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I1' .owi.rlq n hiej l'':;has Pier 

1. 	 Ch1nring ot y'idl' :;,,rtng anti-P. vivax antibodies. 

2. 	 C ,hir, t.I I( n (A rrwio-I: oll I iinuibodi s (MABs) by indirect 
t [- lOr . l;c ,liit r),e / t:chn lieq . 

3. 	 S Im:-:.:fsl "i:, it:, CL P . vivax infocted blood cellst. of red 
(RliC!;) rni;r,Ly .: tLminnt.] with Leucacytc:{ from malaria patioeths. 

4. 	 t:t:hl ih iit ,: s:c.t t:-.rm culture of P1. viax. 

I. 	 Cloning o(t hybrids se cret nq anti-P. vivax an tibodies. 

I T our :1-r/1ou: leport , 28 oj 385 hybrids secreted ar,ti.-P. vivax 
ant Lod ie,;. We ht4 n(w c[on.d these hybrids by limiting dilution and 
,:v-.n th I Iy elt.- 46 con,: Then,i :i . antibodies derived from these clones
 
wO CU. cl .1. .
 . h.I r f" ,l t h.! sue rnate from culture in RPM1 -1640 medi ui
 
with 10', ft,> hr,.''r,e '-arti an from the asciti,_ fluid of pristan primed

FIAIh/c tii ,;
 

t 
• ?httt.:t 1:" 0 Ofl }' [l0 l NAH' ;. 

I ;:; i od i'I -a "r .'Ioil:; y de:;:il ( (Khunmith et al., 1904 1 
":: ife ioor 4Ai i'uld Ilv d -,I rlCrO I, 1 i Ill 'Ind V. 'The number of 

ntii, IcIo f ind11 i, r I FA pat tr -r i:; i yen in tab Ik 1. Appearances of 
tIh,-t Ii I A iiL:itr i trI.- l MI 1 Igo( 1-,1. We have, not yet deterii ii#,d 
1h#! I: ,( l!.:; to which thl ,:;e., MAB; rtitzt. .SoIfl! i ti:h ie MAlls may rea: l. Lo 
LhI .rro na I-,rI ,l.tinflt,;. A.; soon as we have acquired suffj ci ent 
q,1,'il f. I t f vit Il,.n;,I we :;Ja ll 	 thonr performni i ilrunobJot to identify the e 

•o-1,u V ,! 

R9CIGI IT 
/ 
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Table I. Monoclones ,ind thlor IFA staining patterns 

Group 	 Staining paLterns Number of 

monoc lone, 

IrirJhL 	 g..ro-,±Ii:'.d st: inirIJ ox all blood 
!;ta'IS 25 

Ii 	 StroulJ ItIC t 10fl:; with whol me r czoite; or 
the Ir o nI,,n1 ,!!; 12 

III 	 The r I n.m,i ji,,coi ,rio-; of Irrerozotes wLth cluster 
of gf1p.1; 1ipp.,,ltiC1 

IV 	 SErong r* ,i tin with -urface of trophozoites
 
,:nd s;ChI'ont!; 
 8 

Total 46 

3. Successful concentration of 1). vivax infected cells. 

In our preo,'Ius report, our preparation of P. vivax infected red blood 
ce 11 s (IPHC; ) wc- . ii:,haly contaminated with leucocytess. We have now 
success I i Iv do; 1ope. t:cin que to trnove leucocVte contamination and 
obtLain a I'e:;t r:y/,- !, , Jreparatio of P. vivax infected (RBCs). 

A on,- i-i ii 'pt. ,t K'pr r red whole blcd irum a paLient with vivax 
ma I, 11 , W ;,p.le IAE-r rug/h a co I uriin Con tI lfln1 n an equal volume of 
!;u I fo t r Ia je;, .ri ; n, K.,--2c5yic previou.;Iy equilibrated with 
pho:;phit,, L iifor 7.5 ( tAILi 1, IiiII.fi,80 40.9 ml of 0.1 N NaOll, 807.3 mg

12.I ,'I'Cali 	 It)a to i k.i, 100in . The column was then washed with 
aIpp -ox m to4y il l] ol the L)"it) u ntil the columr was free from RBCs. rhe 
r.un Er we; r: *ut r I f(uqe, I th, :;ipernate removed and the cell sediment 
1.!!.; t-,I od t, 5, homa to1cr1 t. 'he col L ;u:;peni; tons from sever i1 tubes we re 

o,, , I and t.--a mI ea,:. was layered on top of discontinuous gradients
(lprinli; srceols nie 1,ar- of two ml each of 75., 60%, 10% and 40% of 

1(011 hit ffr. CoIi t-i At r,,it rIfugatlon aL 2,600 -pm for 10 mi n at
21 ,I w, , i, :,m, Lim,1 three bnil; were obtainied. Tb1 - first and second 

i.r w i, I 	 11 I It the lyer-!; of 50 % and 60% Perco II and the third 
f'.lI i I th'., I ,.ILt r, of ,ind -5, Percol]. The cell]s in the first and 
:coti hri.- ; wer, p1,1- 'ritd (-.l lqd 'upper band' , whereas the third band 

w. - I d 'I ,;,.- r I),, 'The i;merI-:; were made from the blood prior to 
tiilli ,h ( h, coluniri aid lter le rcol giadlent centrifugtLion,
 

;tat nr,, .v-r t , rm;-:.. 
1
a'rid t. , re:;i. It:examined by light microscopy. 

