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A panel of 30 monoclonal antibodies was established against asexual erythrocytic stages of Plasmodium vivax
and used to investigate the antigenic composition of the parasite. At least 38 different antigenic polypeptides of
P. vivax were characterized by the Western blot technique. The possible location of these antigens, as well as
their stage and species specificity, was determined on the basis of the staining patterns produced by these
antibodies on air-dried parasites in the indirect immunofluorescence test. Immunofluorescence performed with
30 different monoclonal antibodies on 50 different isolates of P. vivax obtained from patients showed that a high
level of antigenic polymorphism prevailed in P. vivax. Only six monoclonal antibodies reacted with epitopes
that were represented in more than 80% of parasite isolates, and therefore, appeared to be relatively conserved
among different isolates. The other 24 monoclonal antibodies reacted with only 20 to 70% of parasite isolates.

As more knowledge on malarial antigens is acquired, there
is increasing evidence highlighting the importance of anti-
genic polymorphism in plasmodia. Antigenic variation,
which has been shown to occur on the surface of infected
erythrocytes in several Plasmodium species, P. knowlesi (3),
P. falciparum (14), and P. fragile (9a), is only one of the
mechanisms which contributes to antigenic polymorphism.
Antigens can be naturally polymorphic, such as the S antigen
in P. falciparum, (30), the major schizont surface protein
Pf195 (20), the molecule thought to mediate cytoadherence
(18) or certain gamete surface antigens (7). Polymorphism
can also be artificially induced through splenectomy of the
host (14), prolonged parasite culture (28), or immune pres-
sure following vaccination (5). Antigenic polymorphism may
hinder the development of an effective vaccine against
malaria, since vaccine-induced protection will have to be
effective against a wide spectrum of parasite populations.

Although P. vivax is one of the major pathogens respon-
sible for malaria in humans, antigens of this parasite have
only begun to be explored. The ‘major sporozoite surface
antigen (CSP) has been cloned (2, 21), and two gamete
surface antigens that are involved in transmission blocking
immunity have been defined through the use of monoclonal
antibodies (MAbs) (21a). Preliminary characterization of a
limited number of antigens of the asexual stages of the
parasite has also been obtained through immune screening of
a genomic P. vivax DNA library (5a). This relative scarcity
of experimental results is partly due to the inability to
maintain P. vivax in long-term in vitro cultures. The only
source of parasites is provided by infected blood from
humans or primates.

We isolated a panel of 30 MAbs directed against the
asexual erythrocytic stages of P. vivax. This allowed us to
begin investigations on the antigenic composition of this para-
site and to explore the degree of polymorphism that pre
vailed in a series of 50 isolates obtained from infected patients.
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MATERIALS AND METHODS

Parasites. P. vivax asexual-stage parasites were obtained
from acutely infected individuals that were admitted to the
General Hospital, Colombo, Sri Lanka. The patients had
synchronous infections of at least 0.15% parasitemia with
predominantly early or late schizonts in the blood. Following
voluntary, informed consent, up to 20 ml of blood was drawn
into sterile heparinized (10 U/ml of blood) tubes and was
passed through a column of prewetted CFy; cellulose powder
(Whatman Ltd., Maidstone, United Kingdom) to remove
leukocytes (13). The effluent from the cellulose column was
centrifuged at 500 X g for 10 min and washed twice in RPMI
1640 medium (pH 7.3; (Flow Laboratories, Irvine, United
Kingdom), and a 20% suspension of the washed cells was
made in the same medium. Erythrocytes infected with late
asexual developmental stages (trophozoites and schizonts)
were separated by a single-step density gradient as described
previously (16).

Extracellular female gametes of P. vivax were prepared
from gametocyte-infected blood obtained from infected pa-
tients by previously described methods (23).

P. falciparum was also isolated from infected patients.
Infected blood containing ring-stage parasites were passed
through a column of CF;; cellulose powder to remove
leukocytes, suspended at a 10% hematocrit, and cultured in
vitro by the method described by Trager and Jensen (27).
Parasites were harvested at the stage of mature schizonts on
a single-step density gradient (24).

