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LONGEVITY OF NATURALLY ACQUIRED ANTIBODY RESPONSES TO THE N- AND 

C-TERMINAL REGIONS OF PLASMODIUM MAX MEROZOITE SURFACE PROTEIN I 

iRENE S. SOARES, MARiSTELA COMBS DA CUNHA, MARCELO NUNES SILVA, JOSE M SOUZA, 
HERNANDO A. URL PORTILLO, AND MAURICIO M. RODRIGUES 

L)eparlamesto do Mkroblologla, Imunologia e Parasitolog&4 Escola Paulista do Medicine. Unlveisldode Federal do Silo Paulo, 
Säo Paulo,  BrazAr Depanamento do Patologla. Ceimu de Clilocla: Biológica.v,  Universido4is Federal do Ford, Belem, Pard, 

Bran!; Departamonto do Parathologia, Unive,nidade do &So Paulo, Silo Paulo, Bnsril: Instituto Evandro Chagao, 
Bulbs, Ford, Brazil 

Abstract. In an earlier study, we found that individuals with patent infection had significantly higher IgO antibody 
titers to the 19-kD C-terminal region of Plasmodium vivax morozoitc surface protein I (PvMSPI) than individuals 
treated for malaria 1-4 months earlier These results suggested that the antibody levels decreased rapidly following 
tteatment. The present study was designed to determine the persistence of antibody response to the N- and C-terminal 
regions of PvMSPI after infection with F. vivian in individuals from the city of Bdlem in northern Brazil. Our results 
demonstrated that the vast majority of Individuals had a significant decrease in antibody titers to the C-terminal region 
of PvMSPI in a period of two months following treatment Among responders to the C-terminal region, 44.40A 
became serologicaily negative and 44.4% had their antibody titers reduced by an average of 13-fold. Only 11.2% of 
the individuals had their antibody liters maintained or slightly increased during that period. A decrease in the antibody 
response to the recombinant protein representing the N-terminal region of PvMSPI was also noted; however, it was 
not as dramatic. The rapid decrease in the antibody levels to the C-terminal region of PvMSPI might contribute to 
the high risk of reinfection in these individuals. 

Plasmodium vivax is the second most prevalent species 
that causes malaria in humans and accounts for approxi-
mately 35 millions cases of the disease every 

year  

In many 
countries, e.g., Brazil, P. vivax Is the most common species, 
where it caused 76.80/a of the 405,051 cases reported in 
1997.2 

In spite of being highly prevalent in many parts of the 
world, tb immunologic mechanisms operating in individu-
als exposed to P. vivax are poorly understood. We have char-
acterized serum antibody and T cell reactivity of individuals 
from northern Brazil recently exposed to P. vivax malaria 
with 11 recombinant proteins representing the N- and C-
terminal regions of the merozoite suithce protein 1 of P. 
vivax (PvMSP1).3 We found that a high frequency of indi-
viduals had IgO antibodies and T cell reactivity to at least 
one recombinant protein derived from PvMSPI.5 The recom-
binant protein, which is based on the 1-kD C-terminal re-
gion of PvMSPI f yMSL,,) containing the two�epidermal 
growth factor (EOF)-like regions, was the most immuno-
genic during natural infection In humans. 
cdlls,of 83.8% of’--t�he individuals recognized this recombi 

pr nant otein Furthermore, th antibody titers to the C-tdr 
initial region of’PvMSP1 were higher than the titers to the. 
Nzerrthnal regiciri This high frequency of responders was 
also described in an independent survey performed in Papua 
New Guinea, where the sera of more than 801/6 of the indi-
viduals reacted with a recombinant protein representing 
PvMSPI These immunoepidemiologic studies on natural-
ly acquired immunity to the C-terminal of PvMSPI are of 
particular importance since this region of MSPI is being 
intensively studied as a candidate for development of a vac-

saintml l,-ma 
sofoun

  
our study that Individuals with patent 

infection had significantly higher I antibody titers to tbe/ 
C-.tdnninal region of PvMSP1 than individuals treated for 
malaria 1-4 months before, suggesting that the antibody lev-
els decreased rapidly after treatment. Based on this finding, 
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the present study was designed to determine the persistence 
of antibody levels to the N- and C-terminal regions of 
PvMSPI after infection with P. vivax in individuals from the 
city of BcIóin in the northern Brazil. 

sumEcts, MATERIALS, AND METHODS 

Subjects. As described in an earlier study,3 most (66.311/6) 
of the residents of the city of Beldm, state of Path in northern 
Brazil are life-long residents and they were exposed to P. 
vfvax-infected mosquitoes during short-term stays in regions 
surrounding the city where transmission occurs. Only cases 
of P. vivax are reported in these areas and low levels of 
transmission are observed throughout the year. At the end 
of the rainy season (June through August), a slightly higher 
number of cases are observed. These individuals repoited to 
the Instituto Evandro Chagas (BelØm, Path, Brazil) for di-
agnosis and treatment. This made it possible to estimate pre-
cisely the number of malaria episodes. 

This study was approved by the Committee of Ethics of 
the Federal University of She Paulo-Escola Paulista de Mcd-
icino. After verbal consent was provided, 5 ml of venous 
blood was collected from 99 individuals in non-heparinized 
tubes and used as a source of serum. At the time their blood 
samples were collected, they had patent P. vivax infections 
as determined by microscopic analysis of Giemsa-stained 
blood drops before treatment. These individuals Initiated 
treatment for P. vivax malaria the same day the blood sam-
ples were collected. The standard treatment consisted of one 
oral dose of 600 mg of chloroquine and 30 mg of primaquine 
administered the day the diagnosis was made. These patients 
received daily doses of 30 mg of primaquine over the next 
six days. The mean – SD age of this group was 25.2 – 11.9 
years and 70% were males. Blood samples of 36 individuals 
from this group were collected two months after treatment. 
At that time, these individuals did not present with patent P. 
vivax infections. The mean – SD age of these subjects was 
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7.5.6 – 13.3 years and 61.1% were males. If was not possible 
to evaluate the antibody response of a larger group of indi-
viduals or after that period since once cured, most of them 
refuse to donate blood samples a second time. 

Recombinant PvMSPI proteins. The N- and C-terminal 
regions of PvMSPI from the flelØm strain of P. vtvcn were 
expressed a glutathione S-tzunsferase (GST) fusion proteins. 
The detailed construction of these fusion proteins has been 
described e1sewhere.3 The recombinant protein 1CB2-5 
contains 506 amino acids located at the N-terminal region 
of PvMSPI. Protein PvMSPI encodes 111 amino acids and 
contains the two EUF-like motifs described for the C-ter-
minal region of other MSP1 molecules.17 As a control, GST 
was produced alone. Recombinant proteins and GST were 
.’filnity purified on glusathione-Sepharose 4B columns (Phar-
macia, Uppsala. Sweden), their purity was determined by 
sodium dodecyl sulfate�polyacrylantide gel electrophoresis, 
and the protein concentration was measured by the Bio-Rad 
(Hercules, CA) protein assay. 

Immiiflppa. 1)etection ofwitigenspecc lEG anti-
bódis by E7J Sara from 99 mdVasuals ’ceretested fot? 
raetivi ..with the PvMSPI recombinant proteins by an 

LISA.) Microtiter plates (Costar, Cambridge, MA) were 
coated with 200 ag/well of affinity-purified fusion proteins 
or GST and incubated overnight at 4°C and washed three 
times with phosphate-buffered saline (PBS) plus 0.05% 
Tween-20. The plates were then blocked at 37°C for 2 hr 
with 5% nonflit milk in PBS. In the first test, serum samples 
were added to duplicate wells at dilution of 1100 Th sera 

positiye for. recombinant procins ICB2-5 or -- 
__ ____ were titrated with subsequent two-fold serial dl-

to 1:102,400. After incubation for 2 hr at room 
temperature, unbound material was washed away with PBS-
0.05% Tween, and peroxidase-conjugated goat anti-humçi 
1g0(Fc specific) (Sigma, St. Louis, MO) diluted 1:10,000 
vJas added to each well In rome erperlments we used per 
oxe-conjugated goat anti-human 1gM igma) diluted 1: 
4060. After a 1 -hr incubation at room temperature, excess-
labeled antibody was removed by washing with PBS-0.05% 
Tween, and the reaction was developed with o-phenylene-
diarnine (Sigma). Plates were read at 492 urn on an ELISA 
reader (Multiskan MS; Labsystetus, Helsinki, Finland). All 
optical density values at 492 mu (0D492) iefddsent binding 
Of Ig(3 utthe recombinant protein aftcii autitraction of bind-
ing of the same serum to GST alone. Each serum was tested 
in duplicate and the ODes values were averaged. Cut-off 
points were set at 3 SD above the mean ODes value of sore 
from 30 healthy individuals from the city of Silo Paulo who 
were never mcposed to malaria. 

