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against the N- and C-termini of the Plasmodium
vivax MSP1 protein in endemic regions of Brazil
and Papua New Guinea using a multiplex assay
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Abstract

and the Spearman’s rank correlation.

predominantly recognizing PvMSP1 in PNG.

against the merozoite surface protein 1 of P. vivax.

Background: Progress towards the development of a malaria vaccine against Plasmodium vivax, the most widely
distributed human malaria parasite, will require a better understanding of the immune responses that confer
clinical protection to patients in regions where malaria is endemic.

Methods: Glutathione S-transferase (GST) and GST-fusion proteins representing the N- terminus of the merozoite
surface protein 1 of P. vivax, PvMSP1-N, and the C-terminus, PvMSP1-C, were covalently coupled to BioPlex
carboxylated beads. Recombinant proteins and coupled beads were used, respectively, in ELISA and Bioplex assays
using immune sera of P. vivax patients from Brazil and PNG to determine IgG and subclass responses.
Concordances between the two methods in the seropositivity responses were evaluated using the Kappa statistic

Results: The results using this methodology were compared with the classical microtitre enzyme-linked
immnosorbent assay (ELISA), showing that the assay was sensitive, reproducible and had good concordance with
ELISA; yet, further research into different statistical analyses seems desirable before claiming conclusive results
exclusively based on multiplex assays. As expected, results demonstrated that PvMSP1 was immunogenic in natural
infections of patients from different endemic regions of Brazil and Papua New Guinea (PNG), and that age
correlated only with antibodies against the C-terminus part of the molecule. Furthermore, the IgG subclass profiles
were different in these endemic regions having IgG3 predominantly recognizing PvMSP1 in Brazil and IgG1

Conclusions: This study validates the use of the multiplex assay to measure naturally-acquired IgG antibodies

Background

Plasmodium vivax is the most widely distributed human
malaria parasite and responsible for 100-300 million
clinical cases each year including severe disease and
death [1]. Studies on naturally acquired immune
responses against different P. vivax antigens, including,
among others, merozoite surface antigens, Dufty-binding
protein, circumsporozoite surface protein, apical
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membrane 1, have demonstrated their immunogenicity
in natural infections [2-6]. In addition, some of these
studies have also demonstrated differences in acquisi-
tiuon of IgG subclasses against particular antigens. The
association of clinical protection with specific antigens
of P. vivax, however, has been reported in only two pro-
spective cohort longitudinal studies [7,8]. In the first,
clinical protection was associated with IgG3 antibodies
against the N-terminus of the merozoite surface protein
1 (PvMSP1) in residents of the Brazilian Amazon region
of Portuchuelo [7]. In the second, clinical protection
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was reported in children from Papua New Guinea [8].
This latter study used a functional assay on naturally-
acquired binding inhibitory antibodies against the Duffy-
binding protein region II (PvDBPII) to demonstrate the
association of these antibodies with protection against P.
vivax infection.

Antibodies in these studies were measured using the
ELISA assay [9], a technique requiring high amounts of
coating-antigens and immune sera when large numbers
of samples must be screened. To overcome these limita-
tions, suspension array technologies with high-through-
put capacity to simultaneously analyse several proteins
with minimal amount of immune sera have been devel-
oped [10]. Recently, these methodologies have been
reported to measure antibodies to multiple malaria vac-
cine candidate antigens [11], to measure simultaneously
antibody recognition of twenty eight Plasmodium falci-
parum erythrocyte membrane protein 1 (PfEMP1)
domains [12], and to develop a high throughput func-
tional assay to study binding of ICAM1 to the 3D7
strain PfEMP1 repertoire [13].

The aim of this study was to measure naturally
acquired IgG anti-PvMSP1 antibodies in human patients
infected with P. vivax from different endemic regions of
Brazil and Papua New Guinea through implementation
and validation of the BioPlex suspension array system.

Methods

Human samples and study areas

Human plasma samples were obtained from different
endemic areas of Brazil and PNG and one control group
from a non-endemic region. One group comprised 87
adults who participated of a cross-sectional survey at
riverine communities from Rio Machado in the Brazilian
Amazon [14]. The other group consisted of 122 children
from Madang and Maprik in Papua New Guinea who
presented to local Health Centers (with a median age of
30.5 months and age range from three to 72 months).
One hundred human plasma samples were used to ana-
lyse the concordance between the BioPlex assay and
ELISA. The remaining samples were used to measure
IgG isotypes. Control subjects consisted of 16 healthy
adult volunteers living in the city of Barcelona (Spain)
that never have been exposed to malaria or visited
malaria endemic regions. These studies received the
ethical approval of Local Institutional Reviewing Boards.

