followed by vaccination wouldment. Drug treatment would obviously have to
integrate short-term effect with long-term protecbe continued after vaccination, albeit with longer
tion. intervals between treatment interventions than
called for in current schedules.
Efforts to develop a schistosomiasis vaccine
deal mainly withSchistosoma mansowhich re-
TABLE | flects the fact that the life cycle of this species is

Schistosomiasis vaccine development: pros and conthe easiest to maintain in the laboratory. This
should not, however, be interpreted as lack of in-

Advantages : Dlsadvant.ages terest in the other main causes of human schisto-
Safe and effective drugs Drug resistance  somiasis; on the contrary there is now a genuine
in use possible interest in developing vaccines agairt
Control programmes Retreatment sched- japonicum(Waine et al. 1997) arfsl haematobium
successful ules required (Trottein et al. 1992) as well.

Immunity acquired naturally Still contended VACCINE TARGETS AND APPROACH

Proof of principle shown beyond Approach not appli-  Using irradiated cercarial immunization, both
doubt (irradiated cercariae) cable for humans cell-mediated and humoral immune mechanisms
Effective vaccine candidates  Protective mecha- Can be seen to develop and contribute to protec-
exist to 70% protection nisms in (up humanstion in given model systems, ranging from rodents
reported largely unknown)  to non-human primates, and by manipulation of

these two arms of immunity, the optimization of
resistance to levels above 80% is feasible (Coulson
& Wilson 1997). Even if irradiated cercariae con-
Absence of parasite replication Reinfection contri- sjstently produce protection at this level, delivery
the final (human) host butes to in build-up - hroplems, the need for a standardized product and
of worm burdens safety considerations rule out this approach for
Several approaches available Possibly difficult to human use. There are, however, several other

Due to focus on morbidity only Required level of
partial immunity required protection unknown

combine possibilities (Table Il) some of which, such as in-
TABLE Il
Approaches to vaccine development
Point of Targets and mechanisms Agents Models
intervention identified tested
Skin penetration Inhibition of cercarial transformation Some None
Larval growth (skin to Killing of shistosomula through membrane disruption About 50 About 20
portal system)
Male/female pairing Interference with the presumed inter-parasite None None
signalling system
Reproduction Interference with egg production and delivery Two One
Embryonation Inhibition of miracidial maturation None None
Granuloma formation Induction of specific T cell tolerance Some A few

Modulation or blocking of cytokine action Some A few
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terfering with the inter-parasite signalling system
(Haseeb & Eveland 1991), might seem farfetched
as this point, while others such as, for example,
cercarial antigens (McKerrow et al. 1985) could
(and should) rapidly be developed as they would
complement the current focus on the schistoso-
mulum membrane. Anti-pathology vaccination
(Garcia et al. 1989, Flores-Villanueva et al. 1994,
Wynn 1996) remains a distinct and attractive al-
ternative but as vaccines geared at inducing pro-
tection against infection/reinfection have already
reached the level where clinical trials can be con-
templated, it would be expedient to move ahead
with these candidates without delay. The ultimate
vaccine might have to be a combination of two or
more antigens and although attempts to combine
full-length protein antigens from the same stage
have not been encouraging, the possibility of syn-
ergistic action would increase by incorporating
antigens from different developmental stages of the
parasite.

As recombinant DNA techniques cannot yet be
utilized to produce carbohydrate antigens it is more
useful to focus on antigens which are predomi-
nantly of protein nature. In addition, carbohydrate
antigens often cross-react with egg antigens and
augment the risk of activating granulomatous re=
actions. The comparison between the relative[y
small granulomas of chronic schistosomiasis arg
those associated with early infection (Domingo &&
Warren 1968, Von Lichtenberg 1987) and the fact
that most anti-carbohydrate antibodies eventually
become down-regulated (Omer-Ali et al. 1989),
also emphasizes the usefulness of protein antigens.
The list of published schistosome antigens, now
numbering in excess of one hundred, comes from
various parasite stages with the schistosomulum
surface membrane being the preferential target.
Characteristics which are required for further de-
velopment include: (1) significant reduction of
worm burdens and/or egg production compared to
controls shown consistently in two different, com-
monly used experimental animal species; (2) dem-
onstrated induction of human cell-mediated and
humoral immune responses; (3) inclusion of a suf-
ficient number of protective epitopes to overcome
MHC restriction in hosts and genetic variation of
parasite strains; (4) compatibility with approved
adjuvants (if needed) and stability of vaccine for-
mulations; (5) lack of gross side effects; (6) ease
of incorporation into delivery programmes; and (7)
ease of passage through regulatory authorities.