EIzymeiinked ithmirnorotbanfasay to Wend anti -.,. 
spetJtc antThodki of diitincr igc supc s This LISA was 
petf6rnied as described earlier except that subclass-specific. 
mouse anti-human IgO monoclonal antibodies (MAlts) were 
used aslltcsecnnd-step -reagent, These  MAbrecOgninC hu. 
man1O1, lgG,.IgG3, or IgG4 (Sigma) and Were diluted 
1:8,000 in PBS-5% nonfat milk. After incubation fur 1 hr at 
room temperature, the plates were washed with PBS-0.05% 
Tween and peroxidase-labeled anti-mouse IgO heavy and; 
light chain (ICirkegasrd and Perry, Galthcrsburg, MD) was 
added at a final dilution of 1:4,000. The plates were washed 
with PBS-0.05% Tween and developed as described earlier. 

The OD2 values represent binding of each subclass of tgG 
to the recombinant protein after subtraction of binding of the 
same serum to GST alone. Only serum samples that had 

lgci 

specific for recombinant proteins ICB2-5 or PvMSPI , were 
tested in this assay. Each serum was tested In duplicate and 
the ODes values were averaged. Cut-off points were set at 
3 SD above the mean 0D493 value of sore from 10 healthy 
individuals from the city of Sao Paulo who were never ex-
posed to malaria. 

Statistical analysis. Xruskal-Wallis one-way analysis of 
variance, McNemar comparison of proportions, and a chi-
square test were performed using the True Epistat software 
package (Da Tracy L. Gustafson, Richardson. TX). 

RI3SULTS 

In earlier studies, we observed that the ISO antibody titers 
to the C-terminal region of PvMSPI were higher in serum 
samples from individuals with patent infections than in the 
sera from individuals treated for malaria 1-4 months earlier.3 
To determine precisely whether there was a significant de-
crease in antibody titers after treatment, the sent of. 99 in-
dividuals were collected during patent infection. Two months 
after treatment, we obtained blood samples from 36 of these 
individuals. Their IgO antibody titers were determined by 
ELISA using PvMSP1,5 antigen, which contained the C-ter-
mInal 111 amino acids representing the two EGF-like re-
gions of PvMSPI. We also used a recombinant protein con-
taining amino acids 170-675 of the N-terminal region of 
PvMSPI (Behim strain) (ICB2-5) to compare the immune 
response to the N- and C-terminal regions of PvMSP1. 

As shown in Figure 1, the proportions of individuals with 
patent infections who recognize proteins ICB2-5 or Pv-
MSPI, were 63.8% and 750/6, respectively. After treatment, 
there was a significant reduction in the frequency of respond-
ers. The proportions of responders to proteins ICB2-5 and 
PVMSPI,9 were reduced to 38.9 % and 47.2%, respectively, 
demonstrating that some of the individuals became serolog-
ically negative in a period of two months after contact with 
the parasite (P = 0.0175 and P = 0.0065 to ICB2-5 and 
PvMSPI,,’ respectively, by McNemar comparison of pro-
portions). When sera from individuals who recognized each 
recombinant protein were titrated, we observed that In in-
dividuals with patent infections, antibody titers to proteins 
ICB2-5 and PvMSPI19 were significantly higher than anti-
body titers of serum samples collected after treatment. While 
the decrease In antibody titers to protein ICB2-5 was barely 
significant (P = 0.038, by Kruskal-Wallis one-way analysis 
of variance), the reduction in antibody titers to PvMSPI 19 
was very dramatic (P = 0.0058). These results also con-
firmed our earlier observation that Igo antibody titers to 
PvMSPI19 were higher than titers to protein 1CB2-5 in In-
dividuals exposed to malaria.3 

Among individuals who responded to protein IC132-5, 
43.5% became negative in a period of two months following 
treatment. Their antibody titers decreased by more than 13.6-
fold (Table I, Group 1). A total of 39.1% of the individuals 
had mean – SD decreases in their antibody titers of 11.3 – 
6.6-fold (Group 2). Only 17.4% of individuals had their an-
tibody titers maintained or increased during that period 
(Group 3). Howevei, It is noteworthy that these individuals 
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Pruan 1. Antibody response to recombinant proteins ICB2-$ 
or PvMSP1 during patent Plasmodium vivax infection or alter 
treatment A, percentage of responders was estimated from 36 in-
dividuals and calculated as those serum samples that showed optical 
density at 492 urn (ODsn) values 3 SO deviations above the mean 
QD401 obtained from serum samples of 30 healthy Individuals who 
were never exposed to malaria. Serum samples were tested at a 
dilution of 1:100. The cut-off values for each protein ware ZCD2-5, 

I� 0.250 and PvMSPI jo, 0.200.The frequency of positive sees during 
patent infection was higher than the frequency altar treatment (P = 
0.0175 and P 0.0063, for proteins ICB2-5 and PvMSPL19, re-
spectively, by McNemar comparison of proportions). B, antibody 
titers of each individual represent the last dilution that had an ODse 
higher than 0.1 ODfrnl after subtraction of binding of the some se-
rum antibodies to glutatbione-S-transferaae alone. The results of Sta-
tistical analysis determined that during patent Infection, antibody 
titers to proteins ICB2-5 and PvMSP I gg were higher than after treat-
ment (P - 0.038 and P - 0.0058 for 1C92-5 and PvM$Pl, re-
spectively, by Krusksl-Wallis one-way analysis of variance). 

had relatively low antibody titers ranging from 1:200 to 1: 
400. 

As shown in Table 2, among individuals who tusponded 
to PvMSPI15, 44.4% became serologically negative with a 
reduction in antibody titers ranging from 16. to 512-fold 
(Group 4). Other individuals (44.4%) had their antibody ti-
ters reduced by a mean – SD of 13.0 – 10.0-fold (Group 

TABi,e I 
Variation In antibody titers to protein IC132-5 

Andbudy ilima Antibody dam Oounue In 
Nw.*ber of during patimt 2 mouth, altar antibody that 
Individual, lrtfcctlon ,eatnm,d (fold) 

Group I 
2 1:3,200 Nag, (<1:100) >32 
4 1:1,600 Neg. (<1:100) >16 
4 1:200 Nag. (<1:100) >2 

Group 2 
1:25,600 10,600 16 
1:6,400 1:3,200 2 

2 1:6,400 1:400 16 
1 1:3,200 1:1,600 2 
3 1:3,200 1:200 16 

1:1,600 1:800 2 
Mean – SD reduction 

= 11.3 – 6.6 
Group 3 

2 1:400 1:400 0 
1 1200 1:200 0 

1:200 1:400 2 (Increase) 
I Neg.(<1:100) 1:200 (Increase) 
ring. ncgliivo. 

5). Antibody titers during this period were maintained or 
increased in only 11.2% of the individuals (Group 6). Their 
antibody titers ranged from 1:1,600 to 1:25,200. 

