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Overall Objectives

w

To raise and characterize monoclional antitodies against blood
stages of P. vivax

To determine whether there 1s eantigenic diversity among
different struins of P viyax

To inwveotigate whother Jdistribution of different antigenic
tyoes is related to their geographical 1rcations

Ty demonstrate whether bhe strain recrudescent after anti-

malaria Jdrus therapy 5 the same or difforent from those

causing initial eclinical symptoms



Plans of work

1)

2)

5)

Production of monoclonal antibodies against P. yivax
Characterization of monoclonal antibodies against P. vivax
2.1 IFA
2.2 SDS-PAGE and Wastern blot analysis
Preliminary scrwening of monoclonal antibodies and select them
for establishment of a psnel of monoclonal antibodies for
strain spacificitias
Typing ot P. vivyax 1isolates wusing several monoclonal
antiobndies and
demonstrate their antigenic diversity
4.1 Isolates from patients admitted to the Hospital for
Tropical Diseasaes
4.2 Isolates from P, vivux cases from malaria endenic
arens in Thailand
Demonstration whother there is any antigenic disparity between
parasites causing initial clinical symptoms and those causing

recrudescence



Scientific Progress

Following progress has been made

w

Tn explore the degree of polymorphism that prevailed in a
series of P. vivuax isolates obtained from infected patients.
Calculation the frequencies of several parasite antigens in
the samples.

To examins the distribution of antigenic variation and
geographic distribution.

Collaction and prepuaration of P. yivex slides from vivax
malaria patients attending malaria clirics in endemic areas.
Preparatjon of I, vivax< antigens for immunofluorescent test
and Western blot analysis.

Collection of P. vivax antigens from relapse cases.



1. Demonstration of antigenic diversity in Plasmodium vivax

A panel of 58 monocleonal antibodies were used to
demonstrate considerable antigenic diversity in 300 primary
isolates of P, vivax collascted from 34 provinces around Thailand
including one lisoclate from Burma wusing an immunoflourescent

assay.

Blood smears were made from
1. P. vivax infected cells obtained from patients with
vivax malaria (PVOO1-PV300) admitted to the Hospital
for Tropical Diseases, Bangkok. These patients cauame
from ddifferent areas of malaria including
1.1 Chanthaburi province
1.2 Kanjanaburil province
1.3 Trat province
1.4 Tak province
1.5 Rajburi province
1.6 Chachoengsao province
1.7 Prachin Buri province
1.3 Chumporn provirce
1.3 Prachuap Khiri Khan province
1.10 Nakhorn Sawan province
1.11 Chon Bur: provinece
1.12 Surat Thani province
1.13 Nong Khai province
1.14 Han provinee

1,15 Phet Buri province



1.16 Rayong province

1.17 Phits nulok province

1.18 Samut Sakhon province

1.19 Nakhorn Ratchusims province
1.20 Nakhorn 51 Thammarat province
1.21 Burirum province

1.22 Hukhorn Nayok province

1.23 Uthai Thani province

1.24 Phetohabun province

1.25% Chiangral province

1.26 Ubonrajthunl province

1.27 Krabi province

1.28 Lop Buri province

1.22 Nurathiwat province

1.30 Kumphaeny; Phet province
1.31 Udon Thanl province

1.32 Utturadit province

1.33 Lamphun province

1.34 Hae Hong Son province

1.35 Burma

The blood from patients was washed 5 times with RPMI-
1640 without serum and the cell sediment resuspended in the same
medium, followed by smear on cluan glass slides, quickly dried in
air, kept for a day at room temperature, placed in a sealed
plastic wonvelops together with silica gel and stored at -70°C

nntil used.



Indirect immunofluorsscent assay (IJFA)

The 1indirect fluorescence using acetone-fixed infected
blood as antigen wus done according to the technique previously
described (Khusmith =& al., 1984, Asian Pacific J. Allerg.
Immunol., 2:91-98),

Smears were made from washed infected blood of patients
with P. vivax and stored at -70° C in swealed containers with
Silica gel until required. The I[FA was carried out at 37° C in
a humid chamber. After tixation in acetone (-207? C) each well
was  treated  with 10 ul of listed monoeclonal antibodies for 2
hours at 379 ¢, the slides were washed vigorously and reacled
fur-her for another hour with fluorescein isothiocyanate
conjugatoed goat anti-nouse IgG, A, M (Pasteur Institute, France).
After washing and drying the slides were mounted in 2a mounting
modium contnining 4.5% H propyl gallate in 0.2 M Tris in glycerol
and examined under a rlusrescent microscope.