The six vaccine candidates shown in Table Ill
were selected for further studies based on these
and other criteria, the most important being that
they are well-explored antigens with reported con-
sistent high protection shown in various experi-

Schistosoma mansocandidate vaccines
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Medicine, Baltimore, USA

95% Patented

50-70%

Muscle
protein

Somula

IrvV-5
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ments and laboratories. They include paramyosipendent mouse tests the programme for human
(Pearce et al. 1988), IrV-5 a myosin-like moleculeorrelate studies in the field continues (see below).
implicated in the irradiated cercariae modellhe new data expected from the human studies will
(Soisson et al. 1992), and Sm14, a protein characentribute needed information to the selection of
terized by its ability to bind fatty acids (Moser etantigens but further independent tests in mice will
al. 1991, Tendler et al. 1996). Glutathione S-trangrave to be carried out.

ferase or GST (Balloul et ql. 1987, '_I'rottein et alysccINE DELIVERY ASPECTS

1992, Capron et al. 1995) is of particular interest , )

due to its effect on worm fecundity resulting in The results des_cnbed ab_ove underlmt_—zthe need
suppressed egg production and addition to its anigr further exploratlon of antigen _fqrmulauqn with
infection activity. Triose-phosphatase isomerasgference to influence and stability of adjuvants.
(TPI) (Shoemaker et al. 1992) and Sm23 (Reynoldg"iS can be as important and influential in regard
etal. 1992, Koster et al. 1993) represent antigent% outcome 3Sf thf‘ epitope chtc))sen. [Few adjuvants
from which “mimeotopes” of the relevant epitope< € 8PProved for human use but various new types
of the full-length molecule, MAP3 and MAP4, re-Of adjuvants are currently under study (Cox &

spectively, have been constructed using synthet?:ou'te(; 19I97)t: Ho¥vever, at this d‘gime t{‘}? d;]scov-
oeptides (Reynolds et al, 1994). efy and selection of a superior adjuvant for human

use must be deemed to be an empirical and lengthy
INDEPENDENT TESTING IN MICE process which might eventually have to involve
The accumulation of results from the laboranon-human primate studies. On the other hand,
tory and the field, strongly supporting the notiorSWift progress on a completely novel approach,
of reducing morbidity due to schistosomiasiPNA vachcmauon, has propellehd this u.northfodlox
through vaccination, has begun to require the C@pgroac to centre stage. The |n1%(|:t|or]1 0 ;()jas-
ordination of international research efforts and'9s C?”y'ng DNA ts),equences capabe 0 fpro tl)JC_
confirmation of reported data. Responding to thi§'d antigensn vivo bypasses a number of prob-
need. the UNDFe/WorId Bank/WpHO S%ecialﬁgmsv in particular antigen purification and large-
Programme for Research and Training n Trobieak ot of  panacea fo lure vactne producion
iseases called a series of meetings in t . L
early 1990s which recommended the establishme fmigg?ttggg\?esﬁgvn\: ttgcﬁgf)tlgugi;[ ;?]%'diﬁé(gggtztg\’ﬂ
of procedqre o test th? repc_)rted protection r(Q_ral DNA vaccines have already reaéhed the’ stage
sults of the six priority antlgens_lndependently angg clinical trials in the US. Phase | clinical trials
to ?]ttempt qorrelatmg human immune respons ing DNA constructs dhfluenzastrains and the
to these antigens wit prei- a?]d p(_)st-lfreatment € @man immunodeficiency virus (HIV) are already
gxg]gtr'gg:ﬁ(__:gﬁﬁ ér?npdeeop%ﬁ g e;??égﬁnéet)wg feﬁll:[under way and similar trials will soon start with
known laboratories with long-term experience i of the malaria vaccine candidates. Although

experimental schistosomiasis were contracted 'Jét{tle is understood about the so-called immuno-
TDR to carry out parallel independent tests | imulatory sequences in some delivery systems,

in, . ;
) . ew adaptations such as, for example, the inclu-
C.57BL6 and BA.LB/C mice for eaqh vaccing cang;,, of cytokine genes, are continuously developed.
didate. The various groups of mice were immu

