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Research on malaria vaccines was recently com-
pared to “‘A Game of Chess’’ (Mendis, 1991). This
would suggest that it is a difficult and intellectually
challenging occupation, but also that we know the
rules of the game and the function of the various
pieces. Is this really the situation? To us, it rather
appears as a puzzle from which we can gather, after

years of efforts, a very limited number of pieces, this

preventing the completion of the whole picture.
Morcover, and surprisingly, this game is frequently
played using pieces from different puzzles. This is
best illustrated by reviews, another favorite game of
many malariologists, or discussions found in origi-
nal articles, in which a result from one experiment
using a given host-parasite system is put together with
another piece (result) from a different host-parasite
combination. All plasmodia obviously have a lot in
common; however, depending on the species or for
a given species depending on the host used, the whole
picture, i.e., the host-parasite interaction and the out-
come, may differ greatly. Some pieces may eventu-
ally seem to fit more or less together, but rarely very
well, and the construction becomes very fragile when
one zttempts to combine more than 2 or 3 results
{pieces)...

Whatever way one looks at it, most researchers
who have spent some time in the field of malaria
would generally convene that “‘complex” is an ap-
propriate term to define the subject of their studies.

How “‘complex’’?

The degree of complexity of plasmodial antigens
can be most easily summarized by recalling that the
genome of plasmodium is about 250 times larger than
that of viruses. Though complexity is obviously not
in direct proportion to the genome size, this gives an
idea of the multiplicity of plasmodial antigens which
may be thought to be a target of one or another
means of defence, or ‘‘vaccine-candidates’’ as they
are frequently called. Even in the field of viruses, in
which one has to deal with 50 to 100 times fewer
molecules, it has sometimes been praven difficult to
design vaccines even when the proper epitopes were
defined (usually rather rapidly by B or T cells from
convalescent individuals and in virro neutralization
assays). Considering that the design of vaccines
against viruses presenting a polymorphism of some

of their molecules, e.g. influenza or AIDS, is cur-
rently out of reach, it is worth recalling here that wi-
thin plasmodium species we know that there is
considerable genetic diversity. In particular, there
prevails & very high degree of antigenic polymor-
phism, better defined by recent molecular studies.

It*ts thus a sign of outstanding optimism that,
since the very beginning of research on molecular vac-
cines against malaria, when only a very limited num-
ber of molecules were identified, it was proposed that
these were suitable vaccine candidates.

In our opinion, on¢ of the main clues to a global
understanding of the very subtle host-parasite inter-
play, and therefore to the choice of a suitable candi-
date, lies in the observation that the parasite can
survive in natural host-parasite systems. This differs
from most experimental systems in which either the
host or the parasite is killed and in which long-term
chronicity is seldom reached. In contrast with many
viruses, most parasites and notably plasmodia never
induce sterile immunity in their natural host. The type
of immunity they induce enables the persistence of
low numbers of parasites for years and does not pre-
vent superinfection or re-infection after cure.

Such a pacific interplay between a highly evolved
organism, man, and a highly complex microorgan-
ism immediately suggests that, amongst the large
number of antigenically active molecules of the para-
site, 99 % of them have been specifically selected so
as not to induce defence mechanisms that would be
fully effective, this allowing parasite survival. Each
molecule may have its own means of escape, with
some being poorly immunogenic (e.g. because of
structural similarity with host components), others
inducing biased, ineffective categories of cells or an-
tibodies, still others being immunomodulatory, shed,
or proteolytic to antibodies, etc. plus other strate-
gies as yet unidentified. What is important to us is
that we recognize that almost all of them wmust in-
duce little or no responsss.