We subsequently evaluated whether there was a decrease 
in specific subclasses of IgG. In sera collected from individ-
uals with patent infections, IgOl and 1g03 were the predom-
inantaubolasses that recognized p �.3C25 (Figure 
2A). Only 9.1% or 14% ofhe Individuals had 1g02 or IgG4 
antibodies specific for this polypeptide, respectively. We 
then compared the frequency of responders during patent 
infection and after treatment and found that a significant (m 

TASLB 2 
Variation in antibody titers to protein PvMSP155 

Antibody then Antibody tiles l)ocreun in 
Nwd=of during patient 2 mouth, after antibody titer 
telivitholo
 du=

tesunout (ThId) 

Group 4 
1:51,200 Nag. (<1:100) >512 

2 1:25,600 Neg. (<l:l00) >256 
2 1:6,400 Nag. (<1:100) >64 
4 1:1,600 Nag. (<1:100) >16 
3 1:800 Nag. (<1:100) >8 

Group 5 
1 1:102,400 1:6,400 16 
1 1:23,600 1:1,600 16 
2 1:25,600 1:800 32 
2 1:12,800 1:800 16 
2 1:6,400 13,200 2 
1 1:6,400 1:800 8 
2 1:3,200 1:800 4 
1 1:3,200 1:400 8 

Mean – SD reduction 13.0 – 10 
Group 6 

1 1:25,600 1:25,600 0 
1 1:12,800 1:25,600 2 (increase) 
1 1:6,400 1:6,400 0 
I Neg. (<1:100) 1:1,600 (increase) 
I Neg.(<1:I0O) 1:1,600 (’Increase) 

’Neg. - 
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FIOURE 2. Frequency of individuals with antibodies of distinct 
subclass of IgCl during patent Infection and after treatment. The 
EI.zl&A’was performed using ubs-specifte, anti-human IgOl, 
Eg(32 ..IgCl or lgG4 mouse monoclonal antibodies. Only serum 
samples that had total ISO specific for proteins I082-5 119 

were tested in this assay. The percentage of responders was calcu-
lated as those serum samples that presented optical density at 492 
urn (ODen) values 3 SID above the mean OD49 obtained from serum 
samples of 10 healthy individuals who were never exposed to ma-
lane. Serum samples were tested at a dilution of hI 00. The 0D492 
values represent binding of IgG to the recombinant (Rev,) protein 
after subtraction of binding of the same serum to glutnthione-S-
tranaferase alone. The cut-off values tbr each recombinant protein 
r0.007, 0.960, 0.012, and 0.10 for ICB2-5 IgOl, 18(32, 103, 

IgG4, respectively, and 0.074, 0.503, 0.037, and 0.100 for 
PvMSPI,, IgGI, 1g02, IgG3, and IgG4, respectively. A, ICO2-5. 
The frequency of responders with IgOl or lgG3 was higher during 
the infection than after treatment (P < 0.001 In both cases, by 
McNemar comparison of proportions). B, PvMSPI 19. The frequency 

’of
 responders with IgOl, tgG2, 1g03, or 1g04 was higher during 

the infection than after treatment (P < 0.001 in all cases). 

50%) proportion of individuals became negative after treat-
ment. The frequency of individuals with specific IgGI or 
1g03 decreased significantly (P < 0.001). In contrast, the 
frequency of individuals with 1g02 or 1g04 did not change. 

When the same type of analysis was performed with sera 
from individuals who responded to PvMSP1, we found that 
1801 and IgG3 were also the predominant subclasses of an-
tibodies during patent infection (Figure 213). However, sig-
iThcant proportion of individuals also had 1g02 or 1gO4 an-

tibodies. The comparison of the proportion of responders 
during patent infection and after treatment showed that all 
frequencies obtained from the second group were lower (P 
< 0.001). In the case of IgGI, we observed that the fre-
quency of responders did not decrease as much as with the 
other subclasses. 

The rapid decrease in 180 antibody response to recom-
binant proteins of PvMSPI could be explained if these in-
dividuals had an impaired secondary antibody response dur-
ing the second or third episodes of malaria. This hypothesis 
could be tentatively tested by two approaches. First, we de-
termined the frequency of aura that had specific 1gM anti-
bodies in individuals in their first, second, or third episode 
of the disease. Latex; we studied whether there was a boost-
ing effect that would generate a higher antibody titer during 
the second or third P. vivax infection. For that purpose, we 
divided the sets of the 99 individuals according to the num-
ber of malaria episodes and determined the frequency of sera 
containing specific 1gM or IgG antibodies. We also deter-
mined the titers of 18(3 antibodies specific for recombinant 
proteins ICB2-5 and PvMSP i. 

As shown in Figure 3, we found that the frequency of 
serum samples containing ISM specific for PvMSPI was 
higher in individuals during their first malaria episode when 
compared with individuals during their second or third in-
fection (P < 0.001). In parallel, we observed that the titers 
of anti-PvMSPI 19 IgG antibodies in serum samples from in-
dividuals during the second or third episode of malaria were 
significantly higher than the titers of individuals during their 
first attack of the disease (P = 0.009 or P 0.013, respec-
tively). No difference was observed when we compared the 
antibody titers of individuals during the second and third 
episode of malaria. 

The same type of analysis was performed using recom-
binant protein ICB2-5 as antigen. (Figure 4). We observed 
that more than 60%. of the serum samples had ISM antibod-
ies specific for 1C82-5 during first, second, or third patent 
P. vivax infection. This fact had been previously noted in 
longitudinal humuncepidemiologic studies carried out in a 
different endemic area of Brazil.11 When we compared IgO 
antibody titers to ICB2-5, we found that individuals in their 
second or third episode of malaria did not have higher an-
tibodies titers than subjects during their first episode of the 
disease. In fact, individuals in their third episode of the dis-
ease had lower IgG antibody titers (P <0.05). 

DISCUSSION 

In the present study, we evaluated the persistence of an-
tibody responses to recombinant proteins representing the N-
and C-terminal regions of the MSPI of?. vivax in individ-
uals from the city of BelŒm in the state of Pard in Brazil 
who had been naturally infected with F. vivax malaria. In 
spite of the fact that we compared antibody liters within two 
months of infection, specific IgG antibodies to both recom-
binant proteins decreased significantly in that period in the 
majority of the individuals. This is the first description of 
the persistence of the antibody response to PvMSPI or to 
any other antigen from P. vivax. Previous studies on the 
longevity of immunity to recombinant proteins of P. fakE-
parses MSP1 also reported that during the period of low 
transmission, the frequency of responders and the level of 
antibodies were significantly lower.19 However, this report 
used only recombinant proteins representing the N-terminal 
region of PfMSPI and similar studies involving the C-ter-
minal region have yet to be done. 

The rapid decrease in serum antibody levels to PVMSPI 
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Pinuas 3. Psequeney and antibody titers to PvMSP119 In Indi-
viduals during the firat, second, or third episode of Plasmodlrim vi-
vax malaria. Ninety-nine individuals were grouped according to the 
number of times they had a P. vivar patent infection. The number 
of Individuals of each group was 62, 27 and 10, for one, two, or 
three episodes of malaria, respectively. The paxuentage of respond-
ers, cut-off values, and antibody titers were estimated exactly as 
described In Figure 1. A, the frequency of acre from individuals In 
their first episode of malaria containing specific ISM antibodIes was 
higher than In Individuals in their second or third episode of the 
disease (P <0.001, by chi-square test). B, there was a significant 
increase in the IgO antibody titers in Individuals In their second or 
third episode of malaria when compared with Individuals in their 
first episode of the disease (P 0.009 or P = 0.013, for the second 
or third episode of the disease, respect1vely, by ruslca1-Wallis one-
way analysis of variance). 

in most individuals and perhaps to other malarial antigens 
contrasts with the slow decrease or maintenance of antibody 
levels in other diseases. For example, studies of the longev-
ity of the antibody response to flianientous hemagglutinin 
and pertussis toxin carried out in patients that experienced 
an outbreak of Jiordetelia pertus.cis infection demonstrated 
that during the convalescent phase of the infection, the pa-
tients, as well as the hospital medical staff, had high anti-
body titers to both protains.° However these levels were 
dramatically reduced after a five-year period in patients that 
had no further contact with this pathogen, whereas the med-
ical staff who continued to be exposed to this pathogen 

::40 

jQ2 

361 

a 

1 2 3 

�5 .5 

,..���.... a. 

0500500 ... 

5S 0*00 

5�50s�*60  050 5e 
S��� �.� 05 
S.. S. 