Three strains of P. cynomolgi, the Gombak, Ceylonensis,
and London strains, were each inoculated into a splenecto-
mized toque monkey - (Macaca sinica), which is the natnral
host of P. cynomolgi in Sri Lanka. When parasitemia’ in
infected animals reached 5 to 10%, schizont-infected blcod
was obtained by venipuncture and parasitized erythrocytes
were separated on a density gradient as described above for
P. vivax.
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Production of MAbs. A 6-week-old female BALB/c mouse
was immunized with three doses of purified parasite prepa-
rations, each of which consisted of 107 parasites, mainly
containing schizonts with a few late trophozoites. The first
immunizing dose was combined with approximately 10%
killed organisms of Bordetella pertussis as an adjuvant.
Immunizations were performed 4 weeks apart; the first two
were administered intraperitoneally and the last was admin-
istered intravenously. Three days after the last immunizing
dose, spleen cells were fused with the P3-X63-Ag8.653
(P;U;) myeloma cell line at a ratio of 10:1, by the method
described by Galfre et al. (6) with modifications, by using
50% (wt/vol) polyethylene glycol (molecular weight, 1,450;
Sigma Chemical Co., St. Louis, Mo.). At 10 to 14 days after
the fusion, hybridoma clones producing antibodies to
plasmodia were screened on air-dried parasites by the indi-
rect immunofluorescence test (IFT). Selected hybrids were
cloned twice by limiting dilution on thymocyte feeder layers.
Spent medium from in vitro-grown cloned cultures, antibody
precipitated from spent medium with 45% ammonium sul-
fate, and ascites fluids from pristane-primed BALB/c mice
bearing the hybridomas were used as sources of MAbs.
Isotypes of immunoglobulins secreted by the hybridomas
were characterized by Ouchterlony double diffusion (15).
This was done by using culture supernatants concentrated
by ultrafiltration (stirred ultrafiltration cell; model 8010;
Amicon Corp., Lexington, Mass.) reacted against affinity-
purified immunoglobulin subclass-specific mouse antisera
(Miles Laboratories, Inc., Elkhart, Ind.).

IFT. The IFT was performed by using air-dried parasites
as antigen by the method described by Voller and O’Neill
(29). Smears of purified parasites (trophozoites and schiz-
onts or female gametes) were made on 12-well multispot
microscope slides, air dried, and stored at —70°C with
dessicant. Antigen smears were thawed, and each well was
treated with 10 ul of antibody and incubated for 45 min at
room temperature in a humid chamber. Slides were washed
with phosphate-buffered saline (pH 7.2) for 15 min, stained
for an additional 45 min with a 1:20 dilution of fluorescein-
conjugated goat anti-mouse immunoglobulins (immunoglob-
ulin A [IgA], IgG, and IgM, heavy and light chain specific
[Cappel Laboratories, Cochranville, Pa.]), and washed for
15 min in phosphate-buffered saline. The slides were
mounted in phosphate-buffered saline and examined at
%x1,250 with a fluorescent microscope (Diaplan; Leitz/Opto-
Metric Div. of E. Leitz Inc., Rockleigh, N.J.). IFT was also
performed by using live, unfixed extracellular gametes by a
method described previously (14).

Western blotting. Purified asexual blood stages of P. vivax
were extracted in sodium dodecyl sulfate sample buffer
either with or without 5% 2-mercaptoethanol (Bio-Rad Lab-
oratories, Richmond, Calif.) as a reducing reagent. The
proteins were electrophoretically separated on 5 to 15%
sodium dodecyl sulfate-polyacrylamide gradient gels (17)
and were electroeluted onto nitrocellulose paper (Bio-Rad
Laboratories (26). Strips of nitrocellulose paper containing
parasite proteins were blocked by incubation in Tris-
buffered saline (pH 8.0) containing 5% non-fat milk powder
(milk buffer), followed by incubation with spent hybridoma
supernatants for 4 to 5 h at room temperature. After the
strips were washed with milk buffer, they were incubated for
2 h with a 1:200 dilution of peroxidase-conjugated rabbit
anti-mouse immunoglobulins (Byosis, Compiegne, France),
washed, and reacted with a color development reagent
containing 4-chloro-1-naphthol (Bio-Rad Laboratories) to
expose the sites of antigen-antibody reaction.
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RESULTS

A panel of 30 MAbs which reacted with asexual erythro-
cytic stages of P. vivax by IFT and Western blots were used
to characterize at least 38 different antigenic polypeptides of
this parasite stage. The characteristics of these MAbs and
the antigens with which they reacted are presented in Table 1.

