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Overall Objectives
 

1. 	To rnisl and characterize monoclonal antibodies against blood 

stages of El. Yi-.-LUi 

2. 	To determiu whether there is antigenic diversity among
 

difformnt 5"trin1nsi of V MY=
 

3. 	 To iQvyt.!,, wh,,ther distribution of different antigenic 

types' in ri;It.! to their geographical icuations 

4, 	To d1omonLrmt, withar the strain recrudescent After anti­

malaria dIrug nhrpy :q the same or different from those 

causing initial clinical symptoms 
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Plans 	of work
 

1) Production of monoclonal antibodies against . yvix 

2) Characteri;'ation of monoclonal antibodies against P. yiyax 

2.1 IFA
 

2 2 £DS--PAG;E. and Western blot analysis
 

3) 	 Preliminary scrtening of monoclonal antibodies and select them 

for entabli;h I-nt of a panel of monoclonal antibodies for 

strain spoc i f ic i tios 

4) 	 Typing or P_. yj'liz! isolates using several monoclonal 

antiobodies and 

demonstrate their antirenic diversity 

4.1 	Isolates from patients admitted to the Hospital for
 

Tropical Disean;es
 

4.2 	 lsolate.,; from [. ylzuz cases from malaria endemic 

areas in Thailand 

5) 	 Demonstration wheth'er there is any antigenic disparity between 

par-asites causing initial clinical symptoms and those causing 

recrudescence 
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Scientific Progress
 

Following progress has been made
 

1. 	To explore the degree of polymorphism that prevailed in a
 

series of L- vlyux isolates obtained from infected patients.
 

2. 	 Calculation tht frequ'rnians of several parasite antigens in 

the samp e;. 

3. 	 To examine; the distribution of antigenic variation aNI
 

geographic ,distribution.
 

4. 	 Colloction and preparation of E- viax slides from vivax
 

malaria patint: attending malaria clinics in endemic areas.
 

S. 	Preparation of V", ,i7i1.t antigens for immunofluorescent teat
 

and Western blot analysis.
 

6. 	 Collection of E, Max,antigens from relapse cases.
 



1. Demonstratioan of antigenic diversity in E1azz[dijn yisix
 

A panel of 58 monoclonal antibodies were used to 

demonstrato consideruble antigenic diversity in 300 primary 

isotnte- of 2. viyan collected from 34 provinces around Thailand 

including one isolate from Burma using an immunoflourescent 

assay. 

Blood smears were; made from
 

1. 	L yiy.ax infected cells obtained from patients with 

vivax malaria (PVOOl-PV3UUO) admitted to the Hospital 

for Tropical Diseases, Bangkok. These patients came 

from different arein: of malaria including 

1. 1 Chanthaburi province 

1.2 Kanjanaburi province 

1.3 Trat province
 

1.4 TAk province 

1.5 Rajburi province
 

1 .6 Chachoenagsao province 

1 .7 Prachin Buri province 

1.3 Chumporn provipce 

1.9 Prachuap Khiri Khan province 

1. 10 Nakhorn Sawan province 

1.11 Chon Burl province 

1 .12 Surat Thani province 

1. 13 Nong Khai provilnce 

1. 14 Nan province 

1.15 Phet Buri province
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1. 16 

1.17 

1. 18 

1 .19 

1.20 

1.21 

1.22 

1 .23 

1.24 

1. 25 

1 .26 

1.27 

1 .28 

1.20 

1 .30 

1.31 

1.32 

1 .33 

1.34 

1.35 

Rayong province 

Phit.' nulok province 

Samut Sakhon province 

Nakhorn Ratchusima province 

Nakhorn Si Thammarat province 

Buriram province 

Nakhurn Nayok province 

Uthai Thoni province 

Phet.2h'hrn province 

Chiangrrai province 

IUbonraithani province 

Krubi province
 

Lop On ri orovince 

Nnr:uthiOt province 

Kumpha ng Phet province 

Udon Than i province 

Utttarrudit province 

Lamphun p rovince 

Mac Hong Son province 

Burma 

The blood from patients was washed 5 times with RPMI­

1840 without serum arid the cell sediment resuspended in the same 

modium, followed by smear on clian glass slides, quickly dried in 

air, kept for a d,' at room tmperature, placed in a sealed 

plastic envelopIs together with silica gel and stored at -700 C 

until used. 
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Indirect immunofluorescent assay (IFA)
 

The indirect fluorescence using acetone-fixed infected 

blood as antigen was done according to the technique previously 

described (Khosmith Pt Q., 1984, Asian Pacific J. Allerg. 