1t is a difficult task for the parasite to protect all
its components from the immune system, and thus
such protection cannot be achieved in all hosts. It is
understandable that it is best achieved only in the
natural host, and poorly in unusual experimental
hosts.
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From these consxderanom it can be predicted that
successful vaccmauon m artificia) hiosts should be
achievable usmg a grea:*’r ‘umber’ of mbdlecules than
would be thé*case in the horraal host. In the fatter
case, 99 %o-of parasite Proteins, sugars or lipids bear -
epitopes which- are not_propes; targets. for defence
mechanisms and thus are probably not. suitable vac-
¢ine’ candxdate 54
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At least’ some paraﬁ'tecqmponem:. which would -

‘be pr?opcr vaccmc canci?datcs musf exist, since in the |
inatural hosi.. xmmumty doés oncuf and develop'with
 exposure to the disease (parucularly slowly in the case

of P.. afe.fparum, “and probabiy fasr-r in the case'of
P. vivaX orP mma}'fﬁe) = : ey

The 1r=:iucun*': of natural nen-sxcnla xmmun;() 1s
part.of the survival strategy chelcpcd by thivpara-
site;i since it uieeds a surviving hest.. kt should be
regarded ae a normal.mechanism capabls:of dogo- .-
regulating parasite loads to a great extent,. aithough

never to zero. Natural immunizy is better-known snd
well established for the ascxual phase occusring in,
red biood cells, but probably ¢ extends to all stages af

evelop:ncnf ‘Recent studies have dcmonst;ated that
regulatory mechanisms take plac humans which

ual stages ifi the mosquito for P. vivaxand possibly
also for P, félczpamm (Mendis, 1991y To the'extent’’
that in wzro ‘assays can be relevant to in vivo sittia- 1~
tions, redent studies also suggest-that i xmmumr.y whichr "
devclops 1 severa! amxgens located ‘on the spdfozoue e
surface of P, fampamm havea profctmd effe ecton
the number of parasites, :ransfemung into liver stages ~*”
(Mellouk’er al., 1550}. More, work will he: ne\:dcd be- -
fore we can’ qstabhsh whetier rcgulatory mecnamsma' .
take. p‘a"e or not whcn P m!crpafum hcs inside the
Of‘f' ;

i ! : it .
Gn the. bas=s of rh" abm'r cons:dcratfon.s jtis our
belief that wazlack the main part af the knbwlcdgc:"- -
required ¥o distinguish the potentialty good orasce-
able vaccine gandxdatca froni the poor ones amongst”

sl

the* mu‘im de of epit topes. dispersed in hundreds of - -

10 achieve’ this: dlsﬁﬁc-
table host in witic
r'fesults, "I:hé lack’bf reli ét&ih
ifipedes uy from drawmg any firm
r Chisfe c"xpcrx 2nts. pcrﬁurrm:d in
eis wﬁ“?c*fareﬁp, 1} ?dl[’ﬂﬁ;& at defiht hg :
106 15 gboﬁ'or‘l;w. Eqfus cor}‘sﬁtﬁiés
e tésults from sut
mefcc:f*:r”tga,teﬂ.byl e-difficatty of nfiking
un'hu }gﬁp ffbm ax; 1dc‘dt1fiéd aml;_;,?n

Itm,’s»u net}’ U e *nore reaiistic “Anid praLth
cal goal'to’ rcly on human studies to identify the ba<-
sis of na&ura{ly occurrmg regulatory mechanisms.
Thereaf icr oné can attémpt 16 reproduce artificial-
ly wha% if kriown 1 ocedr ih nature and tncrefore .
to dct,rrmmc whai can bc écmcvabic through 1mmu-

- troduced :ak indirect :
- groups‘of subwcts cured with blood schwmticxé?és'
and subsequemiy exposcd to ndtural challenges™®y’ -

.smeirs; this enabléd us 1o assess thié $peed of. pas

iforgch}

e obta?ﬁéd m ihc 60'5 mtigcatiaz t%!at 1§nmﬁ&&'i{yi"