;t ;,, ,, wi.; p,,rform-d Ii 10 paitir nt:; , in five of whom the celJ 
i-ictfote l ll i.- Irld lowh,ruh; were poole d. In these patients, the 

pa r. t.o:; wo-e otr- reii I ro the i ni tial iii,ti paras i teria (+ S.D.) of 
(S 6 

15.1f6.5 p!r 10 l 1: to 51 221 25 per 10 PlPC (table 2), an 	 enrichment of 
331.9 foldi. 	 In tfh:-ee: patr,:nt:; (PV050, 1'V052 and PV054), only ring rtage 



were r rcoee rod af tor ' -Irici -nt. IIIthe reIll<-ilp fIlV. title(ltf; I r, whomtI rill p 

the 1 fro-e'Df , ani b'ind.;
i r3,i to:; the "Il lowetr w!, ;e ;ilr'itd IIt Ins ]hown 

th'ti . . Iri;t! 1; nt-I,III tt'O 1 3 ) t1 ,,. .-..con 1O orl t hoe mI t i]Ipiiras - termia
 
of 1:'4 ') ),5 rl the,.uppr- band 32
6-, 2 19 71 arn 50(), I 1 thre lower bind
 
,in 'n r 'hI.h C, 2 ; ,irlid . I3 )o(;- t . oI,y i
l 5 ll lb pr poqtIo ll0 para; to
 
s t., ; ln 1hti . ;.i 'p r Il] I ower I' .l '. i;, i: II wI. , I I; , :1 r;i P111- and
I[., 


1t.r ,, i* t:it.tI,;W.,'!r'-.'-l,. tn'] l,,e1t [ r 1'1r itv In hb,nITo . Wela(5' the
 
I ' "! '"1 f'e ;i.' t W-. C11luid InH I ll o)rt()
o -lono t. - . 

I IT rth,hin iij ,! t h,ii In[It li w,r b etrp;. 'h, iie ,n i S.I). r,,irpit e 
. I t ,. -I PaI tisI ntI ; ,Itr . ,I) I. ; 7 .tj t .1 1.i p) ).(. -RI.0R ). 

brit2. I T!.r It el I'. vIv,Ix inf (t od re blod celI; trom the blood of
 
irlt:. ,p.:11.?.1in whom palri; itos; I'Ipr lo wer b,!nd; wore
ri in an pooled. 

Pati,!nIt Before enriehmnont After enrichment
 

'4 4
Parasite ta!ie/10 rh" Para;ite rbcIl ftfe rntlial n;tago/10 Differential 

cenrit/106 rbc count/10 6 rL, 

p 'T .; ToLit 1. PN I, F;o totl I T' S t'etal PMN 1, Eo 

PV00 ,I 
 7 11 6 1 0 7 5540 0 0 5540 0 0 0 

'V0')2 10H 0 0 18 1 00 1 8200 0 0 8200 0 0 0 

PV.05.4 7 1 8 0 5 00 5 0 2260 0 2260 0 0 0 

PV 51 14 1 0 15 9 4 0 13 14000 750 0 4750 0 10 0 

IVO5 B 22 3 0 25 5 0 0 5 43,10 470 0 4810 0 0 0 

Totitl 13 15.4 1 24'42.4 0 5.2 0 6.2 4868 0 5112 0 2 0 
7.5 *2.8 16.6 2.9 +1.7 14.4 f2201 +348 1-2125 +4.5 



Table 3. Enrichmen t ofP. viva 
patients in who= parasites frrr un;cr 

:nfezted red blood cells from malaria 
an. lower bands were separated. 

Patlent 
Before c.r:-ren After enr-,cment 

Parasite stage
4 

Per 10 rbc 

Differential 
44 

count/l0 rbc 

Pe~as'ct 

pe) 10 

stage 

rc 

rlfferent 

count10 

a 

c 

-
4 
4 

PV051 

PV053 

R 

14 

16 

T 

4 

0 

S 

0 

0 

Total 

18 

16 

PMN 

4 

1 

L 

0 

0 

Eo 

0 

0 

Total 

4 

1 

p 

1710 

252 

T 

452 

" 

S 

, 

C 

Total 

i230 

2520 

PMN 

0 

0 

L 

1 

0 

Ec 

0 

0 

ctal 

1 

0 

F 

09 : 

Tc 

7r 

Total 

1 

0 

PV055 

PV056 

PV059 

Tctal 

28.5 

13 

8 

15.0 
-7.6 

1 

4 

0 

. 
-2.0 

0 

0 

0 

29.5 

17 

8 

17.7 
-7.7 

3.5 

0 

4 

2.5 

2 

3 

1 

.2 
-. 3 

0 

0 

0 

0 

5.5 

3 

5 

3.7 
.69'.0 

7180 

4310 

2100 

3564 
-2252 

80 0 

140 0 

0 0 

94E 0 
9-99 C 

7260 

4450 

2100 

3935 
-2387 

0 

0 

0 

0 

0 0 

2 0 

0 0 

0.6 7 
-0.9 

0 

2 

0 

0.E 
-09 

E54C 

2260 

730 

44"5 
329. 

0 

0 

I 

0 

0 

C 

S _4,D 

26, 

''0 

-3".; 

0 

0 0 

00 

0. 0 
-. 45 

0 

0 

0 

30.2 
-0.45 



Table 4. 11arasiLe recovery r fte eiht patlents with vlvax m1a1arfrom 

aftey enrichment. 

Pait I ent 

fer-ore 

N ul'rOt p rm-
site ptr I mImi 

6 
ot blood (xio ) 

enrichment 

'c)Ilurn of 
bilood (inI 

i Tora 1vn(irr 
oxI r"I:;I t .e 

6 
(xlO) 

Att(!r enrchntonl 

Ninul'r of i'tL-fuCun 

p. tr !; It,:; v covury 

_VC v.red 

PVO50 11 .1 1 11 .1 9.75 8"7.6 

1V051 14 . 5 70.5 29.3 41 .6 

PV052 9.45 4 37. 8 32.9 87.0 

PV053 12.2 5 61 .0 5.H5 9.6 

PVG54 3.15 6 18.9 12.6 66.7 

IV05 7 4.8 6 26.8 .18.5 64 .2 

IV()58
, 

18.3 3 5.1.9 9.tG 17.5 

IV059 2.7 6 16.2 13.96 86.2 

Total 37.4 

f22.4 

16. 56 

+9.75 

57.6 

431.4 



4. stabli hmli.1nt t !faort teLnn iuLitLure ot I'. vIVax 1 i tiL", 

PThi. Au~di /uII.Votfit.11 vix ti leeted 1 iiload Cel to it 
mos t 1i .- :,d1 t i t hi I ii I tII , , ii, : j 1 t lie ra uduct. I on ot MA H and f o
 
thei r h Iria; t,11 i 
 I ly i uc ith, hey I -A Ilkia [iLIri ()fJ1OI 
t:chrta t lil.. '' i 11 ;1 tr.- li t ill 'ntthimni (:it nLt t f,hi iiit for 1'. V IV ,: 
h't; iot, ­ . i tt, t1 1 cIll .t. ',i t 1o1, fi'. l,,-- :nc f I I; I y' 
( Itl I. id I ri . ,: 1 , , 1 , . , . r, [ h t l , , fitrii k, it1iari e-.t a] . (.1. 
i ,I. ', I I ' . Iit -Jt;, I ',; CU trI O1 110(t J11 lt th(V 