Immunol., 2:91-95). 

Smears were made from washed infected blood of patients 

with [. Aiy.x and stored at -70]° C in sealed containers with 

Silica gel until required. The I FA was carried out at 370 C in 

a humid chumber. After fixation in acetone (-200 C) each well 

was treated with ii) ul of li;ted monoclonal antibodies for 2 

hours at. 37 C, the slides were washed vigorous].y and reacted 

fu r-her for another hour with f luorescein isothiocynnate 

conjtusuted goat anti-mouse IgG, A, M (Pasteur Institute, France). 

Aft-r washing and drying th slides were mounted in a mounting 

m"diuma 4.5/ in 0.2 H Tris in glycerolcontnining N propyl gallate 

and examined under a r Luore.cent microscope. 

Th, p r,:en agr: of parasites reacting with particular 

monoclonal ar, .I hodi e. w-. stimatod by assessing the proportions 

of mulanrin pigment jranulpE (as observed by normal transmitted 

white light) which were associated with fluorescent parasites (as 

obsorvd by jncident UV light), To exclude inter-observer error 

one por;or, read all th, TFA slides. Positive reactivities of 

these mononi nsl antihodies with an isolate were scored (+ to 

rt) depend nrg on the intensity of the fluorescence, and in each 

case the proportion of parasite giving a positive reaction was 

noted. 
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Steps taken to ensure thte validity of results 

1. 	A single batch of all monoclonal antibodies was used for the 

entire, invst igna tion. 

2. 	 At least -1differnt. islatj wort processed for the IFA and 

assayed'!- ns ! -tII:-o II/.
 

assay .it of
3. 	 Thohe tc;tandirdizd from. one batch isolates to 

anrother by including a previous ly tested isolate in each batch. 

Reaction of primary isolitten with nonoclonal antibodies 

The number" arid porcon ta;os of isolatos which were 

classified as hav'iin! 50%, <0,. and those in which no parasites 

were reactive ag!ainst the 58 monocional antibodies are shown in 

Table I. For reasons of br if ly, the ronc. on of each isolate to 

each mionoc ortn I ant.ibidy i! not pr,-:;en ,,d. 

The resui its .nown in Tab I 1 demonstrated that the 

population of '. ".Yia in various reg ions of Thai land is 

anti ien i ca y hetrogenn . All isolates reacted to some degree 

with grot, I Tnd group I monoclonal antibodies McPVl9, McPV20, 

HcPV2 1 4cPV22, HcPV23, MePV24 HcPV25, McPV26, HcPV43, and 

McPV49. W i th on tah 1 is hed i so teI sa these mon ccl on a 1 antibodies 

a 1 ways ;ve t.he same reo;t ion and were thought to be directed 

"ga inst the a t i ,n i, determimnan t For monoclonalg 	 an.71 . 

antibod je McPV.1 ,cPV, .'c(-V3 and 'cPV27, 35-99% of the .solates 

were c las; if ied as contain ing ,.51% f It orescen t schisont and 

merozitos, in the stdy i*olarefron a sample 300!rnt no of 

were torprima ry iso lnter; fogarite-ill monocional antibodies. 

The remaining manoc!o:a an tibodies esp,-cially gioup I, V and 
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group VII was found to be highly variable in that the monoclonal
 

antibodies 	reacted with only 30% to 90% of the isolates tested.
 

In add i ti on 	to cul ture suporntants, suura 1 monoclonal 

antibuiJs 	were tested as ascites Fluid at vari ous dilutions with
 

a series K 	 par in; isolates. When a culture sopernrcant of an 

antibody r-eacte!d with an isolate, the ascites fluid of that 

monoclonal anitodiy also reacted witn that isolate up to a 

dildution 	 of 1:131072. When a mono onal antibody as culture 

.Eupernatant Aid not react with an isolate, it failed to react 

even as ascites fluid at a dilution of 1:2.
 