: part mcdzate; oy’ antmodics “ihis in at-leas
“the 31 recxpxems There were ne\ cnhﬂmé xn:my ot’htr

nization. The possibility also remains of.- raising an
antificial type of immunity 10 moleciles whichdb rio
normally induge protective mechanisms) thoughi i e
our belief that ¥e lack the mformauon and thelproper
models required- 10 bm[dup a- fational sirafd
towards’ this goal. “Obviously! ¢

the amount "of ‘dard »
which carn be, gathered by m*e‘esxlganons it hﬂmanﬂ B
is less ‘than that defived from ‘matels {botk in Vive
and in vitro), butit “has the. advantage 8¢ béing more-
reliable] this Cnabllﬂg us €0 p‘rocee'i to the Xt Slepi
on stronger rround A8

Assessing th" baszs of natur&lly occu it i
nity has requxred ‘the setting up of specific mms jf,l"
in vivo investigations under etm‘.auy accepiapu: con;
ditions. .Antisexual-stage lmmumt) can be assessed
in vivo relatively easily df the normal hodt fthe
Anopheles; thmugh merribrarie feeding exp\,r’mé’mfs" o
At the Jevel of the pre*crythrocytlc Stages; we int

Infected mocqrmccs. the speed of reé-octufrence ol
parasites in the blodd could be f ollowsd up onblood -

sage of parasites through the liver and revealed that™
most".of the, spofozoites. inoculated - werz.in; fagt
blocked at some, place. prior. £0 invading RBC (regd, -
bIood cells). Prehmmary msuits from such:s udies;
and their correlation with either antibody, pr.exa!ence 5
and chcl or,with the prc\alcncc of a Tecell respcnse L
dndirectly mdzcated which of the, amxgens from. thesq‘
phases .could. be mwlvt:d, in mdgcmg rcgulatorv g
mechanisms (unpu hshed resum} ;

Ai the blood stage levél, the’ way was pa\ed bv
the pmne{z‘rsaf the 60's (Calien'et al.? 1961.; Edogier
et al., '1962 ‘McGregor et &i:; t963) Apparem],‘,,
much mbrq work Wwds" dfon.., (Cohcn aﬁd Butéher, . .
1971) than actually pubi‘shed arfd more Wwis pnb‘
lished than usnaﬂy quoted, Detailed resulis were
availablé forat'1€ast 31 indi vidéals who' received IgG
from’ 1mmt?n sub_;c«’*ts ‘Welongago planned and 1';
cen*ly (‘in 1987} pcrfcrmed atfother 4&f of passwc

& transfers of htinan 1gG in humans With our T hai cal-
" league Pr. Tan Chonz,suphajzﬁsﬁﬁdfu and his group :

This cxpﬂnmem was.net an 'end in itself, but,was ;m.

one stepdn a glqbal schcm ':,mcc the irue goaL§ £Q

have been. misuns erst od, it i prgbabgy wosthr

.ing_here )why an;i LE ~what perspectwc it was.
‘ [

ve dbubts about rest

The re’was no’ I‘CaaUl‘i 1o
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sis foy grv,nggjopg further in vitro studiet. Such was
alsg the:case for Gther essential experiments, such as,
forexample, vaccination of humans tsing whole ir-

i

© radiaied-sporozoites; the stakes here are high, and

confirming their outcome could provide further in- )
formation:on the reproduscibility of results. Forex .
ample, in the case of tiood stage ‘hich exhibit a
higti level of anfigenic polymbtphism. if was jmpor-
tant.{o assessowhether the' few' failures secarded in” 5
passive transfer of antibodies in the past resulted
from technical problems (storage, 'dose of Ig, etc.)
or ‘frofi-antigenic ‘mismyaiches ‘(especially singe the
‘highéstiailure'rate was recorded when'West African

Ig were used upon Edst:African Isolates),

2).A pajor.goal wasio pbtaia biojogical materi-
. al which was not and coplid Jot be collected in the..
60s. The preservation of parasite isofates, DNA, an- .,
“tibadies and cclls was essential in’6rder. to pecform

o )