Recombinant antigens

Glutathione S-transferase (GST) and GST-fusion pro-
teins representing the N- terminus, PvMSP1-N, and the
C-terminus, PvMSP1-C, have already been described
[2,15]. GST and GST-fusion proteins were purified on
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glutathione-Sepharose 4B (GE healthcare), and protein
concentration was determined by Bradford assay (Bio-
Rad).

Covalent coupling of recombinant proteins to beads
BioPlex carboxylated beads (Bio-Rad) were covalently
coated with the different recombinant proteins following
the manufacturer’s instructions (BioPlex Amine Cou-
pling Kit). Briefly, activated beads (1.25 x 10° beads/ml)
were resuspended in 100 pl of PBS and 1 pg of each
recombinant protein used per coupling reaction. Incuba-
tion under rotation was done at 4°C overnight and
coupled beads were washed with 500 pl of PBS pH 7.4.
After re-suspending coupling beads in 250 pl of block-
ing buffer and further incubation under rotation at
room temperature for 30 min, beads were washed with
500 pl of storage buffer and centrifuged for six minutes
at 14,000 x g. Pellets were ressuspended into 125 pl of
the same buffer and stored at 4°C protected from light
until use.

Analysis of coupled beads on the BioPlex system
Coupled beads were analysed as described in Cham et al
[12] with modifications. Briefly, aliquots of 50 pl, corre-
sponding to 5,000 coated beads were used for each assay.
Frozen plasma samples were thawed at room tempera-
ture, diluted 1:50 in assay buffer and 50 pl aliquots added
to the beads (final plasma dilution 1:100). Aliquots of 50
ul of Biotinylated human IgG antibody (Sigma) diluted
1:7,500 and of phycoerythrin conjugated streptavidin
diluted to 2 pg/ml were used in subsequent incubations.
Beads were re-suspended in 125 pl of assay buffer
(BioRad) and analysed on the BioPlex100 system and
results were expressed as median fluorescent intensity
(MFI). The BioPlex assay to detect IgG subclasses was
performed as described previously using specific biotiny-
lated human IgG isotypes (Sigma) diluted 1:5,000 in
assay buffer. Specifically, monoclonal anti-human IgG1
clone 8¢/6-39, monoclonal anti-human IgG2 clone HP-
6014, monoclonal anti-human IgG3 clone HP-6050 and
monoclonal anti-human IgG4 clone HP-6025 were used.

Enzyme-linked immunosorbent assay (ELISA)

Human IgG antibodies against GST and GST-PvMSP1
tags were detected by ELISA as described [2]. Plates
were coated with 100 ng/well of each protein. The
ODy9, values to each recombinant protein were
obtained by subtracting the OD492 values of the same
serum to GST alone. Cut-off points were set at three
standard deviations above the mean OD,, of sera from
16 individuals, unexposed to malaria, from the city of
Barcelona.
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Statistical analysis

Non-parametric test (Fisher exact and Wilcoxon Rank
Sum) were carried out to test differences with response
variable when appropriate. Univariate and multivariate
logistic regression were adjusted to analyse the relation-
ship on the seropositivity of PvMSP1-C or PvMSP1-N
measured by ELISA or BioPlex techniques. Correlation
among variables was evaluated with Spearman’s rank
correlation.

Concordances between the two methods in the sero-
positivity responses were evaluated using the Kappa sta-
tistic. Good agreement was defined as kappa-value > 0.6,
according to [16]. All the tests were performed using a
two-sided significance level of 0.05. The analysis was
performed using STATA version 9.2 (StataCorp., Col-
lege Station, TX, USA).