Table 1. 	 Primary isoaltes of E-_ yyi reacting with 58
 

monoclonal antibodies
 

No. and (%) isolates classified 
Honoclonal Total --------------------------.------------------
Abtihodies examined 50% reactive <50% reactive 0% reactive 

McPV 1 300 295 (90u.i3) 5 (1.66) 0 (0) 

HcPV2, 300 297 (',39. O) 3 (1.0) 0 (0) 

McPV3 300 299 (99.66) 1 (0.33) 0 (0) 

McPV4 300 120 (40.00) 160 (53.33) 20 (6.66) 

McPV5 300 270 (90.00) 30 (10.00) 0 (0) 

XcPVF 300 90 (30.00) 100 (33.33) 110 (36.66) 

H.,[V7 300 274 ( 91 :33) 26 (8.66) 0 (0) 

Hc['V8 300 275 (31.66) 25 (8.33) 0 (0) 

HIcPV9 300 274 (91.33) 26 (8.66) 0 (0) 

McPVlO 300 99 (33.00) 19 (6.33) 182 (60.66) 

McPVI1 300 255 (5.100) 45 (15.00) 0 (0) 
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No. 'Ind c ) isolates classified 
Monoclonal Total .................................................. 
Abtibodi-s examined 50% reactive <50% reactive 0% reactive 

HFV12 :J 1SO6 (SWU ]) 130 (43.33) 20 (6.66) 

,HvPV 13 30 280 (33 33) 20 (6.66) 0 (0) 

H'V,1 300 165 (55.00) 100 (33.33) 35 (11.88) 

M P715 300 255 (85.00) 45 (15.00) 0 (0) 

McPV16 300 281 (93.66) 29 (9.66) 0 (0) 

HtI'V 17 300 244 (81.33) 120 (40.00) 34 (11.33) 

M pVI8 300 285 (60.00) 25 (?.33) 0 (0) 

HPV I 74 74 (100) 0 (0) 0 (0) 

m ''IV . 74 74 ( i') 0 (0) 0 (0) 

M- 1 74 74 (100) 0 (0) 0 (0) 

HCP V2 74 74 (100) 0 (0) 0 (0) 

M1HeV3 74 74 (100) 0 (0) 0 (0) 

M(PV24 74 74 (100) 0 (0) 0 (0) 

M-PV25 74 74 (106) 0 (0; 0 (0) 

McPV26 74 74 (100) 0 (0) 0 (0) 

HcPV27 74 74 (95.94) 0 (0) 0 (0) 

McPV28 74 59 (79.72) 15 (20.27) 0 (0) 

H(.PV29 74 37 (50.00) 20 (27.0-7) 17 (22.97) 

McPV3O 74 67 (90.54) 7 (9.45) 0 (0) 

H,-[PV31 74 74 (100) 0 (0) 0 (0) 

'I:PV32 74 44 (59.45) 22 (29.72) 8 (10.81) 

,I Vo '74' 60 (81.08) 14 (18.91) 0 (0) 

1,-P734 74 63 (85.13) 11 (14.86) 0 (0) 

McPV35 74 60 (81.08) 10 (13.51) 4 (5.40) 

cPV36 74 67 (90.54) 7 (9.45) 0 (0) 
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to. and (%) isolates clas. i ied 
Monoclonal Total . . . . . . . . . 

Abtibodies tamined 5:3% reoctive <5L)% reactive 0% reactive 

HcPV37 74 70 ',1.59) 4 ( 5.41) 0 (0) 

M cFV3d 74 3 (40.00) 34 (45.9,1) 10 (13 51) 

. PV33 285 241 U4. , .40 (11.03) 4 (1.40) 

M 1 V4 ( I 285 149 52 . )28 20 (7.01 ) 116 (40.70) 

HcEPV41 285 210 73. 38) 69 (24.21) 6 (2.10) 

H-P742 285 16 0 5 .14) 28 (9 82) 97 (34.03) 

MPV43 205 172 (6335) 38 ( 13.33) 75 (26.31) 

H,,PV44 285 240 (84. 21) 28 (9.82) 17 (5.96) 

HCPV 45 285 198 ( 9 .47' 82 (28.77) 5 (1.75) 