B 

1 2 3 

Number of malaila episodes 

Frouas 4. Frequency and antibody titers to recombinant protein 
ICTS2-5 in individuals during the first, second, or third episode of 
P?asnrodlrmr vivax malaria. Ninety-nine individuals were grouped 
according to the number of times they beds P. vlvax patent Infec-
tion. The number of individuals belonging to each group was the 
saw as described in Figure 3. The percentage of responders, cut-
off values and antibody titers were estimated exactly as described 
in Figure 1. No statistically significant difference was observed 
among the frequency of positive sara In the different groups of in-
dividuals (A). There was no significant Increase in the antibody titers 
In individuals In their first, second, or third episode of malaria (0). 
Individuals in their third episode of the disease had lower Ig(3 an-
tibody titers (P < 0.05). 

maintained the antibody levels to both proteins during this 
sante five-year period20 Moreove; a single infection with 
sthallpox virus generates antibody titers that can be detected 
fur. decades.51 
The reason why antibody production is differentially sirs-

tamed after infection with distinct pathogens is currently un-
known. Several panimetere of the host immune response, as 
well as the nature of the infection, may influence the lon-
gevity of the antibody response. They include the persistence 
of the antigen on follicular dondritic cells, the generation of 
long-lived plasma cells, or reduced levels of plasma cells 
apoptosis.n Alternatively, T cells have been described as 
having a major role in controlling the survival of antigen-
specific B cells (plasma cells and memory B cells). Through 
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the interaction of CD40/CD40L, 1’ cells rescue B cells from 
apoptosis during the initial phase of the immune response. 
Subsequently, they drive the multiplication of B cells in the 
germinal centers and the isorype switch. Later, however, T 
cells can be implicated in the elimination of activated B cells 
by a Par ligand (FasL)-mediated destruction.  Some of 
these hypothesis are amenable to be tested in future studies. 

To determine why antibody titers decrease after treatment, 
we initiated the evaluation of the Interaction between B and 
I cells in the generation of antibody immune response to 
PvMSPI during natural human infection with P. vivax. For 
that purpose, we determined the frequency of individuals 
with ISM anti ie Specific for thescrecombinant proteins 
jd?qnZt1Wtht second, or third epinodeof the_disease. We 
also studied whether the antibody titers in individuals at the 
time of their second or third episode of the disease were 
higher than in individuals during their first contact with the 
parasite. 

We found that the antibody response to each recombinant 
protein representing different regions ofPvMSPl was unique. 

Only a small( 20%) fraction of individuals had 1gM an-
-odbiçific  for PvMJdnrjng the secondthird 

episode of the disease,  the fi’ecuenc’ o’individuals 
iith 1gM to recombinant JCB2S i_thb._in all ibree 

,roups. The observation that Individuals were unable to 
switch the N-terminal-specific antibodies from 1gM to 1gC3 
had been previously described in longitudinal studies per-
formed in a distinct endemic area.is In addition, in the pius-
out study, we were unable to observe any evidence for a 
tiscondary antibody response to this polypeptida, further sug-
gesting that the interaction between B and T cells during the 
immune response to the N-terminal region of PvMSPI is 
dramatically impaired. 

Both an iæ-ipaired switch from 1gM to IgO and the lack 
of memory cells can be explained by a deficient interaction 
of CD40/CD40L molecules. This interaction is known to be 
crucial for the antibody switch in humans because individ-
uals who fail to express CD40L in activated T cells develop 
X-finked hyper_TgM.0 Similarly, knockout mice that do not 
express CD40 or CD40L have a profound defect in the pro-
duction of switched isotypcs."" The CD40/CD40L inter-
action is also implicated in the generation of memory B 
00118.22 Therefore, it is possible that either CD40, CD40L, or 
both are not properly expressed after activation of B or T 
’fmphucytes by the N-terminal region of PVMSP1. 

The discrepancy observed in the antibody response to the 
N- and C-terminal regions of PvMSPI may be due to the 
form of antigenic organization that they are presented to the 
immune system. Earlier studies have demonstrated that B 
cell activation is extremely dependent on antigen structura.n 
A highly repetitive form of the glycoprotein of vesicular 
stomatitis virus (VSV-G) expressed on the viral surface is 
an extremely potent activator of antigen-specific B cells in 
vivo.ra In contrast, poorly organized forms of VSV-G, e.g., 
a soluble protein, are poor activators of B cells. Because 
proteolytic cleavage releases the N-terminal of MSP 1 it 
Is possible that this region of the molecule is presented to 
the immune system as a soluble protein (poorly organized 
antigen). On the other hand, MSP119 that is maintained on 
the parasite membrane during the entire process of invasion 

may be presented as an organized repetitive epitope leading 
to a stronger activation of B cells. 

The rapid decrease in antibody levels in most individuals 
to PvMSPI did not predict a reduction of antibody levels to 
other malarial antigens. Several donors treated for malaria 
Who had became serologically negative to PvMSPI had an-
tibodies to other recombinant proteins generated from dis-
tinct genes’ cloned from P. vlvw (cia Curbs MO, unpub-
lished data). These results suggest that antibodies to Pv-
MSPI alone do not reflect the Immune response to all blood-
stage antigens of P. vlvax. This fact is corroborated by 
findings that there is no correlation between the antibody 
levels to recombinant proteins ICB2-5 or PvMSP 119, and 
antibody titers to blood stages as detected by immnunofluc-
rescenca.3’ Togethez, they suggest that immune responses to 
distinct antigens of P. vlvax can be differentially regulated. 
Further studies are underway to dissect them. 
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Naturally Occurring Plasmodia-Specific 

� 
Circulating Immune Complexes in Individuals 
of Malaria Endemic Areas in India 
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Blood samples collected floin individuals belonging to malaria endemic areas were assayed 
for amigen-specific circulating Immune complexes in polyethylene glycol precipitates of 
senun by enzyme inimwioassay. Sets were tested from patients with acute E vlwrc and R 
falcipanim fnftctlons, from clinically Immune Individuals and also from healthy normals. 
Circulathig immune complexes (CICs) containing lnnmwoglobulin U andM isotypes were 
round to be abundant in individuals with ongoing and past lutbctions and also in clinically 
Immune donors, in patients withactte Infection but without any past histonj of malaria, 
CICs of1gM type were found to be significantly bfgben Demonstration of antigen/antibody 
specific CICs could be a useful indicator of active, ongoing and recent/past infoction, also of 
the states of lnnnnne responses of individuals belonging to various endemic areas. 

Kermrds En*mimmm&%ay.Immmcomplm%immmglobuhmbWaria 

INTRODUCLIOR 

Plasmodium vivax and Plasmodium faki-
parum are the two main, species responsible for 
nearly 65% and 35% of malaria in India. Pro-
tectWehntnuthtyto malaria is primarily apremu-

nition, i.e, aresistanceto super-infection and gen-
era! immune responses in malaria infection is 
evoked through both the effector limbs of the 
immune system. ’ Humoral as well as cellular 
immune responses are adequately elicited in ma-
Iaiiainfection.2’3 

8MalallaResearch Centre, 22 SbaniNatbMarg, Delhi-i 10054, IndIa. 
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However the evasive strategies ofPlasraodium MiERJAIS AND METHODS 

app to evade and modulate the immune res-
ponses ofthe infecting host have contributed 1111- Parasite antigen preparation 
niensely to their extended survival and props-
gatfon in human hosts. In spite ofeffective elici-
tation ofimmune responses acquisition of ster-
ile immunity is rare, and relapses and recrudes-
cence do exist in malaria. Mechanisms of slow 
development ofimmunityinindividuals living in 
endemic areas is also not clearly understood.4 

Continual exposure of the host to a variety of 
antigens and subsequent polyclonal activation of 
B-cells5 contribute grossly in the formation of 
immune complexes ([Cs) in the circulation. In 
vMimmune complex formation is a continuous 
process whenever an antibody meets the anti-
gen, whether specific or non-specific. Severnl 
viral, bacterial and parasitic diseases demon-
strate immune complex formations; malaria is 
one ofthem. Formation ofimrnune complexes 
in malaria may be one ofthe outcomes of per-
sistent infection. Low-grade persistent infec-
tion and poor antibody response jointly lead to 
the formation of immune complex and chronic-

.. ityoftbedisense. Circulatingimrnunecoxnplexes 
(CICs) have been documented to play an es-
sentlai role inmodulation oftbe immune response 
to various antigens.6 Their presence in murine, 
rodent, simian  and human malaria have been 
reported.7.8 However inhuman malariavciy 
little is known about CICs and antigens and the 
antibodies involved in their formation. 

In the present study, an attempt has been made 
to determine the plasmodial CICs of IgG and 
1gM classes directed against F vivax and J 
falcl-pwwn antigens. 