Patterns of immunofluorescence. The MAbs were classified
according to six distinct patterns observed by IFT by using
air-dried asexual erthrocytic-stage parasites as antigen (Ta-
ble 1). These characteristic IFT patterns are indicative of the
possible location of the reactive antigen(s) either on the
parasite or on or in the infected erythrocyte.

The immunofluorescent pattern designated type I ap-
peared as fine dots distributed evenly over the entire infected
erythrocyte, giving it a finely speckled appearance (Fig. 1I).
These antigens could be located on or in the infected
erythrocyte membrane or in the erythrocyte cytoplasm.

The type II staining pattern (Fig. 1II), which was exclu-
sively given by a group of eight other MAbs, consisted of
coarse dots superimposed on a fine speckled background
over the entire infected erythrocyte; the coarse dots may
represent aggregations of antigens seen in type I (Fig. 1I).
This could be a derivative of type I because some MAbs
produce either a type I or a type II staining pattern,
depending on the isolate. Fluorescent staining of types I and
II was not confined to the area over the parasite but was
spread evenly on the entire infected erythrocyte.

Three MAbs grouped under type III yielded a coarse,
irregularly fragmented pattern (Fig. 1III) or compact, uni-
form staining of the parasite, presumably depending on the
stage of development of the parasite. The former pattern
occurred with ameoboid trophozoites and the latter occurred
with more compact parasites. These appeared to be associ-
ated with the parasite either on the parasite surface mem-
brane or in the parasitophorous vacuole.

Seven MAbs produced a low-intensity, generalized stain-
ing (type IV) of the parasite (Fig. 11V) that was presumably
associated with the parasite surface. An intense staining
around the perimeter of individual merozoites within devel-
oping schizonts was revealed by three type V MAbs (Fig.
1V). MAbs yielding type V also frequently gave the type IV
staining pattern, presumably depending on the developmen-
tal stage of individual parasites; i.e., the type IV pattern
represented parasites of the earlier stages of development
and the type V pattern represented segmented parasites.

The type VI staining pattern (Fig. 1VI), which was pro-
duced by a single MAb, was one of distinctly demarcated pin
head-like dots, numbering 4 to 18 per infected erythrocyte.
This is evocative of the staining pattern that is associated in
P. falciparum with rhoptry antigens (12, 25).

These MAbs were further distinguished by the stage
specificity of the IFT reaction, which was confirmed by
using parasites of different developmental stages of the
intraerythrocytic cycle. Of the 30 MAbs, 11 reacted with all
asexual stages (early and late trophozoites and schizonts),
while the rest were directed specifically against more mature
parasites (late trophozoites and schizonts; Table 1). Ring-
stage parasites were not included in this investigation be-
cause of the difficulty of purifying this parasite stage on a
density gradient.

Stage and species cross-reactivity. The cross-reactivity of
these MAbs with sexual stages of P. vivax was investigated
by IFT by using air-dried female gametes as the antigen. Six
of these antiasexual-stage MAbs were found to also react
with gametes (Table 1).
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TABLE 1. Characteristics of P. vivax asexual erythrocytic stage MAbs