H PV4P 285 181 (83 50) 48 (IS.84) 56 (19.64) 

MeP>V4,7 285 191 67 .01) 45 (15.78) 49 (17.19) 

HC1c48 "285 285 (100) 0 (0) 0 (0) 

McPV49 285 285 100) 0 (0) 0 (0) 

MC.[ j0O285 190 66. 66 46 ( 16.14) 49 (17.19) 

McPV51 205 171 (60.00) 64 (22.45) 50 (17.54) 

MPV52 285 258 (90. 52 42 (14.73) 0 (0) 

8oPV5:3 285 186 (05. 26 49 (17.19) 40 (14.03) 

MC['154 74 6 (90.00) 8 (10.81) 0 (0) 

1eCPVJ5 300 122 (40.66) 49 (16.33) 129 (43.00) 

.9PV/56 300 135 (47.36) 52 (17.33) 113 (37.66) 

MCPVS'/ 300 201 (67.00) 68 (22.66) 31 (10.33) 

(cPV58 74 68 (91.89) 6 (8.10) 0 (0) 
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2. Distribution of blood stage antigen in LU ;y izax isolates 

to s ted 

'Th nssoc iat ior t -tween the reaction of monoclonal 

antibodies on different m-,latcs of L. vy and the molecules 

that these monoclonal antibodies runcted is shown in Table 2. 

Table 2. 	 Distrihtion of blood stage antigens in YLiha
 

isolat.es tested
 

No. of positive
 
McAba Mr (103) isolates (%)
 

85 	 (06.33) b
 
McPVl 	 30, 295 


85 	 (99.00)b
McPV2 30, 297 


McpV3 30 290 (99.66) b
 

120 0 0 )b
 

270 :90.00) b
 

McPV4 	 100 (4 0 .


KcPVS 	 30 


100 90 (30.00)b
McPV6 


MePV7 
 30 	 274 (9 1 .33 )b
 

HcPVO 30 275 (9 1 6 6 )b
 

McPV9 30 274 (91.33) b
 

McPVIIJ >200 99 (3 3 .00 )b
 

b
 
MCPV!I 36,39,85,95,115 255 (85.00)


b
 
tcPV!2 	 100,135,>200 150 (50.00)
 

McPVI3 30 20 (9 3 .3 3 )b
 

McPV14 135,200 165 (5 5 .0 0 )b
 

McPVI5 35,'5 255 (85.00)b
 

U = mon)clonal antinrdijes antiLvdies 
b = 30 isolate; w r" initially tested 
c = only 74 isolates have schizont stages 
d = only 285 isolate have trop',izoites and schizont stages 
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3 No. of positive
 
a
McAb Mr (10 ) isolates (%) 

McPV16 100,135,>200 281 (9 3 .6 6 )b 

HOPVI7 36,30,>200 244 (81.33) b 

KCPVl8 >200 285 (9 0 0 )b 

HcPVI9 67,75 74 (100 )c 

X(cPV20 35,41 74 (100) c 

McPV21 41,68,75,90 74 (1 0 0 )c 

HcPV22 110,200 74 (100) c 

HcPV23 200 74 (100) c 

MHPV24 4,90,110,200 74 (1 0 0 )c 

NaPV25 200 74 ( 1 0 0)C 

HoPV26 110 74 (100) c 

McPV27 30,50 74 (9 5 .9 4 )C 

XcPV28 39 59 (79.72) c 

HMcPV29 95 37 (50.00)0 

HcPV30 115 67 (90.54) c 

HcPV31 30 74 (100) c 

KcPV32 36 44 (59 .4 5 )c 

HcPV33 30,50,85 60 (81.09) c 

MePV34 50,85 83 (85.13)c 

HcPV35 115,200 60 (81.08) c 

McPV36 30,68,100 67 (90.54)c 

HcPV37 95 70 (94.59) c 

a monoclonail antibridies antibodies 
b 300 isolates weire initially tested 
c only 74 isoiates have schizont sta4es 
d only 285 isolates have trophozoites and schizont stages 
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No. of positive
 
McAb5 Mr (103) isolates (%)
 

c
McPV38 100 30 (40.00)


241
McPV39 85,95 (84.56)d
 

149 (52.28) d
 
McPV.1O 36 


6 8 )d
HcPV41 115 	 210 (7 3 .