Results

Concordance between the BioPlex assay and ELISA

Three recombinant proteins corresponding to GST and
GST-fused to the N- and C-termini of PvMSP1 were used
for this analysis. Plasma samples from 87 adults from Bra-
zil as well as from 100 children from PNG were tested at
1:100 dilutions to measure total IgG antibodies. Concor-
dance between the BioPlex and ELISA assays was evalu-
ated using the Kappa statistics. Kappa values presented
good agreement for the samples from Madang and for
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both recombinant proteins, PvMSP1-N (Kappa = 0.638
and total agreement = 83%) and PvMSP1-C (Kappa =
0.758 and total agreement = 88%) (Figure 1). The concor-
dance of both techniques using sera from Rio Machado
was lower for both molecules, PvMSP1-N (Kappa = 0.163
and total agreement = 78%) and PvMSP1-C (Kappa =
0.366 and total agreement = 72%) (Figure 1).

Concordance between BioPlex and ELISA assay was
also evaluated with Spearman’s rank correlation (Figure
2). The Spearman’s rank correlation coefficients (Rho)
for the samples from Madang were respectively 80.5%
and 86.8% for PvMSP1-N and PvMSP1-C. The Spear-
man’s rank correlation coefficients (Rho) for the samples
from Rio Machado was lower for PvMSP1-N with a Rho
= 34.4%, and for PvMSP1-C with a Rho = 71.8%. In
spite of these different values, correlations were signifi-
cant (p = 0.005) for all comparisons.

Detection of total IgG antibodies to PvMSP1 by BioPlex
assay and association with risk factors

Percentage of individuals from Madang and Rio
Machado containing naturally-acquired IgG antibodies
against PvMSP1 are presented in Table 1. IgG antibo-
dies to PvMSP1-N and PvMSP1-C were detected,
respectively, in 31 (31%) and 52 (52%) (Madang) and
77 (89%) and 70 (80%) (Rio Machado). When groups
were divided into symptomatic, asymptomatic and

Agreement between BioPlex and ELISA
(Madang) PvMSP1-N

14%

Agreement between BioPlex and ELISA
(Madang) PvMSP1-C

o
% 3%

36%) 04

Agreement between BioPlex and ELISA
(Rio Machado) PvMSP1-N

14%

Agreement between BioPlex and ELISA
(Rio Machado) PvMSP1-C

E 1. BioPlexELISA agreementfor+/+,

W 2. BioPlex/ELISA agreementfor -/-
M 3. BioPlexELISA disagreementfor -/+,[ | 4. BioPlexXELISA disagreementfor +/-

Figure 1 Diagram representing the concordance between BioPlex and ELISA assays.
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non-infected individuals (defined as subjects with no
symptoms, negative microscopy and/or negative PCR),
15/50 (30%) and 8/9 (89%) of symptomatic patients
from Madang and Rio Machado contained, respec-
tively, anti-PvMSP1-N antibodies whereas 28/50 (56%)
from Madang and 9/9 (100%) from Rio Machado
reacted against PvMSP1-C. Furthermore, 7/20 (35%)
and 38/42 (90%) of asymptomatic patients from
Madang and Rio Machado recognized, respectively,

Table 1 Percentage of individuals positive for IgG
antibodies to PvMSP1 N- and C-termini in samples from
PNG (Madang) and Brazil (Rio Machado) obtained by
BioPlex assay.

Samples from Madang Samples from Rio

n =100 Machado
n =87
Rec. protein Classification Classification
PVMSP1-N 31 (31%) S 15/50 (30%) 77 (89%) S 8/9 (89%)
AS 7/20 (35%) AS 38/42 (90%)
N.I. 9/30 (30%) N.I. 31/36 (86%)
PVMSP-C 52 (52%) S 28/50 (56%) 70 (80%) S 9/9 (100%)

AS 12/20 (60%)
N.I. 12/30 (40%)

AS 30/42 (71%)
N.I 31/36 (86%)

S (symptomatic patients), AS (asymptomatic patients), N.I. (not infected).

PvMSP1-N whereas 12/20 (60%) and 30/42 (71%)
reacted against PvMSP1-C. Of importance, a high
number of non-infected patients, 9/30 (30%) from
Madang and 31/36 (86%) from Rio Machado contained
specific anti-PvMSP1-N antibodies and 12/30 (40%)
from PNG and 31/36 (86%) from Rio Machado antibo-
dies against PvMSP1-C.

Univariate and multivariate logistic regressions analy-
sis showed that, excepting for age, no other variable was
significantly associated with anti-PvMSP1 antibodies
(Table 2). Interestingly, age was only associated with
antibodies against the C-terminus but not the N-termi-
nus in both areas. Moreover, in Rio Machado the asso-
ciation was observed in older people (positive
individuals mean age = 32 years, negative individuals
mean age = 23 years), whereas in PNG was observed in
younger children (positive individuals mean age = 27
months; negative individuals mean age = 37 months).