NSIIrfIr.. vp I 

13 

Rfakiparwn antigen: The Indian P laid-
parum isolate from Delhi, FDL-B was used 
for antigen preparation, as described earlier.9 
Parasites were grown and. adapted In vitro 
using O+RBCsandAB+ serum by the candle 
jar technique. The culture was harvested when 
parasitaemia reached almost 10% and alarge 
number of fate trophozoites and schizont stages 
were observed. Parasites were freed by sapo-
nin lysis and a soluble extract was obtained by 
sbnication in MSE Soniprep at 14 i.A for 90 
see. The antigen was purified after affinity 
adsorption with rabbit anti-human erythrocytes 
antibody, and the protein concentration was de-
terrnhieci 

.1? vivezi antigen: Blood samples were collected 
from patients who visited the malaria clinic of 
MRC, Delhi and suffering from  v/vax infec-. 
tion after obtaining consent for venipuncture 
Nearly 5-10 ml blood was collected aseptically 
from patients showing 1% or more parasitaemia 
inheparinised tubes. 

Plasma, was aspirated and stored frozen;RBC 
pellet was resuspended in an equal volume of 
sterile PBS. The suspension was overlayed on 
3% dàxtran sulphate solution, then incubated for 
45 min at 37°C keeping the tube in a slanting 
position. The supernatant containing WBCs was 
removed, and the RBC pellet was washed thrice 
in PBS. The antigen was prepared by saponin 
!ysis, followed by centrifligation. sonication and 
affinity adsorption. 
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Collection of blood samples: Blood samples 
for sera were collected during the transmission 
season (April to November 1996) from incH-
viduals living in various endemic pockets in Dethi, 
Ghaziabad (PHC-Loni) and belonging to age 
groups oi15-5 0  yr. Study subjects were cate-
gorised under four groups according to their 
malaria experience. Blood samples collected 
from four groups were as patients suff&ng from 
acute R i.’tvax infection and with a history of 
repeated P. vivax and P.ftuicljxrum infections 
(n=29); patients with acute Rfaklparum in-
fact! ’on without any history ofpast infection (n = 
24); clinicallyimmune adults who earlier suffered 
repeatedly from malaria but did not show any 
clinical symptoms at the time Ofblood collection 
(n = IS); and healthy adults who were resi-
dents of endemic zones but without any history 
of malaria (ii = 20). A volume of 1-2 nil blood 
was collected aseptically from each individual 
after obtaining informed consent. Patients diag-
nosed 

for 

malaria were treated with the recom-
mended doses of ohloroquine by the clinician. 
Sera were separated and stored in aliquotes at 
-20°C for their use in a number of studies. 

Isolation of CICs: Circulating immune com-
plexes were isolated by precipitating at 2.5% 
(wA’) polyethylene glycol (PEG), môt wt 6000 
(SISCO Research Laboratories, India) follow-
ing the published method. 10 Briefly, 100 0 of 
serum was diluted five times in PHS-.EDTA 
(0.15 MPBS, pH 7.2 and 0.01 MEDTA, pH 
7.6). Equal volumes of freshly prepared 5% 
PEG in PBS were added to the diluted serum, 
then incubated overnight at 4°C. The precipi-
ates were obtained byccntrifiigingat 1000xg 

for 30 min’at 20 °C, then washed once with 

OCID: cXP 802$92aA 1>. 

2.5% PEG Finally, precipitates were reconsti-
tuted to the original volume by dissolving thor-
oughly in PBS and kept at 37°C for2 Ii. The 
dissolved precipitates were stored at -20 °C 
till use. 

Detection of malarial antigen spedficClCs: 
The CICs in PEG precipitates were detected 
by simple indirect ELISA. Polystyrene round-
bottom 96 well ELISA plates were coated 
separately with 50 0 per well R vivax and Ft 
ftikparum crude antigens diluted in 0.1 M car-
bonate-bicarbonate bufet pH 9.6 at a concen-
tration of 10 Vg/m1, then they were incubated 
overnight at 4°C.  After removing excess anti-
gens, the plates were washed twice with PBS-
Th’een-20 (PBS-T) and blocked with 1% BSA 
for 2 h at 37°C. PEG precipitates diluted in 
PBS at a dilution oft: 100 (50 i.’l) were added 
in quadruplicate wells in both P vivax and P. 
falciparurn antigen coated plates and incubated 
overnight at 4°C. After washing five times with 
PBS-T, anti-human IgG and 1gM conjugated 
with HRPO were added in respective wells 
(50 id) in duplicate and incubated for 1 h 30 
min at 37°C. Enzyme -specific substrate, ortho-
phenyl ene di-amine’H202 (50 id) was added in 
wells after washing five times with PES-T and 
kept for reactionin the dark for 30 min at room 
temperature. Enzyme-substrate reaction was 
terminated by adding 50 j.d of 8 N sulphuric 
acid and the plates, were read at 492 

nm in an 

ELISA reader (Titertek Multiskan Plus, Flow 
Laboratories, UK). Statistical analysis: Mean ELISA O.D. val-ues of each group were compared using students i-lest and probability values for the 
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CICs in each group were determined. 

Sara tested in this study were collected from a 
group of individuals sufibring from both P viwn 
andPfczlciparwn malaria. Some ofthem had 
multiple attacks, while some oftheni had no his-

� tory ofmalaria infŁcion. The IgG and 1gM type 
" CIC profiles of these samples detected against 

P W= andRfalłpanim antigens are shown 
in Fig. 1. In healthy normals (Group A), P 

to v/v=and Pfalclparum specific TgG and 1gM 
type immune complexes were found to be much 

lower. A few samples demonstrated slightly 
higher values in both cases, In  v/vax patients 
(Group B), CICs of both the IS isotypea were 
found to be elevated when tested against two 
antigens, indicating their present and recent past 
infections. The patients with acute infection of 
Rfalclparum (Group C) demonstrated signifi-
cantly higher 1gM type CICs with Efalcipa-
rum antigen since these patients were suffer-
ing from a fresh bout ofPfakzparurn infection. 
In the dinically immune donors (Group D), CICs 
of1gM type were substantially high as observed 
by the reactivity ofPEG ppt with both!! v/vax 
and P fa1cparum antigens. These may mdi-
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Fig. 1: Scatter ftmm ofplawnodial-specifir. CICs ofIgG and 1gM classes In sera from in-
dividuals. 
Groups are normal healthy control (A). acute R vivax and  fakiparum patients (B 
and C), clinically immune individuals A. The gTaph is plotted with ELISA 0,1). 
values at 492 ma. 

Prof eofCICs:aIgGewthPvAgb  type with PvAgc’IgGtype’vith 
Pf Ag; d 1gM type with RfAg. 
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Thble 1. PhLsmOdlSl U? vivtz*andRfakpanVn) CICs (IgG and IgMlypes) in PEG precipitates of sera from 
healthy noimals, patients and Immune hidivlduals 

Group Sample size EI2SA O.D. values WIthPVA& 

IgO IBM 

(Meant SD.) with FfAg. 

IgO 1gM 

A(klcalthy) 20 0.03– 0.04 0.05– 0.08 0.15–0.09 0.06– 0.14 

B (Pv case) 29 0.62– 0.55 1.25– 0.80 0.60–034 1.29–0.75 

CQ’fcase) 24 0.20–0.12 0.23– 0.16 0.22– 0.09 1.04–0.41 

D([mnmne) 15 0.45– 0.19 . 0.91– 0.28 034–0.18 1.03–0.34 

StatlstLcal analysis S -. 

A vs B NS P=0.05 P=0.05. 

Avs C p<0.05 p<0.05 p<0.001 p<0.001 

Ava D p<0.0I p<0.00L P<0.001 - p<0 .O01 

NS: Not significant. 

cate that clinically immune individuals might be 
harbouring submicroscopic/subclinical infection 
in the system, which, in twit, provides immunity 
to the disease. These results with their statisti-
cal significance are showninTable 1. 