Cross-reactivity®

Isolate
MAb Isotype IFT pattern® P. falciparum specificity M, (10%)
P. vivax gametes and P. cynomolgi (%)*b
AES®
A5? 1gG2b I - & 84 47, 92, 110, 200
A44 IgG2b 1 = = 80 112
A28 1gG3 1 = — 54 90
A3 IgG1 1 = = 36 40¢
A9 1gG1 I - - 16 54, 67, 75
Al4 IgM 1 — — 34 41
A23 IgM | = = 28 40°¢
A6? IgG1 II - - 56 74
Al13¢ IgM II — — 20 43¢
A204 IgG1 II = = 90 54, 64,72, 86
Al0 1gG1 II - - 20 42
Al5 IgG1 11 — - 36 14, 29
A25 IgM 11 = = 26 28
A32 IsgM I - - 20 40¢
A34 IgG1 II - = 44 40
Al2¢ 1gG2a 111 + & 98 23, 57
A184 IgM III + = 68 22, 44, 68, 74, 190
A197 IgG1 III = = 66 26, 55, 68, 82
Al6? IgG1 v - - 26 28
A2 IgM v = o= 26
A22 IgM v = — 24 14, 27
A24 IgM v = - 48 14, 26, 200, 225
A27 1gG2a v — — 24
A30 1gG1 v + — 22 160, 200
A3l IgM v + = 26 160, 200
A33 IgM v — - 34 28
A214 IgG1 v,V £ % 100 30, 62, 97
A8 IgG1 v,V + +& 94 30, 40, 57
Al7 1gG2a v,V + = 66 26, 74, 200
A7 IgG1 VI - - 62 27

¢ Air-dried parasites were used in all instances, except where indicated (f).
® Percentage of positively reactive parasite isolates of 50 tested.
¢ P. falciparum and P. cynomolgi asexual erythrocytic stages (AES).

¢ Antibodies reacted with all developmental stages (early and late trophozoites and schizonts). The others reacted with only late trophozoites and schizonts.
¢ Antigens extracted under nonreducing conditions; there was no reactivity with the reduced antigen.

f Antibodies also reacted with the surface of extracellular female gametes.
¢ Antibody cross-reacted only with P. cynomolgi.

Two of these MAbs produced a positive immunofluoresc-
ent staining of live, unfixed gametes, indicating that the
antigens with which they reacted are located on the surface
of extracellular gametes. Enriched gamete preparations with
few contaminating asexual stages were used for the IFT.
MAbs that cross-reacted with gametes positively stained
nearly all gametes in the sample.

The reactivity of these anti-P. vivax MAbs with asexual
blood stages of two other plasmodial species, P. falciparum
and P. cynomolgi, was tested by IFT by using air-dried
schizonts as the antigen. Of the 30 MAbs, 1 (A21) reacted
with both P. falciparum and P. cynomolgi and 1 (A8) reacted
with P. cynomolgi only (Table 1).

Antigenic poiymorphism. To evaluate the extent of anti-
genic polymorphism of P. vivax, we screened by IFT 50
different parasite isolates obtained from patients using the
panel of 30 MAbs. The origin of these 50 isolates was traced
to 16 of the 24 different geographical districts of Sri Lanka.
They were also tested with the Belem strain of P. vivax,

which is a strain from Brazil that was raised in squirrel
monkeys and that was kindly provided by J. Gysin. Positive
reactivities of these MAbs with an isolate were scored (+ to
++++), depending on the intensity of the fluorescence; and
in each case the proportion of parasites giving a positive
reaction was noted.

The following steps were taken to ensure the validity of
these results. (i) A single batch of all MAbs (culture super-
natants) was used for the entire investigation. (ii) At least
three different isolates were processed for the IFT and
assayed simultaneously. (iii) The assay was standardized
from one batch of isolates to another by including a previ-
ously tested isolate in each batch.

The results of these investigations are presented in Table
2. Six MAbs (A21, Al12, A8, A20, A5, A4) were found to
react with more than 80% of the parasite isolates, but the
reactivity of the rest was found to be highly variable in that
the MAbs reacted with only 20 to 70% of the isolates tested.
It was found that when an antibody reacted with a given
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FIG. 1. Six different indirect immunofluorescent test staining patterns produced by the MAbs on air-dried asexual erythrocytic-stage
parasites of P. vivax. Panels I to VI represent staining pattern types I to VI, respectively, as described in the text. Magnification, x1,700.
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TABLE 2. Indirect immunofluorescence reactivity of the panel of 30 anti-P. vivax MAbs with 50 different parasite isolates