160 (5 8 .14 )d
HcPV42 39 


172 (80 .35 )d
HcPV43 39 


d
 
85,95 	 240 (84.21)
McPV44 


115 198 (89 .4 7 )d
HcPV45 

85 181 ( 8 3 .50)dMcPV46 

McPV,17 85 191 (67.01) d 

McPV48 30 285 ( 1 00)d 

30 	 285 (100) d
 
McPV49 


85 190 (6 6 .66 )d
XcPV50 


171 (60 .
McPV5I 85 0 0 )d
 

McPV52 30 
 258 (90 .52 )d
 

186 (6 5 .2 6 )d
McPV53 	 85 

c
XcPV54 85 86 (90.00)

HcPV55 15,28 122 (40.66) b 

M:P'156 28 135 (4 7 .3 6 )b 

McPV57 200 201 (87.00)b 

c
McPV58 30,41,68 	 68 (91.89)


a : monoclona1 antibodie antibodies 
b = 300 isolates were initially tested 
c = only 74 isolates have schizont stages 
d = only 285 isolates have trophozoites and schizont stages 
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3. Calculation the frequencies oif several parasite antigens in
 

the 	snamples
 

The data are currently under Hnn lysis
 

4. Distribution of antigenic variation and geographic
 

distribution
 

Thn 	lata are currently under analysis. Our preliminary 

results seem to ;hov that; the antigenic diversity of 2- yL
 

occurs even in a relative small area in Thailand. 

5. Preparation of F_ yimy antigens for immunofluorescent test
 

E.nrichmont of LI 'L.vl x infected RBCs was achieved by 

using SEC-G-25--Perccj method described recently. The specimens 

were eithe proreesyd immediately or stored overnight at 40 C. 

A on" me aliqut of heparinized whole blood was passed 

through a column n -aqua! wvelumn of sulfoethyl cellulose and 

Sephadex G-25 pr'-vious;y equ i.rated with phosphate buffer pH 

7.5. The column :s;then wash,, with approximately 40 ml of the 

buffer until the ,o]unmn was free from REBCs. The eluate was 

centrifuged, the supr' mate removed and the call sediment re3tored 

to 50% hmt,:rit. The ce ]l suspensions from several tubes were 

pool ed tnd t.w mi ,:e':ih was I a yeir-ed on top f discontinuous 

gradints cemprising su,.,nssiv layers of two ml each of 75%, 

60%, 50% and 40% of o- ,lt in the same buffer. After 

cntrifugation at 2,BUJ rpm for 10 min at 200 C. Two and 

sometime three bands .-re obtain,. The first and second bands 

were localized in the layers of 50% ina K0% Parcoll and the third 

band in the intr"ife ot 3M% and 75% Perco1. The cells in the 
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first and second bands were pooled and called "upper band", 

whereas the third band was called "lower band". The smears were 

made from the blcAJ prir to passnge through the column and after 

Percoll gradient ,rontrifugation, stained with Giomsa and the 

result exam ined by light micrns'opy. 

Ce I [; i i the upper and lower consisted of both 

trophov-oitus and ring q;tagas nwb more mature trophozoites and a 

relatively higher p"rCvnt'ag of trophoZoites in the upper band. 

Enrichment of 11. OgiyiaA infected red blood cells from the bJood of 

160 malaria patients ware summalized inl Table 3. 
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Table 3. Parasite yild; aftr erricehmrnt 

Parasitt counnt (z, IIJ' 