(10. [t 
 I.r ittuI; c t 1(" tirAI Ii I L;,wedt, t Lf, , ii , .iI':: , ti 1i tit' ue ; t L I t i lu l , wW t Io .Wh 
t. !?,I[ t t '' I it t lI ' I I, th.,r f ';,"I I 1 l tt illmW(.. 

t ' '. .'l+. [* 0. In I 1,-: t; ,t''. -t ii: ao.(: 1, r, c'te ft-:aI 1- l. . ill r MAI l: .
 
tOiil" ,i . o- it,. I. , . i, i i nit ott, ,ct I I t ,tit I(lay; ( t c tut i i 16
 

to~ 'T ~ iI ~or'[ a ' .:iiII t.rt + t i~ t- t ,i m-ntit' t i,,,, !lp pleratten1 ri ' hre­i ' 

I

j 
;~+ "/ J' :, t [ '/ )' ', tt ' LI -L+ ho id] In'Itt llt~
, :; t f )ill ,It I'-t. j-til (Il'--d o ill
 

d .Iy ' i It . rtlZ" ; f++ YL+ItV',l!+ y . T]I I:, IJJ ,I I~ l r , h tV(. fillIJC
t 

*-i '2::!;I " Jit :I ti~ ] it t+'.mpt:; , '"o? hod+ + ' i i' l,. L,; :A(Du: i de.-; tcr IVAh 
itLo) : t+"t€J' : ] tt"' ,tJ l Ii tL.,qtl C-11,111-tLIll, [, F ti .. j i- ro de r") J~ tiht't;lf 

0af, J1 tnt- III 
Tdavl 5. G,; Mrwh ,,t P. vivm× poiras.itte' nn dtluzrS : M~y:; ofr cultur'e in SCMI 162 

dO-i d4l dl-cISi IOn7 dI ,d9L 

Percent Par:is; telil a('d' for 0' P of our(
Pa tient 

dO d 2 d 4 d 5 d16 d' 7 d18 d9 

PV04,4 0 . 3 0. 3 0.6 - 0.7 0.02 d ie 
(T 209

. 
(S 70%+ (T1 50. (R 90% 

R 20%) T 30%) R 50%) T 10%) 

PV045 0.7 0.,1 0.1 0.02 die 

I(rlo,;tly T) (riostly T) 

PV0416 O. 1 0.0, dtIu 
(0 30% (rlotly T) 

T 70%) 

R : ritIiq, T - tI0 i;'o t , lchi;ont 

5. Initi iion 

withi . VIHv.,txi 

three wyek;. 

ttit t<,r,, 

; it (; 

t'(car. 

ifildtlhti 

'otwt more BA1,/c iice have been 
f i onf will be made durling the 

immunized 
next two, 

6
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Patterns of indirect irIununotluorescent antibody (IFA) 

staining produced by monoclonal antibodies on acetone-fixed blood 

filns of P. vivax 

Fig. I 
Staining with group I antibodies. F ight generalised
 

staining of schizonts, rings is shown.
 



Fig. 2 Staining with group II antibodies showing reaction 

with whole intri.!;chizont murozoites (fig. 2a) and 

free merozoites as well as organelles (probably 

rLioptries) of intraschizont merozoites (fig. 2b). 



Fig. 3 	Staininq with group III antibodies showing reaction
 

with the perimeters of intra-schizont merozoites
 

mlaking arn appearance of a cluster of grapes. 



Fig. 4 Staininq with group V antibodies reaction (mottling)
 

with the surface of the schizonts or tryphozoites.
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Overall Objectives
 

I. 	 To raise and charcterize monoclonal antibodies against blood 

stag' s of [. ylya.x 

2. 	 To determine whether there is antigenic diversity among 

different z;trains of E. YIY x 

3. 	 To inve-:tigato whether distribution of different antigenic 

types is related to their geographical locations 

4. 	 To demon;trste whether the strain recrudescent after anti­

malaria drug therapy is the same or different from those 

oausing initial clinical symptoms 

5
 



Plans of work
 

I) Production of monoclonal antibodies against a. 
ivax
 

2) Characterization of monoclonal antibodies against a.
 

2.1 IFA
 

2.2 SDS-PAGE and Western blot 
analysis
 

3) Preliminary screening of 
monoclonal antibodies and select them
 

for establishment 
 of a panel of monoclonal antibodies 
for 

strain specificities 

4 ' Typ In of LI yijya isolates using several monoclonal
 

antiobodie ; and 

demonstrate their antigenic diversity
 

4.1 Isolates from patients admitted 
to the Hospital for
 

Tropical Diseases
 

4.2 Isolates from P. yiyax cases from malaria endemic
 

areas in Thailand
 

5) Demonstration whether there is any antigenic disparity between
 

parasites causing 
initial clinical symptoms and those causing
 

recrudescence
 



2 

Scientific Progress
 

Following, progress ha; been made 

I. 	Charaeteri:'ation of anti-[. Yiyax monoclonal antibodies. 

1.1 	 Pltta.err'n of jinmunoflIorescence 

1.2 	 SDS-PACE-' ,nd Wt;stern blot. analysis 

1.3 mmfinInAiohiin c ass and subclass of a panel of 

monoc Ion 1iI n 1, hod j e, 

1.4 j-: r s!- roact ivity
 

Est.abliuhrn.rr p nnal of monoclonal 
 antibodies for 

in,,'eti it ,)ri thi. .nt],-nic diversity of P_ vL . 