The  percentages of parasites rescting with particular
monoclona! arntibodies weee estimated by sssessing the proportions
of malaria pigment <ranules (as ocbserved by normal transmitted
white light) which were assoclated with fluorescent parasites (as
obsorved by incident UV light). To exclude inter-observer error
one paergon read all the TFA slides. Positive reactivities of
these monocional  antibodies with an isolate were scored (+  to
ttrr) daponding on the intensity of the fluorescence, and 1in each
cagse the proportion of parasite giving a positive reaction was

noted.
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Steps taken to ensure the validity of results

1. A singleo batch of all monoclonal antibodies was used for the
entire 1nvestigabion.

2. At lsast 4 differcot isolatey were processed for the IFA  and
assayed simialtuienns ]y,

3. The wussuy was standurdized from one batch of isolates to

arnotier by including a previously tested isolate in each batch.

Reaction of primary lsoluates with monoclonal antivodies

The numbers and percontagos of isolatos which were
classified as having >5%04, <50% and those in which no parasites
were reactive against the 58 monoclonal antibodies are shown  in
Table 1. Far roasons of briefly, the reaction of each isolate to
each monoclonal antibudy is not presentoed.

The  results snown  in Table 1 demonstrated that the
populution of P, vivux in various refgions of Thailand is
antigenically hetoeragenous. All isolates reacted to some degree
with group IT and group III monoclonal antibodles McPV13, McPV20,
MePVY21l, MePVZ22, McPVZ3, HePV24, HcPY25, McPV26, MHcPV43, and
Hoervay . With wsteblished isolates, these monoclonal sntibodies
always gave  the some resnction and were thought to be directed
agalnsth t.he snme untidenlc determinant. For nonoclonal
antibodies MePV1, MePV2, ¢PV3 and YMePV27, 35-99% of the _solates
were oclasgified as containing »50%  fluorescent schizont  and
merozoitos. In the rresent study no isolate from s sample of 300
primary isolates were negative for all monoclonal antibodies.

The remaining monoclonal antibodies especially gioup I, V  and
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group VII was found to be highly variable in that the monoclonal

antibodies

In

antibodies

a sertes of

antibody
manaoc laonal

dildution

supernatant

reacted with only 30% to 90% of the isolates tested.
sddition %Yo culture gsupernutants, sevyoral monoclonal
Aere tosted as ascites fluid at various dilutions with

pAar s e igolates, When a culture supernacvant of an

rescted with an 1solate, the ascites fluid of that

antibodiy also reacted witin that isolate up to a
of  1:131072. When a monoclonual antibody as culture

a1d not react with an isolate, it falled to react

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

Table 1.

Primary 1isoaltes of P, vyivax reacting with 58

monoclonal antibodies

No. and (%) isolates classified

Honuelonal Totul = —ommmmr e e
Abtihodies examined 50% reactive «b0% reactive 0% reactive
Hebvil 300 235 (98.33) 5 (1.66); 0 (0)

Heb Vi 300 297 (399.00) 3 (1.0) 0 (9)
HePV3 300 2949 (99.68) 1 (0.33) 0 (0)
HePV4 300 1720 (49.00) 160 (53.33) 20 (6.68)
MePV5s 300 270 (490.00) 30 (10.00) 0 (0)

MeP Ve 300 90 (30.00) 100 (33.33) 110 (36.686)
Hob V7 300 274 (91.33) 26 (8.66) 0 (0)
McbVi 300 275 (J91.68) 25 (8.33) 0 (0)
HebVa 300 274 (91.33; 26 (8.86) 0 (0)
McPV10 300 99 (32.00) 19 (6.33) 182 (60.66)
HePV11 300 255 (35.00) 45 (15.00) 0 (0)
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Honoclonal

Total

isolates

classified

Abtibodies examined 50% reactive <50¥%  reactive 0% reactive
MoPV L2 300 156G (ou. 00 130 (43.337 20 (8.686)
MopPVlad 300 280 (33.53) 20 (B8.866) 0 (0)

MobP V14 300 165 (55.00) 100 (33.33) 35 (11.88)
HoePV15 300 255 (85.00) 45 (15.00) 0 (0)
HePV16 300 281 (93.66) 28 (9.66) 0 (0)
HePV L7 300 244 (81.33) 120 (40.00) 34 711.33)
MePVi1g 300 285 (90.00) 25 {2.33) 0 (0)
HePV19 74 74 (100) 0 (0) 0 (0)
Mopving 74 74 (190) 0 (0) 0 (0)
MebWia 74 74 (100) o0 (0) 0 (0)
Mcbvin 74 74 (100) 0 (0) 0 (0)