. : e . Safety issues appear not to be a problem but ques-
nized according to the specifications of the inve y PP b q

. - . ’Sions ‘on long-term DNA integration, homologue
tigators providing the antigens but a Sta”dar.d'z%gquences and the risk of stimulating anti-DNA
protocol, using the NMRI Puerto Rican strain otegponses may yet require attention. Although fur-
S. mansoniwas followed each time the challenggp e eyajuations including studies of plasmid inte-
was performed. Each mouse received 150 cercarigeytion and process issues will be needed before
percutaneously by a one-hour exposure of the t&|;man vaccination, various schistosome DNA con-
or abdomen and all perfusions were carried out SBfructs, includingS. japonicurones (Waine et al.

weeks later. Unexpectedly, the consolidated resuli$g7), have also been produced and tested in mice
demonstrated that the stated goal of consistent igith encouraging results.

duction of 40% protection or better was not reached

with any of the vaccine formulations. It was felt"RECLINICAL TESTING

that instability of formulations, probably accentu- Determination of antibody isotypes in clinical
ated by shipping under less than ideal conditionschistosomiasis does not present a problem but it
had contributed to these unsatisfactory results amglonly during the last few years that advances in
it was concluded that antigen presentation playsrelation to the study of cytokine activation and in-
more important role than previously appreciatederplay have allowed detailed investigations of
In spite of the disappointing results of the indehuman cell-mediated immunity. Relying on this
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newin vitro technology quantitative evaluation ofther in-depth analysis, i.e. taking into account the
the pattern of immunological responses triggeredifferent time points and the ages of the patients,
by each antigen was carried out in humans livingseful initial comparisons of magnitude and preva-
in endemic areas. Of the two subsets of T helpé&nce of responses to each vaccine candidate are
cells governing the immune response, Tine- provided. In addition, the data allow an evalua-
dominantly activates the cellular arm of the im+ion of the degree of genetic restriction likely to be
mune system through interferon-gamma (I§N- encountered with the various vaccine candidates.
and interleukin two (IL-2), whilst Thstimulation  In Kenya, preliminary data resulting from the pre-
is characterized by antibody production in assdreatment studies, performed using crude antigenic
ciation with IL-4 and IL-5, including immediate preparations and some of the vaccine candidates,
hypersensitivity (IgE) and eosinophilia typical forshowed some high readings, especially of IL-5
helminth infections. The role of these T-cell subwhen the cells were stimulated with crude worm
populations in human schistosomiasis is intenseBntigens. However, due to a drought at the testing
studied and it seems that IL-10 plays a major rolsite last year and the ensuing changes in transmis-
in the overall regulation of the immune responssion patterns, it is unlikely that post-treatment re-
to schistosomes, at least in infection dueSto infection studies will be feasible. In agreement with
manson{Correa-Oliveira et al. 1997). Previously,the Kenyan and Egyptian results, the strongest re-
Zwingenberger et al. (1989, 1990) had reported sponses observed in Brazil were for the most part
reversal of the IFNYIL-4 balance and disturbed IL-5 and IFNg and there were indications that
expressions of the ratio of CD3+ to CD8+ cellsome cytokines are more likely to be induced by
which exceed three months’ duration after cure inertain vaccine candidates, for example IL-5 in
Brazilians infected witl$. mansoniln Africa, high response to paramyosin and IgNn response to
levels of specific IgE antibodies in patients with IrV-5 and Sm14. The overallimpression is that
mansonior S. haematobiungorrelate with post- these preliminary results in all three endemic ar-
treatment resistance (Hagan et al. 1991, Dunne eds support the importance of the response patterns
al. 1995). Recent data emanating from mouse studf IFN-g/IL-5. In addition, the IgE/IgA isotypes
ies indicate that IL-4 is pivotal in preventingappear to be of particular interest.