3. 	 Col eot ion rd propniration of P. yJi.y-ax slides from vivax 

trinlria pnt ,erts; uttendlinr miilaria clinics in endemic areas. 

,. To exp lore, t l'ree of polymorphism that prevailed in a 

seris of U . y,y.t:, isolates obtained from infected patients. 

5. 	 Ca eo lt. ir the fer,'-iena ies; of serveral parasite antigens in 

the samplets. 

6. 	 To exam ine, the distribwtion of antigenic variation and 

gec raphic distribution. 

7. 	 Prepartition of P.... y*i-ax antigens for immunofluorescent test 

and Wfst, ern h lot analysis. 

7 
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1. Characterization of anti-.P v-simx monoclonal antibodies 

1. 1 Patterns of immunof luorescteence 

In three fusions using various isolates of P. Yiyax from 

different geographical locations in Tha i land, 1175 hybrid 

cu ltu re:; were obtained of which 41MJ4 secreted antiplasmodial 

antibod ioc L,,tftable hy ind i rec-t immunof luorescence assay. 

2inct fiur hyb r idoma:; were ra sed against a mi ix ture of 

d'Ive lopmentaI s tage the par s te. the antibodies produced by 

them were expected to recogsie a range of different antigens. 

A number ,.If different indirect immunnofluorescence assay 

IFA ) .eactivity pat.terns: w , l 1,;T, jilu ished, during the primary 

scree ning, and dWi hybri,: s p r,-)du. gr intihodius representing five 

patterns were sucessfully ,lont,-d. 

Indiv idu a mr I onna ( McAbs) producedon c, ant i bod i ti 

character :t ic patterns of ind irect immunof luorescence staining 

on acmtone-fixd ;meu ro of ).-They, ax. pattern produced by any 

gi vn ant holy wa.; the. .,am, )n all parasite isolates which 

eeacted with that McAb regardless of whether culture supernatants 

or ascitic f.Lu idS were us, d. 

Based an the immunof'luores( ence reactivities demonstrated 

w~th L. fai.ivparua (Kht:jmith 'it l., Asian Pacific J. Allergy and 

Immuin, y 2::jI -A4 I I " ) . F ive stain ing patterns were 

recog; is d ouI' t h, o t ib , ides were classified into five 

corres;pTd i f i ro-m p.; (Tab e 1). These characteristic IFA 

patterns jre indicative of stage specificity of the IFA reaction 

and po;sible location of the reactive .igen(s) either on the 

parasite or on or in the infected erythrocytes. 

8 



Table I. Monoclones 

fusions 

and their IFA s.aining patterns from 3 

Group Staining patterns Number of 
monoclones 

I 

II 

III 

V 

VII 

Bright generai).iztd staining of all 

blood stages 

Strong react ions with meroaoites as 

well as organtl les 

Strong reactions; with the surface 

membrane;s ,f m rosoites with cluster 

of grape! appenrance 

StrongT reactions with the surface of 

schizont ld trohosoites 

Strong irr,.gu lr staining of internal 

component. of trophos:oites 

67 

21 

5 

16 

48 

9
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1.2 SDS-PAGE and Western blot analysis
 

Ele-trophoresis was carried out 
in a vertical slab gel
 

apparatu: (Qio-al, U.S.A. ) ts ing the 
method of Laemmli and Farve
 

(1973) (Nar.'. , 22. CH -Hb). A 4% aurylamide stacking gel and a 

10% ,icry1nm.ide 'riparating gel wer e used. Samples containing 

varius amount; "f [. ,ziyuxblood stines in RPMI-1640 medium were
 

hV:nt,.,d it. 1100" C fo>r 2 minuties in the presence of 
sodium dodecyl
 

:71u1phat,. (5D'S) and 2-mercaptoethanol before loading onto the gel.
 

[-,ich lan" contained 5 x 10 6 infected red blnod cells. The 

eloct rophoresis was made 
at 3) mA per slab gel for 3-4 hours
 

unti l the tracking dye reached the bottom of 
 che gel. After
 

,lontrophor':sis the g.el s were 
cut rind sub. - 2ted to protein
 

staining, ur 
 electr blotted onto a 0.45 um nitrocellulose
 

membrane (Biu-Rad Laboratories, California, U.S.A.) according to
 

th" mothd of Towbin at al. , ( 1-7:) (Proc. Nat. Acad. Sci. 76: 

4•35-4254. Aftr blotting the unreacted sites on the membranes 

were b lock..d by soaking the strips in phosphate buffered saline 

,:ra itiing :% "lMirin moQ 0.02% sodium azide (PBS-GEL)) at 40 

f - r huur:: The blotsn were treated with 2 ml of monoclonal
 

%nt bly nr supernntant of positive ,clones at 
260 C for 2 hours 

with ,"rnt. e rockirig. The strips were then washed 5 times with 

PBS ,,t;lrning 0.i]5% 'l'wo.en 20 and then treated with 125, labeled 

ant -. ous, imm, 'iglohu Iin MAmerohim, England) (I - 5 x 105 cpm/ml 

in PBS --RSA , at 260 C for 3J minutes with rocking. The 

nitrocellulose strips were washed as above, dried and
 

autr;ediongraphed on 
 Kodak X-Omat RP films (Eastman Kodak Co.,
 

N.Y., U.S.A.) at -700 C. 
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Results of the antigen analysis by SDS-PAGE and the
 

results of the Western blot analysis of selected 58 
 monoclonal
 

antibodies with variable lEA reactivities are shown in Fig. 1 and
 

Table 2, respectively.
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Fig. 1 SDS-PAGE analysis of E- y3xa antigens obtained from
 

infected blood
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Fig. 2 Western blot analysis of the mo ecules of - ziyx
 

antigen
 

'I ik . " 
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Table 2. Western blot analysis of the molecules of P. vivax 

antigen reacLing with a panel of 58 anti-E. viax 

monoclonal antibodies 

Mconoclonal Number of Molecule of E.Lta 
antibodies monoclonal antigens in kilodalton 

antibodies to which monoclonal 
tested antibodies react 

Group 1 21 PVI5, PV28, PV30, PV38, 

PV39, PV85, PV95, PVIO0, 

PVll5, PV200, PV>200 

Group I1 17 PV30, PV35, PV41, PV68, 

PV75, PV90, PVlOO, PVllO, 

PV135, PV200 

Group III PV30, PV57, PV67, PV75, 

PVI90 

Group V 7 PV36, PV39, PV85, PV95, 

PV115 

Group VII 8 PV30, PV85 
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1.3 Immunoglobulin class and subclass of 58 anti-E. ziya 

antlbod ies 

A technique modified from Beyer (1984) (J. Immunol. 