Hop Vel 74 74 (100) 0 (0) 0 (0)
McePV24 74 74 (100) 0 (0) 0 (0)
Mepvas 74 74 (100, 0 (0 0 (0)
MePV26 74 74 (100) 0 (0) 0 (0)
HebVa? 74 74 (85.394) 0 (0) 0 (0)
HePvas 74 53 (79.72) 15 (20.27) 0 (0)
HePV29 74 37 (50.00) 20 (27.07) 17 (22.897)
HePV3n 74 87 (90.54) 7 (9.49) 0 (0)
MebV3t 74 74 (100) 0 (0) 0 (0)
HoPY32 74 44 (53.45) 22 (29.72) 8 (10.81)
BN 74" 60 (81.08) 14 (18.381) 0 (0
HaPY34 74 B3 (85.13) 11 (14.86) 0 (0)
HebPV35 74 60 (81.08) 10 (13.51) 4 (5.40)
HePV3l6 74 87 (30.54) 7 (9.495) 0 (0)
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Ho. and (%) isolates classified

Monoclonal Total = mememm e e o m s s s e
Abtibodies e (amined 5% reactive <507 reactive 0% reactive
Heb V37 74 70 (9a.53) 4 (5.40) G (D)
HePV3d 74 30 ¢40.00) 34 (45.94) 10 (13.51)
MePV39 235 241 (84.56) 40 (14.03) 4 (1.40)
Hebvd4dn 289 149 (52.28) 20 (7.01 ) 116 (40.70)
HePVal 2895 210 (73.38) 89 (24.21) B (2.10)
Hebval 285 160 (58.14) 28 (9 BY) 37 (34.03)
Mebvas 288 172 (88.35) 38 (13.33) 75 (26.31)
HebPVdaa 2895 240 (84.21) 28 (8.82) 17 (5.96)
decPV45 285 198 (B9.47) 82 (28.77) 5 (1.735)
HebPVas 285 181 (63.50) 48 (15.84) 56 (19.64)
MebP Va7 285 191 (87.01) 45 (15.78) 49 (17.19)
Het V4 285 285 (100) 0 (D) 0 (0)
HePVag 285 285 (100) 0 (0) 0 (0)
MebV 50 285 190 (66.66) 46 (186.14) 49 (17.19)
HeP Vot 285 171 (60.00) B4 (22.495) 50 (17.54)
MebV52 285 258 (80.52) 42 (14.73) 0 (0)
MoV 2835 186 (65.26) 49 (17.19) 40 (14.03)
Mcebvo4 74 BG (80.00) 8 (10.81) 0 {0)
MePYV55 300 122 (40.68) 49 (16.33) 129 (43.00)
HelPV OB 300 135 (47.38) 52 (17.33) 113 (37.66)
HePV5Y 300 201 (57.00) 68 (22.88) 31 (10.33)
MebPVoB 74 68 (31.89) 8 (8.10) 0 (0)
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2. Distribution c¢f blcod stage antigen in P, vyiyax isolates
tosted
The associatior tetwsen the reaction of mornoclonal

antibodies on different isolates

that these monoclonal antibodies reacted 1s

of P. vivax and

shown

the molecules

in Table 2.

Table 2. Distribrtion of blood stage antigens in P.  vivax

isolatos tested

- No. of positive

McAb® Mr (103) isolates (%)
McPV1 50, 85 295 (55.33)b
MePv2 30, 85 287 (99.00)P
MePVs 30 299 (39.86)P
McPV4 100 120 (40.00)P
McPVS 30 270 (390.00)P
Heb Y8 100 40 (30.00)°
MaPy7 30 274 (91.33)P
MebvVe 30 275 (91.86)P
HeP VY 30 274 (91.33)P
McPV L0 »200 99 (33.00)P
MePVil 36,39,85,95,115 255 (85.00)P
Meby 12 100,135, >200 150 (50.00)P
MePV 1 30 280 (93.33)P
McPY14 135,200 1685 (55.00)P
HePV15 35,35 255 (85.00)P
0 monncloanal antibodies antic~dies
b 309 isolates were initially tested