cachexia deaths in schistosomiasis via egg-induced Four of the priority molecules are in the public
TNF and NO-mediated gut lesions (Pearce et alomain, whilst two, GST and Sm14, have been
1996). Surely, IL-4 is involved in protection patented. The promising results of these two mol-
mechanisms against reinfection and the strengtleeules have provided an impetus for industrial in-
ening of resistance by vaccination might alter theerest and led to rapid progress. Due to its activity
balancing mechanisms conserving the immunagainst a shared epitope betw&mansonand
logical equilibrium in the host. Fasciola hepaticaSm14 is currently under study
With reference to human responses to each bf/ ISL, an Australian pharmaceutical company
the six priority antigens, protocols were designetbr vaccination againgtasciolain farm animals,
to detect whether or not there is a statistical correvhile an European company is interested to de-
lation between egg excretion records and immuneelop a GST-based vaccine agaiSsthaema-
responses of people chronically exposedsto tobium. The anti-fecundity effect of GST is more
mansoni In Brazil, Egypt and Kenya, well-char- pronounced in this species tharBihnmansonand
acterized groups of about 200 individualsre morbidity due to urinary schistosomiasis is already
selected, tested and treated and then followed-gpmmon at the level of a few eggs per 10 ml urine
at three months and one year afterwards. Egmd develops rapidly into serious pathology, in-
counts were recorded along with levels of specificluding bladder cancer. In addition, there is evi-
antibody isotypes and IFN-IL-2, IL-4, IL-5 and  dence that a vaccine agaiS8shaematobiunvould
IL-10 responses to stimulation with the antigenbe active againsg. mansoras well (Boulanger et
under investigation. Although the detailed datal. 1995). A GMP formulation of Sh GST will be
analysis is not yet available, it is clear that a maeady for clinical Phase | trials in December 1997
jority of the antigens investigated consistently elicand, provided initial trials are successful, subse-
ited in vitro immunological responses compatiblequent Phase |l trials are scheduled for Ni¢fr
with protection. In Egypt, the test results in thdhaematobium) Senegal $. mansoniand S.
225 patients investigated could also be analyséematobiumand MadagascaB( mansoni)
retrospectively as detailed previous data were avajkoyci usions AND RECOMMENDED NEXT STEPS
able for a majority of the subjects permitting them ,
to be classified as putatively “resistant” or “sus-  1Nhe time has come to extend our knowledge
ceptible”. The emerging patterns are complex ar@P0ut the immunological response to the vaccine
although this extensive set of data will require furc@ndidates and their capability to protect against
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schistosome infection through controlled clinical —experimental schistosomiasisimmunol 1383448-

trials. Ethical considerations would be satisfied 3453. .

by the provision of protection and the assurance &Pulanger D, Warter A, Trottein F, Mauny F, Bremond

safety through effective drugs with few side ef- P AudibertF, Couret D, Kadri S, Godin C, Sellin E,

fects. As chronic schistosomiasis must be expected C2Pron A 1995. Vaccination tatasmonkeys ex-

to be common in any study area the potential of perimentally infected wittBchistosoma haema-
L . . tobiumusing recombinant glutathione S-transferase

exacerbation is, however, an issue to take into ac- joned fromSchistosoma mansoniParasite

count. Although we shall need to continue learn-  |mmunol 17:361-369.

ing from animal models, in particular in relation toutterworth AE, Dunne DW, Fulford AJ, Thorne KJ,

peptide/protein candidates and schistosome-related Gachuhi K, Ouma JH, Sturrock RF 1992. Human

DNA vaccines, further progress will require shift-  immunity toSchistosoma mansomibservations on

ing the focus to large-scale production and Phase | mechanisms and implications for contrbhmunol

trial design. Many critical questions can only be  Invest 21:391-407.

answered by safety-first, well controlled clinicalCaPron A, Riveau G, Grzych JM, Boulanger D, Capron

trials and it is now appropriate to move in that di- M Pierce R 1995. Development of a vaccine strat-
rection egy against human and bovine schistosomiasis.