DISCUSSION 

Observations of elevated Jevels ofplasmodial 
CICs of lgG and ISM types in endemic areas 
are understandable as intense exposure to ma-
laria may elicit hunioral iminuneresponsô  in in-
dividuals residing in endemic areas.11’12 I. 
imine complexes are formed during the immune 
response to an intToduced or exposed antigen 
by binding to the new!yfonned specific anti-
bodies to that antigen 

The endemic areas where the study subjects 
belong offered ideal malaiiogenic conditions. In 

OCID: <XP 9020M 1> 

these areas malaria is seasonal: eariy, prolonged 
monsoons are responsible for intensive trans-
mission of both P v,vac and R falcparum. 
Coexistence of both J vivax and I! falqpanun 
CICs in individualsmay indicatethe high preva-
lence and infestation rate ofthese species in the 
community. Malariomeijic surveys conducted in 
northern India have shown the presence of both 
F vivax and ifakiparum in many patients.14 
There are reports in which cross-reactivities 
among different strains ofP1av,nodium have 
been denionstrated156.. These studies suggest 
that certain antigens - or at least some oftheir 
epitopes� might be common to different spe-
cies of plasmodia. Iigh levels of 1gM-class 
CICs directed to PfaIcparzmz antigens in pa-
tients with clinically ac teE falt4panun infec-
tion may indicate their first encounter to this in-
fection, as 1gM is the predominant in,munoglo-
bulin produced during the primary immune res-
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ponsel7 Ixumuneindividualahave shown high 

1gM-type CICs which maybe due to subclini-
cal infection consisting ofa new clonal subpopu-
lation of parasites with a very low level of 
parasitaemia. This group ofindMduals was also 
having CICs of IgO type, but their level was 
ibund to be lower than the 1gM-type complexes. 
The continuous boosting ofthe immune system 

thlow-grade parasitaemia might be helping in 
’-acquisition of immpnity. High levels of 19M in 
area of fresh malaria outbreak have also been 

18 The polyclonal B-cell activation by 
P plasniodlal antigens produces arrays ofantibod-

ies which may not be protective to the host. The 
high load of CICs detected in sera may be both 
protective and non-protective antibody-bound 
complexes. It is important to identir antigen-
antibody complexes relevant to the development 
of host protective immunity in people living in 
malaria endemic areas of India. In various spa-
des including human, ICs are formed during the 
immune response. A small proportion of the 
ICs is trapped in B-cell follicles on the cellular 
processes offollicular dendiitic cells and can be 
retained there for a long period of time19 via. 

hiding to Pc receptor20 and complement C3 
IWaceptor.2l Antigen preserved ins way is ha-- 

lieved to play a crucial role in the generation of 

i memory B-cell and the maintenance of long-
term bumnoral immune responses. in vi" per-
formed ICs have been shown to be much more 
efficient in inducing humoral immune responses 
in vivo than the native anfigen.22 This specific 
potential oflCs may suggest their use as vac-
cine antigens. Presence of CICs in clinically 
immune population living in endemic areas may 
explain the low infection rate in these individu-
als.

JSflt)fl- .YP fRA I 

It maybe concluded that determination of CICs 
in endemic areas could provide valuable data 
for evaluation of active transmission, current in-
lction mute as well as the immune response pro-
file ofthe host. 

The authors wish to thank Mrs. N.K. Amrnini 
for sample processing, Mr. Ravikant and Mr. 
Naipal Singh for assistance in sample collection. 
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Evaluation of Indirect Immunofluorescent Antibody 
Test for Detection of 1gM Specific Antibodies 

in Malaria 
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ABSTRACT 

Indirect Immune fluorescent antibody test using Planiodigjrn fat. 
elptzrurn antigen from In vitro culture was evaluated for detecting 
rgM antibodies in order to determine the feasibility of Its application 
in seodlagnosis of malaria. Test was compared with the already 
adapted Igt-UP test using the same antigen It was found that none 
of the healthy controls and elide negative fever cases had malaria 
1gM antibodies whereas 8 per cent of healthy controls and 49.01 per 
cent of the slide negative fever cases had malaria tgC antibodies. The 
sensitivity of IgM-37P test was 94.68 per cent add that of IgG-JIP teat 
was 96.81 per cant. 1gM antibodies could be detected vary early even 
on the first day of fever and titre rose gradually with increasing 
number of days of illness before institution of treatment. The 1gM 
antibodies, being short lasting are able to reflect recent infection. 
The test although highly sensitive and specific in laborious and ex 
pensive. Therefore, it may be used as a serodiagnostin test In ad. 
vanced laboratories only for confirmation of selected slide negative 
cases. 

INTRODUCTION 

Malaria intection is best diagnosed by careful microscopic examination of 
a stained thick blood smear. This is simple and does not require any sophisti-
cated equipment.. One of the disadvantages of this method is that it is time 
consuming and With large number of samples the accuracy cannot be ensured. 
In addition, due to easy availability of antimalarials at present, parasites may 
not be detectable In the peripheral smear and diagnosis cannot be ascertained 
in some cases. Indirect immunofiuorescent test (ElF) is a well established test 
for detecting malaria antibodies and has been used considerably for epidemiol-
ogical purposes". By this test either IgO. antibodies or total imrnunoglobulin 
response is conventionally deterzninedd. These antibodies are long lasting and 
cannot be of help in the serodiagnosis of malaria in an ’endemic country like 

* Regional SW Teaching, Training & Research Centre, Safdarjung Raspital. New Delhi-110029. 
Ex-Director, National Institute of Communicable Diseases, 22-Sham Nath Marg, 
Delhi-110054. 
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� Table 1�M.1nrla-IgM  antibody tltrea In malaria and control Sore by Dl’ teat 

Sore tested - - Total c 18 18 32 64 256 1024 4098 Total % � 
>16 >16 

Malaria Sore 
Total 94 5 16 24 84 10 3 2 89 948 

P. vivax 70 0 16 28 22 4 0 0 65 02.86 

P. faLc1panm 24 - - 1 12 8 3 2 24 100 

Healthy control 50 60 - - - - - - - 0 

Slide negative 61 51 - - - - - - 0 
fever easel 

4SDOC1p xp 902893" 1 

Table X.-Malaria-IgG antibody litres In malaria and control sera by 1W teat 

Sara tested Total c 22 32 64 256 3.024 4096 Total . 
>32 >82 

Malaria Sore 

� Total 94 8 3 28 24 14 32 01 96.81 

P. ulvar 70 3 3 18 24 7 15 67 95.71�� 

P. falclparum 24 - - - 7 17 24 100 

Healthy control 30 46 4 - - - 4 8 

Slide negative 51 28 18 8 7 - - 20 49.02 
fever eseec 

The mean 1gM and IgG malaria antibody titre (GMT) with S.D. during 1st 
day, 2.5 days, 6-10 days and 11-30 days of illness is presented in Table 3. The 
student "t test was applied to determine the significance of rise in GMT be-
tween these specified periods. The GMT of 1gM was very low on the lot day of 
fever which rose significantly after 2-5 days (t = 2.41, p <0.05). The rise was 
highly significant after 6-10 days (t = 3.79, p = <0.001) and after 11-30 days 
(t = 4,07, p = <0.001). The GMT of IgG was quite high even in those giving 
history of I day fever (340.56). Although there was an apparent rise in GMT 
during the illness up to 80 days, the rise was significant only after 11-30 days 
after infection (8 = 3.14, p =.< 0.01) 

DISCUSSION 

The results of the present study confirm earlier reports that both malaria 
specific 1gM and IgG responses occur in malaria.. 4 1gM antibodies were not 
detected in healthy controls and slide negative fever cases. However, in these 
groups, malaria specific IgG antibodies were detectid. This observation confirms 
earlier findings5 that duration of 1gM response in malaria is transient as compared 
to the IgG antibodies which persist for a long time specially after repeated 
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Table S�Geometric mean titre (OM) of 1gM IgG in malaria eaaea by HF test 

Type of GMT with 95% Confidence Interval Total 
Malaria of malaria antibody In patients 
Antibody - with number of days of illness - 

I day- 2.5 days 8-10 days 1140 days 

1gM 25.00 43.61 103.97 229.45 50.67 
(17.88 30.2$) (30.02,54.57) (50.58, 213.18) (84.89, 744.43) (39.69. 6445) 

IgG $40.56 409.74 1116.27 2580.32 531.66 
.j...

 
(W.09, 778.05) (250.57, 648.07) (413.0, 3350.13) (1408.55, 4105 07) (367,09, 765.35) 

in-fections. Therefore, the IgMIIF test appears to be very specific as an iminu-
nodlagnostic test. 