M, thods, 07:'70-M/) was us"d. [:rief].y, strips (9.5 x 0.8 cm) of 

n itro ,llulos,, mmbrun, (23 BAH8, 3chleicher & Schuell, Dassel, 

Wo;t rmany ) w rn :n;okrjd in Tris buffered saline pH 7.5 (TBS) 

unI, Jir i1 )n n ,,,r,.nt papr for min. Three ul5 of monoclonal 

,r"thj. ia :ipzt. ted to each strip and dried. The strips were, w .: 

I :hiat,:, t, :tbhr in 11)O ml of TB" containing 0.2% gelatin for 

AU min, rins;,-< twice in ThS and each strip was individually 

in'u iti ",- wo hours in fivo ml of appropriately diluted anti­

human QW, 1!12n,, gG.h, IGOJ, [gG4 and IgM (Serotec, 

Blnk.aorr, Bn.,S .r, AfterEnglund). incubation, the strips 

were ri se in T H and then incubated for one hour in 

ipproprintly di luted prxi :ua,---prtuin A conjugated solution 

(Si; ain Chemical, St. Louis, issouri). After washing in TBS, 

the atrips wer, transferred to a solution of 4-chloro-i-naphthol 

(sigma; "nd incubated further for 10-30 min. The strips wore 

'ri.s in water to stop the reaction and the result read with 

M oak ,ys.;ed 

Results of the 
isotyping of monoclonal antibodies to
 

blood stages of Lwiyx are in
shown table 3.
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Ta~le 3, Isotyping of the 58 E. ytya monoclonal antibodies 

t mmuno- Number of Isotypes

fluiorescent monoclonal
 
patt;erns tested 
 IjG 1 lgG2a IgG2b IgG3 IgG4 IgM 

irouip 21 
 12 2 - 1 
 - 6 

1-311j) 1.[ 17 17 
 ... . 

Group 111 5 
 1 
 - - - 1 

Group V 7 5 
 - - 2 - ­

ir 5
'ip Vii 5 .. . . 2
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1.4 	 Species cross-reactivity 

Eleven strains of P. a were obtained from 

acutely infected individuals and those with cerebral malaria.
 

These isolates were cryopreserved in onr laboratory since 1980 as
 

shown in Table 4.
 

Table 4. Eleven isolates of E. fiparum
 

Isolate 	 Malaria 
 Date 	obtained
 

SO 
 acute 	 February 18, 1980
 

H5 	 acute June 28, 1983
 

Hil 	 acute November 7, 1983
 

KI 	 acute July 7, 1983
 

BW2 acute
 

SN3-5 acute
 

cerebral November 7, 1983
 

R5 	 cerebral July 8, 1983
 

RI 	 cerebral May 5, 1983
 

RG cerebral July 11, 1983
 

QD7 cerebral November 8, 1983
 

The cryopreserved parasites was thawed out
 

immediately at 370 C for 30 sec. The parasites were centrifuged
 

at 500 x g for 5 min at room temperature and the supernatant 
 was
 

discarded. The cell sediment was 
washed with an equal volume of 

saline solution (3.5% NaCI) and then washed at least twice with 

RPMI 1640 medium. The parasites were recultured by adding 
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washeu uninfected AB erythrocytes and RPI 1840/10% AB 
 serum to
 

obtain a final concentration of 5% haematocrit, 0.1% parasitaemia 

and then incubatcd in a candle jar at 37 0 0C (Trager & Jensen 1976, 

Science, 193: G73-675).
 

The !;pec i.-s -o)c ificity of monoclonal antibodies was
 

determin#d by on di rect. f Iuorescent antibody test using
 

acetone-fixed inft 
 blood as antigen (Khusmith et al., 1984,
 

Asian Pic if , I. Al lrg. Immunol., 2: 91-95). Blood smears 
 were 

mad,! from oo:;hdi.;ynhronoisly grown strains of P_. f-a.lipazr_=u 

ntJ m saled 


roqu i rd Tho results are shown in Table 5.
 

an, r,.d - -,(?n containers with silica gel until 

Table. 5. Reaetjvities of strains and species specific monoclonal 
antibcdjes; with different strains of P-. and _. 

faii-au !;tra ins 

Honoclnal IFA Strain distribution 
 Cross reactivities

antibod ies patterns of HP'q with F_ £ip,.aru m 
P-. I-Ivux with_________ 

No positive strains/ No 
_ 

positive strains/ 
_ _ _MIV) Yyijax 

__ 

total strains tested 
total strains tested
 

HPVl-MPVI8, Group I 3/10 10/10 0/11-

MPV55-MPI 57 

MPVI9-MPV35 Group II 5/10 - 8 / 1 0 a 0/11 

MPV:I , MPV38, Group [II 3/10 ­ 9/ 1 0 a 0/11
 

M I54 , MPV 8 

XPV39*-HpV45 Group V 5/10 - 8/10 0/11
 

MPV4F-HPV53 Group VII 6/10 10/10- 0/11
 

a Only 9 isolates of 
E :£iax= tested have schizont stage 
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2. Fstablishment 
 a panel of monoclonal antibodies 
 for
 

tinvestigation the aritigenic diversity of V_. viva
 

Among 155 anti-E. yiyax monoclonal antibodie. 
 A panel of
 

58 HcAbs that recognized different molecules 
of antigens and
 

hence differert IFA patterns 
were srlected.
 