Patient Upper band 

PV3O1-PV30)2 1.90 

PV3n3 ND 

PV304 -PV:307 4.50 

PVJO-PV309 2.50 

PV:2iIO-PV312 0.90 

PV313 1.80 

PV3,14t--PV316 5.70 

PV317-PV320 3.30 

PV32]-PV323 9.30 

['V32,1 4.90 

PV3',!5-PV326 1.50 

PV3:.7-PV329 5.20 

PV330 14.00 

PV331-PV332 3.60 

PV333-PV337 8.50 

PV33 8-PV3tI 3.00 

PV312-PV3 3 16.00 

PV3,14-PV34,7 3.80 

/'j:4I .['Y3,9 6.80 

['V350-PV35 I S 

PV 52 -PV5:3 2.30 

Lower band Total 

4.50 6.40 

ND 0.50 

17.00 21.50 

45.00 47.50 

16.00 18.90 

6.Co 8.70 

27.00 32.70 

16.00 19.30 

17.00 26.30 

5.90 10.80 

4 .60 6. 10 

24 .00 29.20 

12.00 26.00 

37.00 40.60 

61.00 69.50 

19.00 22.00 

24.00 40.00 

19.00 22.80 

53. O0 59.80 

S S 

1t4.00 20.30 

.oSt or the parasites are d-,generated 

L 
ND 
TB 

smear 
l ys is 
ri -ot do ;ri 
tube was broken during experiments 
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Parasite count (x iO-f 

Patient Upper band Lower band Total 

PV354-PV356 0.44 0.45 0.89 

PV357-F'V3J5 2. 50 12.00 14.50 

PV35:J 21.00 3.40 27.40 

PV362 -'V0,'j62 1.50 7.00 8.50 

PV36:3-PV364 2 .80 13.00 15.80 

PV3WI -PVB66 2.60 17.00 19.60 

PV3L7-PV368 S S S 

PV369 S S S 

PVT/(i-EPV371. S S S 

PV3'/2 S S S 

PV373 S S S 

PV374-PV377 TB 17.00 17.00 

P'V378-PV380 2.50 18.0a 20.50 

UV381-PV382 15.00 21.00 36.00 

PV3H3-PV385 3.70 9.90 13.60 

PV:386-P1187 1.90 7.40 9.30 

PV388-PV389 3.80 35.00 38.80 

PV390--PV392 2. 10 L 2.10 

PV393-PV394 4.00 4.90 8.90 

*PV395 4.40 3.50 7.90 

PV39)6-PV337 3.40 3. 00 7.00 

qMo:st oC the parasites are degenerated 

S, - flear 
L :: ysis 
ND not. done 
TB tube wa!; broken during experiments 

21 



..d I eIC:Lion or V.. Y..YL&& ankLtgen±; lroii re lapse cases 

P.. ! i rells relapse casesWanted obtained from 

admitted to the B,:n iul:I for Tropical Dis:ases, Bangkok, are now 

being o:llete~d. Enrichmn of P. ',a'x infected RBCs was 

ac ieved by using tEC---2h-P.r. I! method described recently 

(Tharrvitnij "t al., Southeast A::iun J. Trop. Maed. Hyg., 18:39­

43). Thick smears on clan glas; slides were made from these 

eorice,rrated parasites, quickly dried in air, kept. for a day at 

room temperature, placed in a sealed plastic envelop together 

witL silica gel and stored at -70 0 C until used. 

Cunclu ;iux 

Reaw'tivities of a panel of 58 monoclonal antibodies with 

,nf different E_ jylZa isolates obtained from oatients from 42 

provinces in '[hail id including one isolate from Burma 

revelaed a hign lev,: of ntn igenin: Jiversity of this parasite. 

About 14 monoclonal antild is: r"4cted with epi topes that were 

represented in more than 0.Z of t;he parasite isolates, and 

t. herefore , appeared to be reol at.ivel]y conserved among different 

i.;, inte". Most of the strain popecific determinants identified in 

this work er" associated with the mero:'oites or their surface. 

it will b" of int erest to ascertain the function of these 

ant igens in prot'-tive immunity. The remaining monoclonal 

ant iodit:; reacted with only 30% to .- lJ% of parasite isolates. 

A given I'A patkt rn,; .:00ld not be reolated to a given 

geog raphical r igin of the pa :a sit K However it seems that 

nt igun.i.c of E, v a; ,iveraityo :1 ocur in some area in 
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Thailand. However, a bettnr information of the relationship 

between the nntigenic differe nce and the geogt<raphic distribution 

of .some of these sperificities nnjong the L. 'E,_'LIM.isolates is 

now be in g invcest igated. The anti gun from relIapse casesa of R. 

j'y.,' are now being collected for further investigation whether 

there is any an t ig"r]Ac dispur ity between para si tes causing 

iitial ci IA&1 s n cnus irg recrudescence.icOyM1 d these 
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