Reactivity of the following MAbs

Isolate®

A21 Al2 A8 A20 AS A4 Al8 Al7 Al9 A7 A6 A28 A24
Al + + + - - - + + + - - + -
A2 +4++ +++ + +++  +++ +++ +++ - + - - + -
A3 ++ ++ - ++ + + ++ - - - + - -
A4 ++ +++ ++ ++ + ++ +++ + + + ++ + +
A5 ++ +++ ++ +++ +++ +++ +++ + - - +++ o+ +
A6 + + + ++ + + - - - - - + -
A7 ++ + + + +++ o+ + + + + - ++ +
A8 + ++ + + + - - + ++ - - - +
A9 + + + + ++ - + ++ + - + - -
Al0 + - + ++ + + + - + + - + +
All ++ ++ +4++  +++ 4+ ++ - +++ ++ 4+ + - -
Al2 + ++ ++ + - + + ++ + - + +++ o+
Al3 + + - + - - - - - + - - +
Pol ++ +++ ++ ++ ++ - +++ + + + + ++ -
Po2 + + + + ++ ++ + + - - - + -
Po3 +++ +++ +++  +++ 4+ + + + + +++ + - -
Po4 +++ ++ ++ ++ + + - ++ + + + - -
Po5 + ++ + ++ + + + + + - + + -
Kul +++ i ++ F: + + ND? ++ + + - + -
Ku2 ++++ e+t A+ 4 + + ++++ A+t - ++ + - -
Ku3 + ++ ++ - + + - - ++ o+ + - -
Mal +++ +++ + +++ o+ + +++ + ++ o+ + +++ +
Ma2 + + + + + + + - + + + + +
T ++ ++ + +++ +++ 4+ ++ ++ - - + - -
Mol +++ ++ ++ - + 1 + ++ + + + + +
Mo2 + ++ ++ + ++ + - - + + + - -
Mo3 +++ ++ + - + - + ++ + + + — +++
Mo4 + + + +++ o+ + - + + + - ++ +
Mo5 ++ ++ +++ o+ ++ ++ ++ ++ + + + ++ -
Mob6 +++ ++ +++  ++ ++ ++ ++ ++ - + - + +
Mo7 + ++ + ++ ++ ++ - - - - - ++ -
C1 + + + + + + + - - + + + +
C2 +++ + ++ ++ + + ++ +++ ++ o+ - + +
C3 ++ + + + - - + + + - - - ND
C4 +++ ++ ++ ++ + + - - + + - - -
B ++ ++ ++ ++ +++ 4+ +++ +4++ - + ++ - -
Bal + ++ - ++ +++ O+ - - s - + + =
Ba2 ++ + + - - - + - - - - - -
Ka ++ +++ + +++  + + ++ + - + + + -
Pul +++ + +++ +++ ++ ++++ 4+ ++++  + ++++ + + +++
Pu2 +++ + +++ ++ ++ + - +++ + ++ + - +
Pu3 + + + + + + — o= = + + = +
Pu4 ++ + + + - - + +++ - - + + 44
Pu$ + + + + - + + + ++ - - - +
R +++ +++ ++ + + + ++ ++ + ++ - - +
K + + ++ +++  +++ ++ + + - ND - + -
M +++ + ++ ++ + + ++ ++ ++ 4+ + + =
G +++ ++ +++  +++ o+ ot - - ++ 4+ - - -
H1 + ++ + ++ ++ ++ - - + + - - +
H2 +++ ++ ++ ++ - - + - + - - + +
FG® + ++ + +++ + + + + - - - - +

parasite isolate, it generally reacted with 80% or more of the DISCUSSION

parasites in that particular isolate.

In addition to culture supernatants, several MAbs were
tested as ascites fluid at various dilutions with a series of
parasite isolates. When a culture supernatant of an antibody
reacted with an isolate, the ascites fluid of that MAb also
reacted with that isolate up to a dilution of 1:100,000. When
a MAD as culture supernatant did not react with an isolate, it
failed to react even as ascites fluid at a dilution of 1:2.

