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Plasmodium falciparum in
fection elicits both protective and 
nonprotective antibodies in the ma
laria experienced host. A high level 
of antimalaria antibodies produced 
by the host living in a malaria en
demic area has been shown to cor
relate with reduced clinical mani
festations but not with disease pro
tection. l ,2 These antibodies can be 
characterized by immunofluores
cence assay into 2 types i.e., eryth
rocyte membrane immunofluores
cence assay (EMIF) and indirect 
immunofluorescence assay (IFA) 
which recognise ring stage antigens 
(RESA) and mature stage antigens 
of the parasite, respectively. Anti
malaria antibodies against several 
major malaria antigens are shown to 
prevent merozoite invasion in in 
vitro studies, and thus tenninate 
parasite multiplication. M Some 
antimalaria antibodies interfere with 
adherence properties of the infected 
erythrocytes in the in vitro assay,6-8 
the effects which may facilitate 
parasite clearance in vivo. The anti
adherence antibodies are shown to 

SUMMARY Two types of antimalaria antibodies in the serum of 54 vil
lagers living in a malaria endemic area of Thailand were determined by 
indirect immunofluorescence assay in order to define the status of malaria 
immunity within the group. Antibodies to paraslte-clerlved antigens In the 
membrane of ring stage-infected erythrocytes were very high (~ 1:1,250) in 
44%, moderate to low (:5 1 :250) in 37% of the sera, and the rest did not 
have the antibody. However, all the sera had antibodies to antigens of the 
intraerythrocytic mature parasites, showing a very high level in 65%, and 
moderate to low levels in 37% of the sera. Sera with high antibody titers 
to either type of antigen significantly inhibited cytoadherence of P. 'a/cl". 
rum-infected erythrocytes. All the sera variably Inhibited rosette formation 
of the parasites but showed no association with the antibody titers. These 
results suggest that the antibodies to cytoadherence and rosette forma
tion can be elicited and sustained in the malaria experienced host while 
living in the endemic area. This may be a natural preventive mechanism 
against the severity of P. 'alclparum infection in the infected host. How 
long the antiparasite adherence activity will last remains to be investi
gated. 

have restricted activity to autolo
gous parasite strain due to a high 
diversity of the adherence mole
cules.9

,IO However, a number of ma
laria antibody positive adults may 
acquire cross reaction against the 
diversed adherence molecules, pro
vided they have been exposed regu
larly to malaria. We therefore inves
tigated the prevalence of antipara
site adherence activity in villagers 

living in a small district of malaria 
endemicity of Thailand. 
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MATERIALS AND METHODS 

Study population 

Blood samples were col
lected from 54 villagers between 15
55 years old living in a small dis
trict of Trad province on the eastern 
bm:der of Thailand. Thick blood 
films were examined by light micro
scopy for different plasmodia 
species, and the number of parasites 
per 200 leukocytes was then deter
mined. Sera were separated, heat
inactivated at 56°C and stored at 
-70°C until assay. Five normal sera 
obtained from healthy persons who 
had never had experience of malaria 
infection were used as control. 

P. falciparum culture and antigen 
preparations 

A Thai P. jalciparum iso
late having both cytoadherence 
property and rosette formation was 
maintained under in vitro culture 
conditions ll at 3TC, 5% C(h and 
air mixture, in human group 0 e
rythrocytes, using RPMI-1640 me
dium at pH 7.4 containing 40 Ilglml 
of gentamicin, supplemented with 
25 mM HEPES, and 10% heat-in
activated human serum. Synchro
nized culture was prepared by lysis 
in 5% sorbitol. 12 

Ring stage-infected erythro
cytes were used to prepare thin 
blood films for determination of 
antibody to ring-infected erythrocyte 
surface antigen.13 Infected erythro
cytes with mature stage parasite 
were used to prepare thin blood 
films for determination of antibody 
to late stage malaria antigen. Both 
types of blood films were prepared 
from phosphate-buffered saline 
(PBS)-washed infected erythrocytes, 
air dried, fixed with methanol, and 
stored at -20°C until used. 