- . Background and updateMem Inst Oswaldo Cruz
Building on the results from, and capacity de- g 235_240. P

veloped in, Brazil, Egypt and Kenya, an alliancgoyison PS, Wilson RA 1997. Recruitment of lympho-
for research coordination and support dedicated to cytes to the lung through vaccination enhances the
promoting vaccine candidates could achieve tan- immunity of mice exposed to irradiated schisto-
gible results already in the short term. Such a re- somes.Infect Immun 6542-48.

search alliance is about to be formed as USAIDZox JC, Coulter AR 1997. Adjuvants - a classification
Cairo has pledged financial support with the back- and review of their modes of actioviaccine 15:

ing of the US National Institute of Allergy and In- __ 248-256.

. . (S orrea-Oliveira R, Malaquias LCC, Falcdo PL, Viana
fectious Diseases (NIAID), the Commission of® IRC, Bahia-Oliveira LMG, Silveir&aMS, Fraga

European Communities of the European Union LAO, Prata S, Coffman RL, Lambertucci JR, Cunja-
(CEC), and TDR. Vaccine candidates will be o5 JR, Martins-Filho OA, Wilson RA, Gazzinelli
moved forward on two fronts, DNA-based evalu- G 1997. Cytokines as determinants of resistance and
ations and protein-based development. Ata meet- pathology in humaBchistosoma mansdnfection.

ing in May 1997 in Cairo, Egypt, it was agreed to  Brazil J Med Biol Res 31t71-177.

promote at least twB. mansonvaccine candidate Domingo EO, Warren KS 1968. Endogenous desensiti-
through Phase | clinical trials, primarily in Egypt ~ zation. Changing host granulomatous response to
and the US. A highly focused approach will be ZCT:,Stosome eggs atg{i\fferent stﬁgleszogégf%ctizon with
adopted scaling up the production of selected vag- Schistosoma mansonhm J Pathol 52369-372.

cine candidates under GMP and evaluating theﬁ.”n”e DW, Hagan P, Abath FG 1995. Prospects for

) : . X immunological control of schistosomiaslsancet
in appropriately controlled clinical trials. Some 5,271 18671 491

vaccine candidates are already scheduled for clintiores-villanueva PO, Harris TS, Ricklan DE, Stadecker

cal (GST) or veterinary (Sm14) trials and various \j 1994. Macrophages from schistosomal egg
roads are open for the other four. All vaccine can- granuloma induce unresponsiveness in specific

didates induce observable and fairly consistent cloned Th-1 lympocyteim vitro and down-regulate
patterns of cytokine and isotype responses and schistosomal granulomatous diseasevivo. J
based on how well they fit the conditions in table Immunol 152:1847-1855.

5, paramyosin and MAP4 (originating from TPI)Garcia EG, Rivera PT, Mitchell GF, Evardome RR,
seem suited for immediate GMP production and Almonte RE, Tiu WU 1989. Effects of induction of
Phase | clinical trials whilst others, IrV5 and Sm23 ~ 2nti-embryonation immunity on liver granulomas,

due to production and formulation concerns, may ;?tlﬁesn }':ISggiﬁ;%%?g?rggifzgeggggCe infected

be better suited for further development into DNA_Iagan P, Blumenthal UJ, Dunn D, Simpson AJ, Wilkins
VaCCines. Thus, at th|S t|me Irvs and Sm23 will HA 1991. Human |gE’ |gG4 and resistance to rein-

be further evaluated in animal models as DNA  fection withSchistosoma haematobiuiature 349:
vaccines, whilst paramyosin and MAP4/TPI offer  243-245.
the greatest potential for the rapid preclinical deHaseeb MA, Eveland LK 1991Schistosoma mansoni

velopment of a protein-based vaccine. a chemoattractive factor released by males and its
receptor in femalesExperentia 47970-974.
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