MADs were classified into six groups according to the type
of staining obtained by immunofluorescence. A comparison
of our results with the staining patterns obtained previously
with MADbs directed against defined antigens of P. falci-
parum led us to formulate several assumptions on the
location of these antigens in the parasitized erythrocyte. The
fluorescence image produced by MAbs group V1is evocative
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TABLE 2—Continued

A34 A3 Al5 A33 Al4 A23 Al6 A31 A2 A25 A22 A27 A30 Al3 A32 Al0 A9
ND - = = - = = - — — — — - - - - -
ND - - + + = = = = = = - = — — - +t
+ + + + + + + + + + + + + + + + +
+ - % + + = = - + it — = - = — + -
+ + + - = + + ++ + + + - + + + + -
= = + — = — - ~ + - + — -~ — - - -
+ = - + - - - - - - - - - - + = F
= — + - + = - = - — ~ - - - - - ND
+ + = = + + + = — = - = - — - = —
ND - - + - - + = - - + + ++ + - + -
+ = = + = = = = — - - - — — - =
+ + - - - - + + = = = = = = = =
+ =+ — + — — = = = - - - - - = =
= = + = = + - - + — — - - - - -
+ + + - = ND - & = + + = + - — -
+ + + + + + + - + - - + = = + =
ik = + — + — + - — = = + = - + - -
ND ++ + = + + ++ At + + et ++ — + # =
+ = = + + - - + + + + = + + - -
ND - — + = ~ ++ - s - - - - - - =
+ + # + + =+ = ++ + + + + + - + - ND
+ — - - + - - - - + - - - - - + +
— —-— a— p— p— — f— p— + — —_ —_ —_ _ _ —_—
—_— + - = —_ — — p— —_— — — p— — _ —_— — —_—
*+ ++ + + +++ - - + - + - = = = = * —
= + + — +F - = = - + - - + - - - -
+ + = = - = ~ = + = - — ~ - — — —
. + + + + - + - + = = + + + + - +
= — - — o = - - = - - + - - = = +
+ + = + - = - - - — - - - = - -
+ + + - + + — + = = + + + — + — —
ND + ++ + + + + + + +++ = = ++ + ++ + +
+ = - = — - — — + - - - - - - = +
- - = = + = = + = = - + — - - = +
- — - - - - + - + = = + - + - = —
= — — = — + - - - > + - - + = + =
+ = = = = + — — — — + — - - - - -
—_ - + —_ —_— - —_— — - - -_— —_— — - — —_ -
+ — — + — + + + - - - g + + = =
= + + = ++ - - — — = = - - - - -
e s — — i + — — — — — —_— — —_— —_ p—
— — c— - — + - — — s p— — —_— — —_ —_ p—
= + + = + — + - - + - - + - - = =

¢ Letter before an isolate number indicate a single geographical district of Sri Lanka. Isolates were obtained from 16 such districts.

5 ND, Not determined.
¢ Belem strain of P. vivax from Brazil raised in squirrel monkeys.

of the staining of rhoptries. The grapelike type of fluores-
cence obtained with one of the MAbs, along with the
molecular weight range of the corresponding antigens, sug-
gests that these may be the equivalent in P. vivax of the
major schizont and merozoite antigen Pf195 and of its
degradation or processing products (11). More specific to P.
vivax is the striking staining pattern of the erythrocyte
cytoplasm observed with several MAbs (groups I and II); it
may indeed be related to Schuffner’s dots and reflect the high
level of metabolic activity which appears to take place in the

cytoplasm of the P. vivax-infected erythrocyte, as is evident
from results of ultrastructural studies (1).

The sharing of some antigens between the asexual eryth-
rocytic and sexual stages is suggested by the cross-reactivity
of six MAbs with gametes. Two MAbs, (A17 and A12, one of
which reacted with a major parasite polypeptide of 200
kilodaltons on the schizont and merozoite surface and the
other which recognized two asexual-stage antigens of 23 and
57 kilodaltons and which appeared to also be located on the
parasite surface) cross-reacted by IFT with live, unfixed
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extracellular gametes. They also reacted with antigens of
gamete origin with corresponding molecular weights on
Western blots (data not shown), indicating that these anti-
gens may be located on the gamete surface as well. The
sharing of some antigens between these stages of the life
cycle of the malaria parasite may be expected, considering
that gametocytes and asexual erythrocytic stages occur
almost concurrently in human hosts and share a common
intraerythrocytic location. Even though anti-plasmodial im-
munity is considered to be broadly stage specific (4, 8, 10,
22), the finding on the parasite surface of major antigens
which are shared between two different life cycle stages
might justify further exploration of the possible functional
significance of these antigens.