_ the aumerous biological investigatjoris.and in vitro, "
assgys developed morerecently, and therefore to as, .
sess their relevance in a situation in ,{r_vhglc_h;t)};: pro- -

tective yalue of the antibédies used in suc [ assays was,
perfecily defined iz vivo, both clinically and parasiics,
logically. ;oo - i £ i £

3) Mbre imfortant, even in ouf Opinton, wasithe!
need'to défirle the conditjons, with réspect to the ethi:
cal’cotistrdints of today,/for Safely performing g

" tranisfer i man. In view of the questionablé relevance. ™
"of bothi*f# vitro and in vive raodels, it is likely'that -
a definitivé answer will ‘only resylt from human in-
vivd'assays. However vaccipation trials, even in hu-7
mans, may not yié[d@heqﬁfvoc”aifiiei;ultsé;’Béc‘ause of -
the difference beiween the antigenicity and the,im-
_munogenicity of 4 given, molecule, it i3 ‘.prcds‘.c'tiab!c,j o
that, negative results obtained with a given vaccine
would"pot lead 10 its unequivocal rejection, In the
case. of a stage which spreferentially indyces an

munity. the passive

antibody-cependent type )
fian antibodies there-

transfer of antigen-specific Hu;
) forc"appears'tq,us As-one means.for ciren;
difficulries linked t6 | :
wurh, requires tharacce
ditions,for sich assay
This the basi

imiffuitied

‘of Gk ‘Work s define natira
@€, existing regulatory ratier than kill-
ing; amsms toward vatious’ stages and to atterapt -

ute'them artificially. Whether they‘caibe .

toteps

< scdled Uti'to,full protection or not'is an interesting ¢! g

ugstion, but,of secondary §

ry ance. The schieme
orkwe haye tried ¢

includes i vitro,

“perimsnts, alogg with further in vivo assessment of

the onclusions derived from the labpraiory ssays..
-~ IThe Hrst st ‘ :
deliberately Himited 1o a maxiniitrn of 8 receivers, 3~
of whom received a second;treatment. This epabled
us 1 reach the above goals and 1o, obtain several

 logical surveys; passive t

" in3,out.0f 3 cases trea
SLimism,

s pased og materighwel] defined by in vivo ax. . -

" published resulis), i
B pastive tralisfer g avhole 186, owas=" ‘ :
.Clearing parasites from infected Saimi

secoridary benefits. F ull rcé;_x]fé have been presenced ‘
in detail elsewhére (Bauharoun-Tayoun e al., 1990;
Sabchareon ef al., 1991) and will only be recalled here

10"stress some aspects of particular interest.. |

- Infarmiarion of major importance-for the fyture
is thdt condition§ for the safe-assessment of theef-
fect of human antibodies in humans were definad:
The laboratory assays Rerformed 10 assess safery
woyld need to be explained in detail; in fact, safety
relies on (i) the guality of modetn means of purifi-
cation of IgG for i.v. use, (ii).the particular_type of ",
clinical situatign chosen, i.e. a recrudescence after
drug failure at the RI level 7 thig allows the follow.
up of a progressively rising par “Sih-"aemi:i in humans "’
prior 1o;.the deeurrence of major sym:ptormns; and
(iii) the jobservation that, dyring the trial, i.v. 1gG
proved1o be fast-asting ; because of this 2 24-h peri-
od of ebservation proved toibe-enough to decide the
parasitological consequences of ‘&:given antibody Fu-
ture assessments can thus be made without any de-
lay in.drug.-administration. A A v o R

i o Foer o fio = et qige o e e
; ‘ﬁxat. African adults can develop 1minyn' y which
protects them against all and any P, falcipérum para-
site was indicated, some Jong time ago by epidemio-
ogical ransfer of 128G from West
Africans into Thai patients confirfed this'important
data.in.8'cut of 8 geographically remmiote‘isolates. This