Immunofluorescence assay 

An erythrocyte membrane 
immunofluorescence assay (EMIF)13 
using blood film of ring-stage para
sites, and a conventional immuno
fluorescence assay (IFA) using blood 
film of mature-stage parasites were 
performed by incubating each serum 
at 1:50 dilution on a demarcated 
area of the blood films for 30 min
utes at room temperature. After 
washing with PBS, goat antihuman 
immunoglobulin conjugated with 
fluorescein isothiocyanate was 
added onto each spot on the blood 
films for 30 minutes. Stained blood 
films were rinsed in PBS and the 
parasites were counterstained with 
ethidium bromide, mounted with 
50% glycerol, and examined under 
ultraviolet light microscope. All 
sera showing positive parasite 
staining were titrated to determine 
the titer of anti malaria antibodies in 
both EMIF and IFA. 

Target cells 

A C32 melanoma cell line 
was maintained at 37°C, 5% CO2 

and air mixture in RPMI-1640 me
dium supplemented with 10% heat
inactivated fetal calf serum and 40 
Ilglml gentamicin. To prepare for 
cytoadherence assay, 10' melanoma 
cells in 0.5 ml were cultured on 
sterile cover glasses for IS hours, 
rinsed and fixed with I % formalin 
in PBS for 1 hour, then stored in 
PBS under refrigeration until used 
for no longer than one month. 

Cytoadherence inhibition assay 

Cytoadherence assay was 
performed by incubating the for
malin-fixed C32 melanoma cells 
with I ml of I % mature stage 
infected erythrocytes under cell cul
ture conditions for 1 hour with a 

gentle agitation at every 15 minutes. 
Unbound erythrocytes were rinsed 
off with PBS and the erythrocytes 
bound on C32 melanoma cells were 
fixed with I % glutaraldehyde in 
PBS, washed with water, stained 
with Giemsa, and examined with a 
light microscope (x 1,000 magnifi
cation). 

Cytoadherence inhibition 
assay was performed by preincu
bating an equal volume of the pack 
erythrocytes from the parasite cul
tures and the malaria immune serum 
for 30 minutes at 37°C. The serum
treated erythrocytes were then re
suspended in 1 ml RPMI-1640 me
dium and cytoadherence with C32 
melanoma cells was performed as 
described above. The number of in
fected erythrocytes bound to 100 
melanoma cells was counted, and 
the percentage of inhibition was 
determined by comparing with the 
cytoadherence of the infected eryth
rocytes preincubated with normal 
human serum as control. 

Inhibition of rosette formation 

Ring stage parasites cul
tured at 3% parasitemia and 2% 
hematocrit was added into a 96-well 
flat-bottomed plate for 100 III per 
well. To enumerate the number .of 
rosettes, an infected erythrocyte 
binding to two or more uninfected 
erythrocytes, acridine orange was 
added into each well at a final con
centration of 10 Ilglml. t4 One drop 
of the culture from each well was 
then placed on a glass slide, mounted 
with a cover slip, and 500 infected 
erythrocytes were examined with an 
ultraviolet light microscope. To 
inhibit rosette formation, an equal 
volume of the sera was added in 
each well, mixed, and incubated 
under parasite culture conditions for 
24 hours. A pool of serum from 
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individuals who never had malaria 
was used as control. The number of 
rosettes was expressed as a per
centage of mature stage parasites. 
The percentage of rosette formation 
inhibition was then determined by 
comparing with the number of ro
settes in the control cultures. 

Statistical analysis 

To determine the correla
tion between each group, the statis
tical I-test was used. Significant 
difference between the group was 
analysed by SPSS and GUM soft
ware packages. Percentage inhibi
tion of cytoadherence and rosette 
formation in each group of EMIF 
and IF A were tested for homo
geneity by analysis of variance (F
test)withBartlett-BoxF and showed 
no homogeneity. The data were then 
transformed by inverse sine trans
formation (arcsin square root) in or
der to obtain homogeneity of the 
variances. This transformation is 
applicable to binomial data ex

· 15 Thpressed m percentages. e num
ber of parasites in each group of 
EMIF and IF A were compared by 
analysis of variance as above, and 
show no homogeneity. The data 

were therefore logarithmically trans
formed, which then equalised the 
variances for an appropriate analy
SIS. 