izolates have schizont stages
isolates have Lrovaozoites and

oniy 74
snly 285

0
[ LI E Y |
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schizont stages


http:isolat.es

No. of positive

McAb® Mr (109) isolates (%)
McPV16 100, 135, >200 281 (93.66)P
MoPY 17 36,36, 200 244 (81.33)P
McPV18 >200 265 (90 0037
McPV1Y 67,75 74 (100)€
MePv2o 35,41 74 (100)°
McPV21 41,88,75,90 74 (100)¢
McPV22 110,200 74 (100)€
McPV23 200 74 (100)°¢
MaPV24 4,90,110,200 74 (100)¢
McPV25 200 74 (100)¢
McPV26 110 74 (100)°¢
McPyva 30,50 74 (85.94)¢
MePV2g 39 §9 (73.72)¢
MoPV23 95 37 (50.00)¢
McPV30 115 €7 (90.54)C
McPV31 30 74 (100)€¢
HcPV32 38 44 (59.45)°
McPY33 30,50,85 80 (81.08)>°¢
MoPV34 50,85 83 (85.13)¢
MaPV35 115,200 60 (81.08)°¢
McPV36 30,68,100 67 (90.54)¢
MePvV37 95 70 (84.59)¢

1 = monoclonal antioodies antibodies

b = 300 isolates were initialiy tested

¢ = only 74 izoiates have schizont stodges

d = only 285 igolates have trophozoites and schizont stages



No. of positive

HcAb® Hr (103) isolates (%)
HcPV38 100 30 (40.00)°€
HePV39 85,95 241 (84.56)9
McPV40 36 149 (52.28)d
McPV4 1 115 210 (73.88)4
MePV42 39 180 (58.14)9
McPv4 3 39 172 (80.35)d
McP Va4 85,95 240 (84.21)4
HoPV4S 115 198 (89.47)d
HcPV4B 85 181 (83.50)¢
McPya7? 85 191 (87.01)d
McPV48 30 285 (100)d
McPV49 30 285 (100)d
McPY50 85 190 (66.66)d
MePV5 1 85 171 (80.00)4
MePY52 36 258 (90.52)4
HoPV53 85 | 188 (85.26)d
McPV54 85 88 (90.00)C
McPY55 15,28 122 (40.86)P
HePYS6 28 135 (47.36)b
MePV57 200 201 (87.00)P
McPV58 30,41,68 68 (91.89)°
monozlonal antibodies antibodies
200 isolates uwere initially tested

only 74 isolates have schizont stages
only 285 isolates have trophozoites and schizont stages

[oga)
[T I Y

Qo
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3. Calculation the frequencies of several parasite antigens in

the samples

The datu are currently under analysis.

4. Distribution of antigenic variation aprd geographic

distribution

The fata are currently under analysis. QOur preliminary

results seem  to shosy that the antigenic diversity of P. vivax

oceurg even in u relative small area in Thuiland.

. Preparation of P. vivax antigens forv immunofluorescent test

tnrichmont of P, vivax infected RBCs was achievad by
using SEC-G-25-Perceil method described recently. The specimens
were either procecsed immediately or stored overnight at 4° C.

A one ol aliquot of heparinized whole blood was passed
through a column ane 2qual volume of  =zulfoethyl cellulose and
Sephadex  G-25 previously equiilibrated with phosphate buffer pH
7.5, The column wus then wagied with approximately 40 ml of  the
buffer nuntil the columr was free from RBCs. The eluate was
centrituged, the supernate removed and the c2ll sediment restored
o 50% hematocrsit.  The cell suspensicns trom several tubes were

pooled  and  tws ml easch was layered on  top of discontinuous

gradisnts  comprising  csucoeosive layers of two ml each of  75%,

50%,  50% and  40% ot Paronll in the same buffer. After
cantrifugation at 2,800 rpm ror 10 min at  20° C. Twn and
sometime  three bhands cere obtained. The flrst and second bands

wera localized in the layers of 50% andg 50% Percoll and the third

band in the interfa~e of S50% and 75% Percoll. The cells in the

14



first and second bands were pooled and cualled “upper band",
whereas the third band was called "lowar band”. The smears wers
made from the blcocud prior to passage through the column and after
Percoll gradient centrifugation, stuained with Giemsaa and the
result examined by light microscopy.