Immunofluorescence performed with 30 different MAbs
on 50 different isolates of P. vivax obtained from patients
revealed the existence of a high level of antigenic polymor-
phism. Only six MAbs reacted with epitopes that were
represented in more than 80% of parasite isolates. Most
isolates were tested several times, in each experiment lead-
ing to an identical pattern of reactivity with the battery of
MAbs. Several observations indicate that our results were
indeed related to antigenic polymorphism and not to differ-
ences in the developmental stages of parasites in different
preparations. (i) Only schizont-containing parasite prepara-
tions were retained in this study. (ii) Differences in reactivity
patterns were observed with many non-stage-specific MAbs,
and thus, they could not be merely linked to the absence of
a given stage in certain parasite isolates. (iii) The observation
that with all isolates there were always some of the schizont-
specific MAbs that gave a positive reaction confirmed that
the negative reaction of other schizont-specific MAbs could
not be explained by insufficient parasite development.

It is possible that a number of MAbs directed against the
most highly polymorphic antigens may have been discarded
at the screening stage, because screening was performed
with isolates that were different from those used to immunize
the mice. This problem is inherent to the use of parasites
obtained from humans, as each patient represents a different
parasite isolate or strain, as relatively few parasites can be
obtained from a single patient, and as these parasites can
neither be cryopreserved nor cultured. The degree of anti-
genic polymorphism evident from this study is possibly,
therefore, an underestimation. The use of immunofluores-
cence as an indicator of reactivity could have also led to an
underestimation of the degree of polymorphism. Indeed,
preliminary data obtained by immunoblotting demonstrate
the existence of certain antigens for a different type of
polymorphism, size polymorphism, which cannot be as-
sessed by immunofluorescence.

A given pattern of reactivity could not be linked to a given
geographical origin of the parasite. The P. vivax parasites
used in this study were obtained from patients admitted to
the General Hospital in Colombo. Malaria transmission does
not occur in the Colombo area. Patients contracted the
disease in various other regions of the country. Although the
possibility of a relapse could not be excluded, in most cases
the origin of infection was related to a recent stay in a region
where transmission occurred. This allowed us to map the
distribution of the different isolates. Comparable levels of
heterogeneity were observed whether the compared isolates
originated from the same or distant regions. The panel of
MADbs used in this study was also used to examine a
Brazilian strain of P. vivax that was adapted to the squirrel
monkey (Saimiri sciureus). MAbs that reacted with the most
conserved epitopes of the Sri Lankan parasites also reacted
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with the Brazilian parasites; and although many MAbs did
not react with the Brazilian strain, some that did not react
with certain Sri Lankan isolates did react with the Brazilian
strain. This indicates that patterns of antigenic polymor-
phism do not reflect the geographical origin of the parasite
isolates (19), as is the case with P. falciparum.

One MAD cross-reacted with asexual erythrocytic stages
of two other plasmodial species, P. falciparum and P.
cynomolgi, and another cross-reacted with P. cynomolgi
only. The epitopes with which these MAbs reacted appeared
to be highly conserved even among species, and it is
noteworthy that these were among the epitopes that were
found to be highly conserved among different P. vivax
isolates.

So far, several indications may lead to the impression that
P. vivax exhibits a lower level of plasticity of the genome
than does P. falciparum. For example, in regions where P.
falciparum and P. vivax coexist, under identical drug pres-
sure extensive drug resistance has occurred with P.
falciparum, whereas P. vivax has remained fully sensitive.
However, the degree of antigenic polymorphism which we
have demonstrated in P. vivax is at least as high if not higher
than that seen in P. falciparum (9, 19). Antigenic polymor-
phism may reflect, in part, the ability of Plasmodium species
to adapt to an altered environment. A better knowledge of
the mechanisms underlying such an adaptation may provide
insights into the development of a vaccine, as well as to
other methods of control of the disease.
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