RESULTS 

Incidence of parasitemia and 
prevalence of antimalaria antibo
dies in Thai villagers 

Parasitemia was found in 
35 of 54 villagers ranging from 1 to 
500 parasites per 200 leukocytes. 
Blood films from 19 villagers 
showed negative parasitemia by the 
microscopic determination. Of the 
35 parasite positive villagers, 31 
had P. falciparum infection, 2 had 
P. vivax infection, and the other 2 
had mixed-infection with P. falci
parum and P. vivax. All villagers 
had lived in the malaria endemic 
area and had had a history of P. 
falciparum infection. 

Table 1 summarizes differ
ent types of malaria infection among 
villagers, and the number of vil
lagers having antimalaria antibodies 
to P. falciparum antigens. Normal 
sera tested at 1 :50 were negative on 
both EMIF and IF A. Lower dilution 

of these normal sera gave a low 
background .of red cell staining. All 
the sera were then studied at 1 in 50 
dilution. Forty-four of the 54 vil
lagers (81%) had antibody to the 
ring-infected erythrocyte surface 
antigen (RESA) of P. falciparum 
as determined by EMIF assay. 
Twenty of these villagers (37%) had 
low to moderate EMIF titer (::;; 
1 :250), and the other 24 villagers 
(44%) had high EMIF titer (1: 1,250 
to 1 :6,250). The rest of the villagers 
(19%) had no antibodies to RESA. 
On the other hand, all villagers had 
antimalaria antibodies to mature 
stage P. falciparum parasite as 
determined by IFA assay. High IFA 
titers (1: 1,250 to 1 :6,250) were 
shown in 35 of 54 (65%) villagers, 
and the rest (35%) had low to mod
erate IF A titer (~ 1 :250). Associa
tion between the prevalence of both 
antibody types within each villager 
was analysed. There was no cor
relation in the level of each antibody 
(r = 0.16, P = 0.26). The number of 
infected erythrocytes per 200 leuko
cytes and the level of EMIF or IF A 
titers was not correlated (r = -0.22, 
P = 0.12, and r = -0.20, P = 0.14, 
respectively). 

Table 1 Incidence of parasitemia and prevalence of anti malaria antibodies in the villagers 

Antlmalarla NLI11 ber of the villagers Infected v.4th 

antibody titers P. fa/clparom P. v/vax Colnfectlon Nonparasitem la 

EMIF ~ 1:1,250 14 1 1 8 
EMIF ~ 1:250 9 1 0 10 
EMIF negative 8 0 1 1 

IFA ~ 1:1,250 20 2 12 

IFA ~ 1:250 11 0 7 


EMF: antibodies to ring-infected erythrocyte surface antigen of P. falciparom 
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Fig. 1 Inhibition of (A) cytoadherence to C32 melanoma cells, and (8) 
rosette formation by sera of 54 villagers shown in relation to the 
titers of antibody to ring stage (EMIF titer), and to mature stages 
(IFA titer) of P. fa/ciparum. Each symbol (e) represents one indi
vidual. Median percentage of inhibition (-) is shown in each group. 
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l 
i 
I 
! Anti-parasite adhesion activity 
I 

These sera showed a wide 
range of inhibition on cytoadherence 
(Fig. 1 A) and rosette fonnation (Fig. 
IB) of the parasites. The median 
percentage (range) of cytoadherence 
inhibition in groups of high EMIF 
titer (n = 24), low to moderate titer 
(n = 20), and EMIF negative (n = 
10) were 47 (11, 70), 30 (8, 57), 
and 23 (I, 58), respectively. Median 
percentage (range) of cytoadherence 
inhibition in groups of high IF A 
titer (n = 35) and low to moderate 
IFA titer (n = 19) were 47 (16, 63) 
and 25 (I, 58), respectively. Where
as, the median percentage (range) of 
rosette fonnation inhibition in the 
group of high EMIF titer (n = 14), 
low to moderate titer (n = 16), and 
EMIF negative (n = 6) were 52 (6, 
85), 25 (1, 88), and 35 (11, 96), 
respectively. Those for high IF A 
titer (n = 23) and low to moderate 
IFA titer (n = 13) were 45 (6, 96) 
and 19 (1, 56), respectively. 