Ceells 1 the uypper and  lower consisted of both
trophozoites and ring stages with more mature trophozoites and a
relatively higher percentayge of trophozoites in the upper band.
Enrichment. of P, vivax infected red blood cells from the blood of

160 mularia patients wore summalized in Table 3.
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Table 3. Parasite vields afrer enrichment

Parasite count (x 10°)

Patient Upper band Lower band Total
Pv301-PV302 1.90 4.50 6.40
PYy30n3 ND ND 0.5u
Pv304-PV307 4.50 17.00 21.50
PV308-PV309 2.50 45.00 47.50
PY310-PY312 0.80 16.00 18.90
PV31Ly 1.80 £.2n 8.70
PY314-PY316 5.70 27.00 32.70
PY317-PV320 3.30 16.00 19.30
PY321-PY323 9.30 17.00 26.30
PvV324 4.90 5.90 10.80
PY325-PV308 1.50 4.860 8.10
pPY327-PV329 5.20 24.00 29.20
PY330 14.00 12.00 26.00
Pv331-PV332 3.80 37.00 40.60
PV333-PV337 8.50 61.00 89.50
PY334-PVY341 3.00 19.00 22.00
PV342-PV343 16.00 24.00 40.00
PV344-PV347 3.80 19.00 22.80
FYaan-P349 6.80 53.00 59.80
PY350-PV3H1 S 5 S

PY352-PV35Y 2.30 12.00 20.30

«Mast nt the parasites ara d=agenerated

5 = smear

L = lysis

ND = not done

™ = tube was broken during experiments



Parasite count (x iU,)

Patient Upper band Lower band Total
PV354-PV356 0.44 0.45 0.89
PV357-PV358 2.50 12.00 14.50
PV3549 21.00 3.40 27.40
Pvigu-pvae2 1.50 7.00 8.50
PY383-PV364 2.80 13.00 15.80
PY3HS-PY36E 2.80 17.00 18.60
PY3L7-PV358 S S S

PVasg S S S

PY370-PV371 S S S

Pv372 S S S

PY373 5 S S

PY374-pPV377 TB 17.00 17.00
pY378-PV380 2.50 18,090 20.50
PV3g1-pPv3s2 15.00 21.00 36.00
PY383-PV38S5 3.7¢ 9.80 13.60
PY386-rvi87 1.380 7.40 9.30
pPv388-PV389 3.80 35.00 38.80
PYV390-PY382 2.10 L 2.10
PY393-FV3934 4.00 4.30 8.30
«PY335 4.40 3.50 7.90
PV3a6-PV337 3.40 3.60 7.00

«Most of the parasites are degenerated

3 smear

L = lysis

ND = ant done

™ = tube wan broken during experiments



0. Lotlectuion ol U, vivux antigens fron relup:~:e cases

U, wivax infeected cells obtained from relapse cases
sdmitted to the Hosplital for Tropical Diseases, Bangkok, are now
being  collented, Enrichment  of U, vivax infected RBCs was
achlieved by uuing SEC-G-25-Percnll  metpod deseribed recently
(Thuravanij et al., Southeast Asinn J. Trop. Hed. Hyg ., 18:39-~
43 . Thiek smeurs en clenan glass slides were made from  these
conceatrated  parasites, quickly dried in air, kept for u day at

room temperature, placed in a sealed plastic envelop together

with silica gel and stored at -70°C until used.

Conclusion

Reactlivities of a panel of 58 monoclioanal antibodies with
aun difterent [, yilvax isolates obtained from oatients from 472
provinces in Thailand including onc isolate from Burma
revelaed  a hign level ol antigenic diversity of  this parasite.
About 14 monoclonal antitodies rescted with epitopes  that were
represaented in more than  95% of  the parasite isolates, and
thorafore, appenred to be relatively conserved among different
Laolares.  Most of the strain zpecific determinants identified in
this work were assceinted with the meroroites or their surface.
[t will be of interest to ascertain the funetion of these
antigens in protective immunity. The remaining monoclonal

antibodies rencted with only 30% to 90% of parasite isolates.

A given IFA patterns could not be related Lo a given
geovgraphical =rigin of the onraaitfo Huwever it seems that
antigenic  daiversity  of P. ovivax could sccur in some area 1in

N
o



Thailand. However, a better information o! the relationship
between the antigenic difference and the geographic distribution
of some of  these specificities amony the P, vivax 1solates  is
nod  being investigated. The antigens trom reluapse cases of P
vivas are now beinyg collected for further investigation whether
there 1a  any antigenic <dispurity betuesn paresites causing

initial clinical symproms 2nd these cnusing recrudescence.
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