Table 6. Characteristics of E. Yiax asexual 

HcAbs 

aHcAt Isotype 1FA pattern Cross reactivity 

P. falciparum 


HPV! IgGl 
 I 


MPV2 IgGi 
 I 
 -

MPV3 IgGI 
 I 
 -

HPV4 [gG3 
 I 


HPV5 [gG1 
 I 


MPVG IgGl 
 I 


HPV7 igGl 
 I 


MPV8 IgG1 
 I 


MPV9 IgG 
 I-


MPVIO fgH I 


PTIlIGi I 
 -


XPVI2 IgGi 
 I 


a . monoclonal antibodies 
b = ten isolates were initially tested
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erythrocytic stages 

Isolated Mr (103)
 
specificity
 

(X) 

100 30, 85
 

100 30, 85
 

10C 30
 

40 100
 

90 30
 

30 100
 

90 30
 

90 30
 

90 30
 

30 >200
 

80 36, 39, 85,
 

95, 115
 

50 100, 135,
 

>200
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McAba Isotyp, IFA pattern Cross reactivity Isolated Oir (103) 
P. falciparum specificity 

MPV13 Igm I - 60 30 

MPV14 IgM I - 50 135, 200 

MPV15 igM I - 80 35, 85 

HPV1E IgM I- 90 100, 135, 

>200 
MPV17 IgM I 80 36, 39, 

>200 
MPV18 IgGr I - 90 >200 

MPV55 IgG2a I - 40 15, 28 

HPV56 1WG2a I - 30 28 

M VI7 I I I - 30 200 

MPV19 IgGi II - 100 67, 75 

HPV20 IgG1 II - 100 35, 41 

MPV21 IgGI II 100 41, 68, 

75, 90 
HPV22 IgGi II 100 110, 200 

MPV23 IgGi II 100 200 

HPV24 IgGI II 100 11, 90, 

110, 200 
MPV25 IgGi II 100 200 

MPV26 IgGi II 100 110 

HPV27 IgGl II 100 30, 50 

MPV28 IgG II- 80 39 

HPV29 gGl Ii- 50 95 

a = monoclonal antibodies 
b = ten isolates were initially tested 
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HcAba Isotype [FA pattern Cross reactivity
P. falciparum 


MPV30 IgGl II 


MPV31 TgGI iI 


MPV'32 IgGI II 


HPV33 Gl II 
 -


MPV34 [gGl II 


MPV135 IgGI II 


HPV'36 igG2a III 
 -


MPV:3'7 IgG III 
 -


MPV38 Igm III-


MPV)4 1gGi III 


MVSO IVOi III 
 -


MPV3S9 IgGI V 
 -


MPV40 IgG 1 V 
 -


MPV4I1 IgGl V -

MPV42 IgG3 V -


HPV43 f)5G3 V 
 -

MPV44 IgGi V 
 -


MPV45 IgG I V 
 -

MPV4 , I,iGI VII -

HPV47 gGi VII ­

a monoclonal antibodies 
b ten isolates were initially tested 
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Isolated M- (103)
specificity
 

90 115
 

100 30
 

60 36
 

80 30. 50,
 

85
 

100 50 85
 

80 ] 200
 

90 30, 68,

10b, 

100 95
 

30 100
 

100 85
 

90 30, 41,
 
68
 

80 85, 95
 

50 3r,
 

70 11.5 

50 J1 

50 3:
 

80 85, 95
 

60 115
 

60 85
 

70 85
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McAba Isotype IFA pattern Cross reactivity Isolated Mr (10 3 )
P. falciparum specificity
 

HPV48 IgGI VII 
 100 30 

MPV,19 Ig I VII 100 30
 

MPV,5I I IsGH VII 
 - 70 85 

M1,115 IIgeh VII - 60 85 

MPV5 " Ig, 1 VII ­ 90 30
 

MPV53 IgG VII ­ 90 05
 

A monoclonal antibodies 
b = ten i!olates were initially tested 

3. V.. viv.ax antigen slides for indirect fluorescent antibody 

test (IFA)
 

Blood smears were made from
 

1. L- v-jyaz, infected cells obtained from patients with
 

vivax malujria (PVOOI-PV300) admitted theto H,' 

for Tropic;il Diseases, Bangkok. These patieiif.i u 

from different areas 
of malaria including
 

1.1 Chanthaburi province
 

1.2 Kanjanaburi province
 

1.3 Trat province
 

1.4 Tak province 

1.5 Ratburi province 

1.6 Chachoengsao province 

1.7 Prachin Buri province
 

1.8 Chumpon province
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1.9 Prachuap Khiri Khan province
 

1.10 Nakhon Sawan province
 

1. 11 Chon Buri province 

1. 12 SuratL Thani province 

1. 13 Nong Khai privince 

1. 14INan province 

1.15 PheL Buri province
 

1. 16 Rayong province 

1.17 Phitsanulok province
 

1. 18 Saniu t Siakhon province 

1. 19 Nakh,:n Rn tcha.;ima province 

1.20 Nakhon Si Tnnmmarat province
 

1.21 Bur ir3 r province
 

1.22 Nakhon Nayok province
 

1 .23 IUthai Thani province 

1 .24 Phetchahun province 

1. 25 Chiangrai province 

1.26 Ubonrajthani province
 

1.27 Krabi province
 

1.28 Lop Buri province
 

1.29 Narathiwat province
 

1.30 Nakhon Ratchasima province
 

1.31 Kumphaeng Phet province
 

1. 2 Uidon Thani province 

1.33 Uttaradit province
 

1.34 Lamphun province
 

1.35 Mae Hong Son province
 

1.36 Burma
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The blood from patients was washed 5 times with RitlI­

1.6. 0i. thout serum and the cell sefdiment resuspended in the same 

mdilim, f-i owd by .s;meat on clean glass slides, quickly dried in 

air, k,: pt tf r :t dlay at. room t.emperavtr r I ed in a sealed 

pl:-;t ,- , .r'.'e ops; r.ogether with s1lica gel and stored at -70°C 

I) ft. I used . 