Inhibition of parasite ad
herence but not that of rosette for
mation corresponded with the levels 
of antibody titers. Analysis of vari
ance to test between the titers of 
EMIF positive sera and the levels of 
cytoadherence inhibition showed a 
significant association (p = 0.0249, 
Table 2). In contrary, these EMIF 
positive sera showed no significant 
inhibition (p = 0.9957, Table 2) of 
rosette formation. 

no significant effect (p = 0.5927, Recent work has shown that 
Table 2) in the inhibition of rosette plasma from malaria infected Afri
fonnation. can children can agglutinate the 

infected red cells from heterologous 
DISCUSSION African parasite isolates. 17 We 

therefore investigated the relevance 
Sera from Thai villagers of different antibodies that possibly 

having either acute P. falciparum or interfere with parasite adhesion 
P. vivax infection or no infection properties. The inhibitory effects of 
were studied for the levels of anti these Thai sera were investigated by 
malaria antibodies to both antigens in vitro assays with a Thai P. falci
of ring stage and mature stage P. parum strain. Both antibody types, 
falciparum. Using immunofluores to the ring stage membrane antigen 
cence assay technique, it showed such as RESA, and to the mature 
that all villagers with or without stage antigens, similarly inhibited 
acute infection had antibodies to cytoadherence of the parasites. The 
mature stage P. falciparum antigen, inhibitory activity of these antibo
indicating that all villagers had had dies related with the antimalaria 
experiences of P. falciparum infec titer. Involvement of RESA or other 
tion in the past. Only about 80% of ring stage antigen in adhesion of the 
these villagers had antibodies to the parasite has not been confinned. 
ring stage antigen, suggesting that However, sera of the P. falciparum
most of the villagers had recently experienced individuals have been 
been exposed to P. falciparum in reported previously to inhibit cyto
fection. 16 Previous history of the adherence of the parasites. 18 The 
villagers having acute P. vivax in efficiency of inhibition was as
fection showed that they also had sociated with the titers of the anti
had P. falciparum infection in the bodies to the ring stage membrane 
past. This verified the presence of antigen and to the mature stage 
antibodies to P. falciparum antigens parasites. Whether or not the effects 
in the P. vivax infected villagers. are due partly to the existence of the 
Cross reaction between the antigens antibodies to the same adhesion 
of both malaria species could not be molecule of the parasite remains to 
excluded. be investigated. That the inhibition 

Table 2 	 Analysis of variance between the levels of EMIF and IFA versus 
the inhibition of parasite adherence 

The same analysis was per
fonned and it was similarly ob
served that there was a strong 
association (p = 0.0003, Table 2) 
between the level of IF A titers and 
cytoadherence inhibition. The effect 

Variables F p-value Bartlett-Box F p-value 

EMIF group 
%CI 3.0627 0.0249 1.00:3 0.«>2 
%RI 0.0469 0.9957 0.158 0.900 

IFA group 
%CI 7.f:If:IXJ 0.0003 0.227 o.an 
%RI 0.6403 0.5927 0.801 0.493 

of IFA antibody on rosette forma
CI: cytoadherence inhibition, RI: rosette formation inhibition tion was lower than that observed 

by the EMIF antibody, and showed 
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levels never reached 100% may 
imply that i) the specific antibody to 
the parasite adhesion molecules is 
present at low levels among these 
Thai villagers, ii) the high antigenic 
diversityl9 of the parasite adhesion 
molecules reduced the antibody 
binding on infected red cells. Anti
bodies to P. falciparum in adults 
living in the endemic area have 
shown cross reactivity to aggregate 
mature stage-infected erythrocytes 
of different parasite strains leading 
to termination and clearance of the 
parasites?0-21 Previous reports6,8,21.23 
and our results here imply that im
munity against malaria infection 
currently exists in other forms, i.e. 
anticytoadherence and antirosetting 
activities, besides the inhibition of 
merozoite invasion. M This small 
study group showed that the pres
ence of antibodies (EMIF or IFA) 
did not correlate with the level of 
parasitemia, meaning that the effect 
of antibody in the inhibition of para
site multiplication was not consis
tent. This suggests that the mech
anism which prevents the severity of 
malaria among the villagers is due 
to the interference of antibody in 
parasite sequestration. Although the 
effect on parasite adhesion by these 
sera was not 100% inhibition, the 
presence of these activities may be 
of importance as anti-disease activi
ty which reduces severity of the 
malaria infection. 
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