“ruled out doubts caused by (1) 4 failures out of 9 East

African, isolates tréatéd with” West” Alfricari® ig
(McGregor ‘er al.,” 1963}, (2) only partial ‘effects
recorded with the sanie type of Ig upon Asian para-

sites in Aagus (Diges ef al.. IQ‘.{:&} and chimpanzees

(Sadun ez al,, 1966), arid (3) the absence of an effest
of Asian Ig'6ni African parasites (Cohen, McGregor, -
Seave; unpublished, quated in Cohen’ &t al., 191m).""
The 8 strains we studied indeed exhibited polymot-
phism in several molecules, as shows by Western bléi
-patterns of these siraine revealed by a.given.poly-. .
clonad seum (Beubizroun-Tayaur et of, 19503 ro

S

After 2 first ifsculation o1 150
decrease in parasitaenis, th

cent parasites 2 y
! ted pr
ince it was feased

. Fave been select

The sétme 1G pool alsé proved-v

(. Gysin and P Druilhe, 'xmpt.}tgiisi'acdj,‘i tnmcfggr o
validating t6 somme extent this model and its futifye -

g A T iy e
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-this pool was foungl to act morg.rapidly than drugs,
. On thc other hand amlbody fltres were found 19 b«;
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usefor modellmg transfer cxnenmentr of deﬁncd an-» ;2 extremely low-in those individuals with severe malaria

"ibGd}.ﬂS ok weTEE g : who died in, spite of:receiving.adequate treatment,
; Froma therapt'uilc pomt &f ylew IgG may also ~ thus raising the possibility.of a synergism between
bave valuable applications. When administered i.v., “  the action of drugs and anubodzc:s (Brasseur et al.,

1990) Ir; vu:w Qf thg vcr}f hi fatailty rate rccorded

50 %) i n now seems

4
3

&

_Pazasites /mm3

i

Fig. 1. Results from -m »t‘vax @zaﬁsfc; of ﬁr';‘qaq'lg_-

IAYy Ma‘:én paras:tkemla in 6 patiérits receiving 100 mé/ﬂ I PIAG SV k 6&)/%"(20 30 50 mg
. BYmean ,par,asua‘nua m-ﬁ :ccmdcstem cases rccewmg% secaiid 2@6 mgjkg PEAGru‘ca;me’m
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- jmportant: 1o investigate whether 1¥G treatment,
f»togcm« with« fasmctmg érugs may rmprmc the
“prognasisiof severe malatia. ~n

Ty

‘Incfdemaﬁy; bur experigient did not tihowa rever-

7 sal of sequcster;:d cytoadhercm schizonts. Not a sin- |
* gle mature fcrin v?as seéen by ¢Xtcnswé scrccnmgfof;
" over 1,000 bibod smears - perfarmed during the, ;
follow-up of lI trﬂatmcnts Though the cxpcnmerzt 2
was not Spcaﬁcally dcsngncd to answer this question -

(for cthxcal reason‘s ‘Blood smears were not made-as
frequently as desired), it nevertheless did not lend afly
support to the ‘hypothesis that antibodies' could
reverse sequestration. In accdrdance with in vivo ob-
servations, antibodies’ proved incapable of reversing
in vitro cyroadherence of thépanents strains to mela-
noma cells and’ mconslstcntiy inhibited such an ad-
herence.. We did not see anythmg rcscmblmg the
so-called crisis forms. These were descrived in vivo
only in Rhcsus monkeys and in vitro méte or less pyc-

notic pgrasncs have been frcq-ucmt} seen in poorly

growing culturcr Howeyer, ‘their abénce irt the
periphéral blood is not a proof of théir nén-existehce,
as they could very well have been clearcé in thc capn!-
laries of vaqous orgdns.