2. 	 Concentrated P- v infected red cells obt;,.cd 

from pat ients with vivax malaria (PVOOl-PVj,'d). 

Enrichment of .. YBia. infected RBCs was achieve.' by 

using SEC-(--ercol[ method described recently 

(Tharavun ij etl. , Sout.heast Asian J. Trop. Ned. 

Pub. ilth., 18: 3b-43). The concentrated L yiv;zx 

infeoted :- 1 Is were wansh.d 3 times with PBS pH 7/.2 

and the resspdnded sediment, were smeared on clean 

glass s lides, qiuickly dried in air, kept for n day 

at room temperature, placed in a sealed pl.' "r. 

envelop together with silica gel and stored at .70 0 C 

until used. 

3. 	 L i -kax infected cells obtained from pat ioit-. 

attending malaria clinics in lUmphur Mae Sariang, 

Chiangmai province (CMPVl-CH!-VSO). Thin blood 

smears were made d,.rectly from the patients on c] .an 

glass ;lides, quickly dried in air, kept for a day 

at 	 room temperature, placed in a sealed plastic
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http:obt;,.cd


envelop together with silica 
 gel and sent
 

immediately to the laboratory 
 in Bangkok. The 

slidhes were then stored at -70°C until used. 

4. Demonstration of antigenic diversity in L. yivyux 

A panlt I oC towere 


c-,ns ide r a b1 , nr. igenic- 4 i v. r! ;it y in 3010 


ti MeAbs used demonstrate 

primary isolates of P. 

yj-_j! col lected from 35 p rovirc': a round Thai land including one 

iso01t, fr-o [tirnim jair an immnriafliarscoat test. The indirect 

f oresccno, noi ii; c<tari.'-fix<,1 infected blood as antigen was
 

used ari 
 H t;; t., t.'Ihnique previously describe (Khusmith et 

. 104, A n ' . I A I erg. I maurno I . : 1-95). Smears
 

wer,'. maue wlshed
fr, infected blood of pat ients with yx-.


and ftoted 't -7W) C in se-ald contain,;rs w.ith Silica gel until
 

requ i rfed 
. The [FA was ',r r ied out at 370 C in a humid
 

.haaber . Aft .r 
 f ixa t ion in acetone (-200 C) each well was
 

trented wi th 10 u] of isted 
monoclonal ant ibodies 2 atfor hours 


37° C, !heo I id ewere washed vigorously and reacted further for
 

anothr hou r with fluoresce in isothiocyanate conjugated goat 

art i-m ous [gG , A, X (Pasteur Inst itute, France). After washing 

and drying the slides were mounted in a mounting medium 

con t ain ing 4.5% N propy 1 gal late in 0.2 H Tris in glycerol and 

Ixumined undea r a fliorescerit mircrosocope. 

The percentages of parasi tes reacting with particular 

monoclona l antibodies were byestimated assessing the proportions 

of malaria pigment granules (as observed by normal transmitted
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white light) which 
were associated with fluorescent parasites (as
 

observed by incident UV light). 
 To exclude inter-observer error
 

one person read all the IFA slides. Positive rectivities of 

these McAbs with an isolate were scored (Q to +++) depending on 

the intens ity of the fluorescence, and in each case the 

proportion of parasite giving a positive reaction was noted. 

Steps taken to ensure the validity of results : 

I A singic0 batch of all monoclonal antibodies was used for the 

entire invest igat ion. 

2. At least 4 different isolates were processed for the IFA and
 

assayed snimultaneously. 

:3. The nssay as Atandardized from one batch of isolates to
 

another by including a previousliy tested isolate in each batch.
 

Retvj t ties of these monoclonal antibodies with 300 

differont parasite isolates obtained from patients from 35
 

provinces in Thailand including one isolate from Burma 
rerealed a 

h igh level of t igyri diversity of this parasite. About 10 

monoclonal ant.ibodie:s reacted with epitopes that were represented
 

in more than 90% of paraito isolates, and therefore, appeared to 

be relatively ,onse;rved armong different isolates. The remaining 

monorlorp! antibodies reacted with only 30% to 80% of parasite
 

iru c ietes. 

.5. Calculation the frequencies of several parasite antigens 
in
 

the samples
 

The data are currently under analysis.
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6. The distribution 
 of antiganic variation 
and geographic
 

distribution
 

The dat~a are currently under analysis. 
 Our preliminary
 

resu]t showed that the 
antigenic diversity of 
E- yivax occurs 

even in the :;ame area in Thailand. 

7. P[eparation of 
 . _iyx ,intigens for immunofluorescent test
 

ancd Western blot analysis
 

Enrichment. 
 f P.i ytLax infected RBCs was achieved by 
using SEC--G-25-Prcol1 method described recently. The specimens 

were either pruee ;s.rJ immed iately or stored overnight at 40 C. 

A f-ne .1] uiiqucjt of hepurinized whole blood was passed 
through a column an equal volume of sulfoethyl -ellulose and 

S ephad-?x G-25 pre-viously equilibrated with phosphate buffer pH 

7.5. '[h: couan as then washed with approximately 40 ml of the 

bffr unt. i I the column was free from RBCs. The eluate was 

e'-ttri fuged, tho# supernate removed and the cell sediment restored 

tL 50% hjmat.ccrit. The cell suspensions from several tubes were
 

pooed nd two ml ea- h was layered on top of discontinuous 

;,r adin ts comprising successive layers of two ml each of 75%, 

/0%, 50% and 40% 
 of Percoll in the same buffer. Af Ler 

ret r i faati(,n at 2,600 rpm for 10 min at 200 C. Two and
 

Lom et. t thr, ands. were obtained. 
 The first and second bands 

°were [oca1.ised in the [ayers of 50% and 60% Percoll and the third 

band in t he interface of 60% and 75% Percoll. The cells in the 

first and second bands were pooled and called "upper baid"
 

whfrens the third blnd was called 'lower band". The smears were 

made from the blood prior to passage through the column and after 
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Percoll gradient centrifugation, stained with Giemsa and the
 

result examined by light microscopy.
 