Alk The sensitivity of the IgG HF test was 97 per cent in this study and was 
gber than that reported in our earlier studies on TIP test.12 This figure is 

however comparable to reports by previous workers using Aetna P. falcipc,um 
antigen." This Improvement in sensitivity could be due to the use of a synchronous 
P. falclpctrum culture containing mainly schizonts as antigen in this study. Out 
of the some malaria cases 94.68 per cent were having malaria specific 1gM 
antibodies, showing high sensitivity of this test. In those with P. vivax 
parasltaemia the sensitivity was 93 per cent and in those with P falciparum 
parasltaemia 100 per cent were seropositive. The difference could he because of 
use of P. falciparum as antigen. The very high sensitivity of ther test again 
makes it very suitable as an immunodiagnostic test. 

Both the 1gM and fgG levels rose with increasing number of days of infec-
tion before institution of treatment -showing that longer duration of antigenic 
exposure Increased the level of antibodies. 

In the present study, 1gM antibodies could be detected very early in infec-
n. Cases-with history, of fever even for one day, showed very low levels of 1gM 

,iiodlłs.  High levels of IgO antibodies were also found on the. first day of 
ifection indicating that these antibodies persisted from earlier infections due to 

their long lastipg nature. 

Thus, 1gM111? test gives information regarding recent infection and may 
be utilized as a tool for surveillance in the near eradication phase. The 
limitations of the test are that it Is laborious and can be performed only for 
selected cases In a few sophisticated laboratories having facilities of fluorescent 
microscopy. 
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Structure and expression of the gene for Pv200, 

a major blood-stage surface antigen of Plasmodium vivax 
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Molecular cloning and structure analysis of the gene encoding the Pv200 protein or the Sal-I strain or Plassnodiwn vivax 
� revealed an overall identity of 34-37% when the deduced amino acid sequence was compared with the sequences of various 

major ruerozolte surface antigens of P!asmodiumfolciparuni. Plasmodium yodil abd Pkzsnwdlwn chabawli. When the Sal-1 
Pv200 sequence was compared with the corresponding sequence from the Belim straiif of F. vlvax. it was found that the two 
merozoile surface antigens were relatively well conserved with an overall amino acid sequence identity of   1%. A region of 23 
repeated glutamlue residues, found in the sequence of die Befm isolate was not found, however, in the Sal-I sequence. 
Amino- and car xy-tenqtinal domains of the Pv200 protein were expressed in the yeast Sacchromyces cere’IsIae. Each 
lcomb1öshown_p  react with antibodies rn sera from splenectojnized Boivan Sabniri monkeys that had been 
infitedrcvioiis1y with P. vlvax, and in human scm from indIiduels with a history of exposure to vivax malaria. The 
availability of recombinant DNA-derived Pv200 proteins will now allow a full assessment of their uiityinthed1agnnsisand 7 
iucopphyläiis& thebeninter1ian malaria associated with P. vivax infection. -. - 

S 

Key words: Plasmodium Wvax Blood-stage antigen Pv200; Malaria vaccine 

Introduction 

Large scale in vitro parasite culture cannot 
provide sufficient quantities of either organ-
isms or antigens to produce a malaria vaccine. 
Accordingly, peptide synthesis and recombi-
nant DNA methodologies are being evaluated 
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Chiron Corporation. 4560 Horton Street. Emeryville. CA 
94605. USA. 
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Note: Nucleotide sequence data reported in this paper have 
been submitted to the GenBank" data base with the accession 
number M75674. 

Abbrei.iarlwu: ADH2, alcohol dehydrogcnasc-2 CS. drcum-
sporozoke GAPDH. glyceialdehyde-3-phosphate dehydragen. 
ase; PAGE. polyacrylamide Scl clectrophoresis; PCR, 
polynierasc chain reaction; TMD, trunsinembrane domain. 
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extensively for the production of potential 
protective immunogens against the protozoan 
parasites that cause malaria. Because of the 
severity of the disease caused by Flasmodiwn 
fakzpezrum, this species has represented the 
major target for such studies. Of the numerous 
potential subunit vaccine candidates from this 
organism, an antigen of special interest has 
been the major nierozoite surface antigen 
P1195. This antigen has been shown to reside 
on the surface of the sebizont and, in a processed 
form, on the surface of the merozoite [1). 
Vaccination studies with P11 95, isolated from 
cultured parasites, have led to high levels or 
protection against F. fakiparum challenge in 
monkey model Systems 123 More recently, 
recombinant DNA-derived P1195 antigens 
have been produced and studied as candidate 
vaccines against falciparurn malaria [3-51. 
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Although less virulent than F. faldparum, 
Plasmodium vivax is the causative agent of 
benign tertian fever, a form of malaria 
characterized by frequent_ and protracted 
relapses. Vaccination studies against this 
species have been less extensive than with P. 
fakiparum and have been focused almost 
exclusively on the sporozoite lifecycle stage of 
the organism (6-9]. Recently, however, a 
polymorphic 200-kDa component of the P. 
vivax schizont surface was defined by mono-
clonal antibodies, and a partial genomic clone 
that encoded a portion of the antigen was 
isolated, structurally defined and expressed in 
bacteria [101. Homology of this DNA frag-
ment, and the more recently isolated full length 
gene sequence (1 lj, with the P1195 gene, 
together with immunolocalization studies 

using antisera to 

the expressed protein have 
suggested strongly that the Pv200 protifl is 
functionally analogous to Pfl95 110). Here we 
report the molecular cloning and structure 
analysis of the gene for Pv200 from the Sal-I 
strain [8] of P. vlva. We also demonstrate that 
amino- and carbQxy-terminal domains of the 
protein produced in yeast can be used to detect 
antibodies both in monkeys and in humans 
previously infected with P. vh’dx. 

Materials and Methods 

Construction of P. vivax genotnic DNA librar-
ies. Genomic libraries were prepared as 
follows. 500 ng of P. vivax genomic DNA, 
from the Sal-I strain, was digested with EcoRI 
and ligated into &oRl digested )ZAPII 
(Stratagene), packaged and introduced into 
£sc/zeric/zia coil strain PLK-17. A similar 
Hind!!l digest, partially filled with dCTP and 
dli’?, was ligated into XbaI digested AZAPU 
that had been similarly filled with dATP and 
dGTP. The ligated DNA was paäkaged and 
transformed as above. Libraries of 5 x 10’ 
and 4.1 x i’ independent clones were 
obtained, respectively. 

Screening of?. vivax DNA. Two overlapping 
oligomers (45-mers), based on the sequence of 

del Portiflo et aL [tO], were labeled by the 
oligomer primed extension method [12], hy-
bridized in 40% formamide-containing buffer 
[13] at 37°C to a Southern blot of EcoRI-
digested P. vivax DNA, and washed at 65°C in 
2 x SSC/O.l% SDS. A 9.5-kb EcoRl fragment 
hybridized to this probe. Two overlapping 
oligomers (42- and 43-mers) based on the 5’-
end of the EcoRi clone were used to probe a 
Southern blot of HIndIII-digested P. vivax 
DNA in a similar fashion and hybridized to a 
7.0-kb fragment. Similar hybridizations were 
carried out on library filters and plaque 
purified tertiary positives were excised using 
E. coil strain XLI-Blue (Stratagene) and 
plasmid DNA was retransfonned into E. coil 
strain D1210 for further plasmid manipulations. 

Subcloning and DNA sequencing. Plasmid 
DNA was isolated by the alkaline lysis 
method (13]. Overlapping restriction frag-
ments were subcloned into. M13 vectors and 
both strands were sequenced by the chain-
termination method 114] using Ml 3 primers as 
well as specific internal primers. DNA mani-
pulations were essentially as described [13]. 