Of interestis ,he apparent contradlcuon bc:wecn
the ability of IgG to clear.very large numbers of para-
sites (2 x 10'% within 2 h..).and its inability to clear
them all, whatever the lcvcl 0{ thie stagting pa.rasuac-
mia. However, those féwT rcmammg ‘parasites {I pér
100,000 RBC orless) proved 18 5 be fully viable both
in vitro by culiure and' in vivo: as shown by the
recrudescence seef after the protcctwc anubodm dis-
appeared. At the same time, thcy were not parasites
who had escaped the effect of antibodies by selec-
tion of po!ymorp}uc or varidnt anngcns since they
were found to be fully susceptible’to'the same anti-
bodies. In fact, this bservation 't ‘may seem surpris-

ing in’ the perspective, which prcvax[s today, of.

antibodies with direct blockmg acu\my (e 2. block-
ing merozoite invasion); it no longer is in the con-
text of an md.rcct mechanism such asf!ADCC in
which the parasite itself is the trigger of the defénce
mechanism. At [dast this observation is in téial agree-
ment with' what we know abotit naturally occurring

xmmumty. whlch s in“essence not- sterile. For. the

short duration of the lifesspan of homolcgcus anti-

" bodiés, the inocilation of antibodies mimicked and
fully rcproduccd the noftmal hoSt-parasne_mteraman

known to occur in unrmme ‘individiials® © - .-
In Sitro studies. pg:rfmzrﬁd wm\nhs lh* matcnal col-

“lected were f avoured bywsthe condmens 0{ the in vivo
experiment which ptdvided closeito perfect.control
_ anubotfies. ‘Since the. patients. had an Ri-resistant

straig;, :hey hazﬁ*cbvmﬂsly been ifeoted for. wegeks

and xhcregorg hi dvdévcloptd antibodies which were

non -protedtive, since the: parasitel réctudeseedy In m

© day O of transfer, we thus simulizneously collected

from each patient his7her parasites, aitivodies which
" proved nen-prm&*xw: (beforeantibody transfer) and
iprotective gntibodies fafter afitibody transfer), and

#1he same during recetlescences, For asexual blood
= stage research; this set-up appears unique in the pos-
L oF sibility it offers. to match invitro assays with in vive.

fi ndmgs

Up to now, in wrro studies performed with this
material have mainly designated one defence mechan-
ism as the best to correlate with the protective sta-
tus. This mechanism, which relies on the cooperation
‘betwveen bleod monocytes and cytophilic antibodies,
is explored:in vitro by an assay that we called ADCI
Khusmithand Druilhe, 1983; Lunel and Druilhe,
1989; Bouhamun—’l‘ayoun et m’ 1990). In this sys-
tem, 1gG armeéd monocytes, when triggered by
merozeites, appear able 1o release an as yet uniden-
tified medjatot which™blocks intraerythrocytic plas-
modial develapment (unpublished data).. Results
“from the AD(,I assayswere very clear—cut, since they
provcdxo bc ncgatxvc using each of the patients' an-
tibodies prior to Ig transfer, positive for each strain
using the transfered antibodies, and positive as well
* using post-transfer patients’ antibodies. In contrast,

s:the chmcally effzctive lg were non-inhibitory on their
~own:in the abscnce of accessory cells, both for
merazoite invasion and for parasite maturation as-

» .gays (fig.2). In contrast, they frequently increased

.in vitro growth, thus providing further arguments

==+ against a-direct effect of such antibodies in vivo.