(ell s in th, upper and lower consisted of both 

tropho oite:s anrd ring .tangs with more matture trophozoites and a 

re latively highor p.rcentage of tropi,,zoites in the upper band. 

EnrichmnrLt ,f L_ i'-ax infected real blood cl is from the blood of 

160 mularin patient.s were summaliWed in table 7. 

['able 7. Parasite yields after enrichment
 

( x 107)Parasite count 

Patient 

Upper Iower Total
 
band band
 

PV141-PV142 1.60 15.00 16.60 

PV143 ND ND ND 

PV144 0.99 1.20 2.19 

PV145-PV147 0.02 6.20 6.22 

PV148 1.50 12.00 13.50 

i,.-PV50 168.N 170.00 338.00 

P'V15l 14.00 12.00 26.00 

PV152-PVl54 4.50 5.50 10.00 

PM155 12.00 18.00 30.00 

P7156 ND ND 15.00 

PV157 1.80 5.30 7.10 

ND not done 
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( x 107)
Parasite count 

Pat ien t 

Upper Lower 
 Total
 
band band 

PV158-PV161 19.00 25.00 44.00 

11V162-PVIG3 1 30 2.60 3.90 

PV 16, 0.34 4.50 4.84
 

PV165 1.60 
 9.40 11.00
 

PV166 1.70 
 1.50 3.20 

PV167 1.60 4.30 5.90 

?V168 2.80 
 3.40 6.20
 

PV169-PV171 ND ND 102.00* 

PV172 7.00 1.10 8.10
 

P7173 1.10 
 0.94 2.04 

PV 174 30.00 59.00 89.00
 

PV175-PV176 ND 
 ND 32.00
 

PV 177 1.80 36.00 37.80 

PV178 TB 3.70 3.70 

PV179 32.00 
 35.00 67.00 

PVi80-PVi81 13.00 18.00 31.00
 

PV182 0.65 
 0.78 1.43
 

PV183-PV184 1.20 
 9.20 10.40
 

P 185 21.00 12.00 33.00
 

PV186 18.00 
 28.00 46.00
 

PV169-PV171 
 = 3 tubes, each fraction A # fraction B 34.00 
ND = not done 
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Parasite count ( x 10
7)
 

Patient 

Upper Lower Total 
band band 

PVIH'0/- IVI 6 7.50 15.00 22.50 

PV19 O-PVI1"2 6.20 12.00 18.20 

PV10:P3-'/ I,l 10.00 13.00 23.00 

P'/1)9.J-PV117 12.00 32.00 44.00 

P V PV 1311U" 4.60 10.00 14.60 

PV20J0 --P/2I 6.30 14 .00 20.30 

11'V J-PV2'i4 34.00 57.00 91.00 

PV205 21.00 74.00 95.00 

PV r.J6 1.80 1.80 3.60 

-'V2(J7-PV208 9.40 49.00 58.40 

V,9 -[PV1" 1 0.70 37.00 45.70 

P V2I- P[V2I6 2.00 14.00 16.00 

PV i7-FV219 22.00 40.00 62.00 

P V2212 24.00 71.00 97.00 

PV.21-PV224 14.00 73.00 87.00 

PV225-PV226 3.40 21.00 24.40 

PV227 2.40 15.00 17.40 

f'V228 12.00 71.00 83.00 

PV229-PV231 12.00 31.00 43.00 

PV232 4.00 17.00 21.00 

PV233-PV235 10.00 110.00 120.00 

PV236-PV239 28.00 260.00 288.00 
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Patient 
Parasite count ( x 107) 

Upper 
band 

Lower 
band 

Total 

PV240 -PV241 

PV242-PV24-

P'124 ! --PV248 

PV241,-PV250 

PV251-PV252 

PV2.53-PV256 

PV,7 

PVB"1) P1259 

i1V260 -PV2 61 

14.UO 

TB 

7.20 

6.30 

9.90 

15.00 

2.50 

ND 

1.80 

190.00 

150.00 

100.00 

23.00 

35.00 

260.00 

12.00 

ND 

2.50 

204.00 

150.00 

107.20 

29.30 

44.90 

275.00 

14.50 

27.00 

4.30 

PV,62 -PV263 

PV264 

PV:65-PV267 

PV288-PV269 

PV270-PV272 

4.20 

4.20 

2.90 

8.30 

TB 

280.00 

2.90 

10.00 

28.00 

39.00 

284.20 

7.10 

12.90 

36.30 

39.00 

PV273-PV275 

PV276-PV279 

7.80 

12.00 

14.00 

49.00 

21.80 

61.00 

PV280-PV283 

PV284 -PV287 

PV288-PV28) 

PV290--PV291 

PV292-PV293 

5.50 

ND 

2.60 

10.00 

3.10 

100.00 

ND 

10.00 

21.00 

5.50 

105.50 

48,00 

36.00 

31.00 

8.60 

TB 
ND 

tube was broken during experiments 
not done 
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Parasite uGnt ( x 107

Patient 


Upper 
 Lower 
 Total
 
band 
 band
 

PV294-PV296 
 11.00 
 21.00 
 32.00
 

P'V297 
 4.40 
 20.00 
 24.40
 

PV298-PVJO 
 5.40 
 28.00 
 33.40
 

(GonCla ion 

We are now in 
the stage of data analysis to investigate
 

whether distribution of different 
antigenic types is 
related to
 

their geogiraphij locations 
or not. The blood samples are now 
be ingy o I ,ltiedfrom the vivax patients before 
 and after
 

re,, rid(Ie. t,n in
L order to demonstrate whether 
 the strain
 

rucrudes;,ernt ofter 
 anti--malaria 
 drug therapy is the same or
 
different 
 from those 
causing initial clinical symptoms using a
 

panel of monoclonal antibodies.
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