Expression of amino- and carboxy-terminal 
domains of Pv200 in Saccharornyces cereviaiae. 
The polymerase chain reaction (PCR.) [15] was 
used to amplify DNA fragments from cloned 
Pv200 gene sequences. Appropriate restriction 
sites, and in-frame initiation and termination 
codons were incorporated into the PCR 
primers. Thus, for Pv200A, primers 5’-(dA-
TGTCCCATGGAAACAGAAAGTTATAA-
GCAG)-3’ and 5’-(dCGCCCTCAACAAA.. 
TCATAGTG)-3’ were used to amplify an 
Ncol/EcoRI fragment from the ThndHl clone 

411-3-9. A pBluescript polylinker primer. 5’-(dGTGGATCCCCCG(3GCTGCAGG)-3 

and the 3’-primer 5’-(dflCCAAGGTCGAC-
TATGGAI1rrGCAAATCACCAAATGfl-

3’ were used to amplify the contiguous EcoRI/ 

Sail fragment from the EcoRI clone 6.1-2. The 
PCR products were digested with the appro-- priate restriction enzymes and ligated into Neal/Soil digested pBS!00 [7]. A BamHI/SaII raglnent that contained the ADH2/GAPD}1 



hybrid promoter [16] fused to the cloned PCR 
product was excised and cloned into pBS24 
(17] for yeast expression. The Pv200B gene was 
amplified as an NcoI/SalI fragment from clone 
6.1-2 using the primers 5’-(dCCJGGAGCC-
ATGGCAGAATCTGAGGCGCCTGAG)-3’ 
and 5’-(dTTCCAAGGTCGACFAGcTAC-
AGAAAAcTCCCTCAAAGAG)-3’. Sub-
cloning into pBS 100 and pBS24 were as 
above. pBS24 plasmids containing the 
Pv200A and Pv200B genes were transformed 
into Saccharomycei cerevisiaE strain JSC302, a 
derivative of AB1 16 f181.that overexpresses the 
ADRI gene [16). Transformants were propa-
gated and induced as described previously [7]. 

east cell lysates were analyzed on 12.5% 
_SDS-PAGEgels with Coomassie Blue staining, 

and by immunoblotting. 

.Fur(/kation of recombinant proteins. Yeast 
cells that , were expressing ?v200A were 
harvested it 60 h and lysed with glass beads 
in I M NaCl/SO mM Tris/1 mM EDTA/0.1% 
Triton X-100 at pH 7.5 [7]. After centrifuga-
tion, Pv200A was extracted from the insoluble 
pellet with S 1l urea/100 mM Tris (pH 11.5). 
The solution was adjusted to pH 8.3 and 

,passed over a Mono Q (Pharmacia) anion 
exchange column in 6 M urea/SO mM Tris-
HCl/1 mM EDTA. Pv200A was found to be 

>951/o pure by densitometric scanning of a 
Coomasssie. Blue-stained SDS-PAGE gel. 
Yeast cells expressing Pv200B were harvested 
nd Jysed in a similar manner. The 8 M urea 

,Sxtract was then adjusted to p1-I 9 and run over 
�a Fast Flow Q (Pharmacia) ion exchange 
column. The immunoblot-positive peak elut-
ing at 0.15-0.20 M NaCl in a 0-1 M gradient 
was collected, concentrated and separated by 
gel filtration on Superose 12 resin (Pharinacia) 
in 4 M urea/ 10 mM Tris/l mM EDTA/lO mM 
fi-tnercaptoethanol at pH S. .. 

Serology. Immunoblots and ELISA assays 
on monkey and human sera were performed 
essentially as described [133. Monkey scra were 
obtained from SaimfrI boliviensis squirrel 
monkeys that, had been used previously as 
controls to assess the efficaey of  recombinant 
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P. vivax crrcumsporozoite vaccine [8,9]. Ati-
1Ciomo4gus conjugates- were used - to- . assay-
.ntibodies-in. monkey sampIes. Sera were taken 

4 weeks after challenge with 10000 P. vivax 
Sal-I sporozoites. Human sera were collected 
from a population in Brazil, outside the 
endemic zone, that had encountered a single 
SO-day exposure to P. vivax 1191. Serum 
samples were taken 8 months after the out-
break, which was completely controlled by 
chemotherapy and insecticides. Enhancement 
of sensitivity in the human sera ELISAs was 
achieved using the 3, 3, 3, 5’-tetramethylbena-
zidine (TMB) as substrate and reagents as 
recommended by the manufacturer (Kirke-
gaard and Perry Laboratories luc, Gaithers-
burg, MD). 

Results and Discussion 

Molecular cloning of the Pv200 gene. Over-
lapping AZAPII phage clones were isolated 
that contained the large open reading frame 
encoding Pv200 (Fig. I). Most of the Pv200 
protein sequence is encoded by the EcoRl 
clone (6.1-2). The amino-terminal region is 
contained within the ca. 7-kb Hindu! clone 
(4B-3-9). The full DNA sequence of a 5.83-kb 
composite NdŁI fragment that includes the 
entire Pv200 coding sequence is shown (Fig. 2). 
Typical promoter elements [203 are found 
within the 5’-region of the sequence, and a 
consensus motif for efficient initiation of 
translation (21] is apparent around the pro-
posed initiation codon. 

Structure of Pv200. As deduced from the 
composite sequence, Pv200 is derived from a 1731-amino acid precursor protein that con-tains a typical amino-terminal secretory signal sequence (22), and a transmembrane domain (TMD) (Fig. 1). A predicted signal peptidase cleavage site [22) occurs after Cys19. Also, within the hydrophobic TMD (Fig. 2), is a stretch of 4 scrine residues that is reminiscent 

of the signal for attachment of glycosyiphos-
phatidyl inositol anchor sequences to proteins of various protozoans. including Pfl95

 [23]. 
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Fig. l. Restriction maps of the overlapping genomiedNA clones that encode MOO. shown above a schematic representation 
of the encoded protein sequence. The flanking Mdcl sites (Fig. 2. legend) arc shown (N). Other sites used for mapping and 
DNA sequencing: IlnidIH (H), RcuRl CE). and Xbul (X). Potential asparagine-linkcd glycosylation sites are shown (4’). as is 
the serine/threonlnc-rich region (STR). The signal sequence (Sig) and putative transmembrane domain (TMD) arc shown in 
black. and a potential protcolytic cleavagesfte (see text) is arrowed.Also shown schematicalty,are the regions Pv200A and 

Pv2000 that were selected for exprCacion in yeast. 

Overall amino acid sequence identity between 
our Pv200 and P1195 from various sources [24] 
is in the 36-37% range, although a region of 
more extensive identity (45%) exists in the 
amino-terminal region [10, and present study). 
Similarly, amino acid sequence identities 
between Pv200 and the major merozoite 
surface antigens of P. chabaudi chabaudi and 

, P. yoelii yoeIii were 34.6% and 34.9%, 

� respectively (25,26).. Also present is a potential 
: proteolytic cleavage site identical to that 

defined previously for the generation of the 

p carboxy-terminal p42 protein of the P1195 
precursor 1271 (Figs. I and 2, arrowed). Also 
in common with Pfl95, Pv200 does not contain 
multiple repetitive elements that are character-
istic of many other proteins of malaria 
parasites. Six serine/threonine-rich motifs of S 
amino acids are noted, however (Figs. 1, 2). 
Also, the striking 23-glutaniine residue repeat 
of the BelŁm strain Pv200 protein was not 
present in the sequence encoded by our cloned 
gene, but rather, was replaced by a 35-amino 
acid residue stretch that contained only 6 

SIiflrin  IMP 1ncA I 

glutamine residues. This, together with several 
other smaller insertions and deletions accounts 
for the larger size of the Sal-I Pv200 precursor 
over that of the 1726 amino acid Pv200 
precursor from the BelŁm strain. Despite this 
size difference, the two Pv200 precursors are 
relatively well conserved, with an overall 
amino acid sequence identity of 81 %. As with 
the major merozoite surface antigens from all 
Plasmodium species that have been studied 
thus far, this intra-species homology could be 
divided into areas of the protein of relatively 

Fig. 2. Composite DNA sequence of a 5.83-kb NàI 
fragment containing the Pv200 coding sequence The 1751-
amino acid large open reading frame is shown with 
proposed amino-terminal signal and cerboxy-terminal 
membrane-spanning sequences underlined. Also under. 
lined, arc 13 asparagine residues that are potential sites for 
glycosylation. A 30-amino acid sctincjthreoninc-rich 
region between amino acids 241 and 270 that contains 6 
copies of the S amino acid repeat motif G.S.(S/T).(N/S/ 
G).(S/T) Is also noted (double arrow). A potential 
proteolytic cleavage site (see tert) after amino acid 
� G1u1356 is arrowcd. 
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