‘IFAT and Western blots revealed that the difference

between protective and'non-protective sera did not
lie in the,quantitiés of antibodies. At a 1/100 dilu-
tion,; most polypeptides resolved by SDS-PAGE were
as strongly labelled by the 2 sets of sera. Nonethe-
“less, protective antibodies were diluted at least 10 or
100-times in. the receivers’ serum, yet were effective
in. vivo. le{cr;:r;ccs concerning only a very small
number of polypeptides could be 'seen, thus under-
scoring the possible importance of a restricted set of
moleculés, Hromrthcsc preliminary experiments, the
ADCLassaséappearcd fgasxblc for {mwc in vitro in-
vcsugaucns. i w : :

. The conﬁrmat:on of thc 1mpommre of the ADCI
mechanism led us. to #tidy the 1sotypxc distribution
of antibodies in subjacts aith various states of im-
" munity znd providcd%omc clues as tacthe immuno-
* logica! basis of ahe delay'in development of such &
pratective- {mmum xesponse; IgGl and IgGB two
cyrophﬂm 150t§ers. were found {0 prcdommate in
protccfed subftcts In non- protccted subjects, f.e.
chxfdrcn aiid’ mmary -attack adults,a imbalance was
- found; in‘whith IgG2.or IgG, two. non-cytophilic
class;s. predominated, with, occasxonaﬂy, an over-
alilow léveiof antimalarial anfibodjes. The acquisi-

ontgast, anﬁbodx;:s sransferred on the sameidate _{}zan .of ‘protection. appearedsio correlate with the
et

- _mecuvc ngamsz t’zzu smme pamsucs (}n

T

alean ’ ',l 1 .

~zability td dc*e_clomncxcaseﬁi lgvels of IgG3 and 1gG1

A
o % LA
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Fig. 2. Summary of 48-h ADCI: assays pqrfarmcd with 9
ol fafrrp 2rum Tsolates and African 18G (PIAG).

Results are cxpressed as the spccsﬁc growth inhibition
(SGI) in percent which takes into account poss:blc mtubn-
tory of improved growth c{fcct of t}lher ce lIs or anubod-
ies alone.

Results obtained by ADCI appear as black bars
(mo"xocytc‘ + antibodies): Controls in the presence of an-
tibadies zlone appear as hatched bars (the fizgative SGI
represents an increase of P, fqlc:parum gtowth as com-
pared to control 1gG).

B to H are Thai strains isolated from banems BioH
before PJAG wragsfer, €x 29 is the siréin isolated from
Thai patient C on day 29 after trapsfer x.pon rccrudcsccnce
of parasitaermia. NF54 isan Afncan stram uscd as comml
in eack experiment.

MN = monocyte.

antimalarial antibodies and to decrease the produc-
tion of lgGZ antibodies. I vitro, Igf‘ frc'n protect-
ed subjects cooperated effi cxcndy ‘with biood
menocytes, while 1gG from non- -protected groups did

not; moreover,:the latter: mhxbned the P vitro'effect.
of the former in competition assays. Wholé IgG from’
primary attack cases with incréased 1gG2. comeni g

well as-[gG dr 1gM from- children from endemic
areas, compctcd with 1gG, fromi immune adulis, thus
suggésting that non- protcctcd sufff_lects Hﬂd mcﬁed de-
veloped-antibodies to €pitopes, cnnca! for pm“iecuon,

but that these- antibodies’ were ‘non- §uncnona Morc'

work remains to be done'o ;dtnnfy the f:p;topcs ‘tar-
geted by such antibodies.

in vitro studlcs pcrformed thh thejame assay
agamst a Iargc rangc of strams or 130 tes USmg un-
pooled immune subject. igG as well'as competmcn
assays using*IgG from non-xmmune sub*ccgs, seem
10 indicate that the targeted v:pltopes of ant:‘oodics
invoived in ADCI may. not be pely*norphlc These

'such mfbfmauqn ‘couldt b:: Qf cnncal :

results contrast with current ccncepts which postu‘
late that immunity tesuits from the acguisition’of a
series .of immuné usponses_ tawards highly pely-
morphxc m(}lecules 11' cc.vnflrmcd this would be a-
majo‘ réason 1o revxvc Opumlsm abuuz thc fumrc of
a maiarlai “viccine. ; e

In corxclus:on, \\'c ha

d{ffzc&xit 10 galh"‘T in anv ethct wav{, 1
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