Prevalence of IgG subclasses

To analyse the IgG subclass antibody responses to
PvMSP1, 42 plasma samples from Brazil and 42 from
PNG were selected. Samples from Brazil included
asymptomatic patients (29/42) as previous results had
already investigated their IgG isotype profiles [7].
Remaining samples from Brazil and PNG were randomly
chosen. Results demonstrated that children from PNG
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Table 2 Results of the multilevel logistic regression model showing different variables and their association with IgG
antibodies to PvMSP1 N- and C- termini in samples from Brazil (Rio Machado) and Papua New Guinea (Madang).

Samples from Rio Machado

Samples from Madang

Variable OR 95%ClI

p-value OR

95%ClI p-value

PvMSP N-terminus

Classification

Non infected 1
(0.13-12.66)
(0.38-6.20)

Symptomatic 1.29

Asymptomatic 1.53
Sex

Female 1

Male 0.26
Age (years)

(0.05-1.27)

Unit increment 1.04 (0.99-1.10)

PvMSP1C-terminus

Classification
Non infected 1
Asymptomatic 040
Symptomatic
Sex
Female 1
Male 1.65
Age

(0.60-4.55)

Unit increment 1.04 (1.00-1.08)

0.835 1.26

(0.13-1.28) 1.24

0.046 0.97

1 (1.00-1.08)
1.00 (0.37-2.69)

(0.38-4.20) 0911

0.09 nd

(0.98-1.03) 0.607

1.91 (0.76-4.79)

2.25 (0.71-7.14) 0.283

0.336 nd

(0.95-0.99) 0.013

contained predominantly IgG1 antibodies to PvMSP1-C
(82%) and lower percentages of IgG3 and IgG4 (close to
40%) to both N- and C-termini of PvMSP1 (Figure 3A),
whereas adults from Brazil contained predominantly
IgG3 antibodies to the N- and C-termini of PvMSP1
(close to 60%) (Figure 3B). None of the variables studied
was significantly associated with any one particular IgG
isotype.

Discussion

The use of multiplex assays has not been reported for P.
vivax antigens and, therefore, a comparison of the Bio-
Plex assay values with those obtained by ELISA was
initially made to determine the concordance and corre-
lation of these techniques. To do so, two different statis-
tics, the Kappa statistics and the Spearman’s rank
correlation test, were used. Kappa Statistics has been
proposed as the most appropriate method when the
same parameter with two similar techniques is com-
pared [16]. The coefficient correlation tests, such as
Spearman’s rank correlation or Pearson correlation, has
been used to validate multiplex assays in P. falciparum
and other diseases [11,12,17]. Using Kappa statistics, a
good agreement, with significant values, was obtained

for both recombinant proteins with the samples from
PNG. In contrast, even if the agreement of the results
obtained from Brazil was above 70%, Kappa values were
not significant. Most of the discrepancy, however, was
the result of samples slightly positive by BioPlex and
negative by ELISA. In addition, the Spearman’s rank
correlation test demonstrated significant correlations for
all comparisons (Figure 2). As this correlation has been
used to validate the use of multiplex assays in P. falci-
parum and other diseases, the data from Brazil remain
meaningful; yet, it also argues that further research into
different statistical analyses is desirable before claiming
conclusive results exclusively based on multiplex assays.
Naturally-acquired IgG responses against PvMSP1
have demonstrated that a large proportion of individuals
expose to P. vivax contain IgG antibodies against differ-
ent regions of the molecule [15,18,19]. The results
obtained with the BioPlex assay with subjects from Bra-
zilian adults and PNG children confirm these findings
even though a lower overall response to PvMSP1 was
observed in PNG children (Table 1). Interestingly, non-
infected individuals (no symptoms, negative microscopy
and/or negative PCR) from both regions contained anti-
bodies against PvMSP1. This data indicate that anti-
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Figure 3 IgG subclass profiles against PvMSP1-N and PvMSP1-C. A. Percentage of IgG subclass responses in Madang/Maprik (PNG). B.

PvMSP1 antibodies are long-lived and/or that these
individuals presented a sub-patent parasitaemia, not
detected by microscopy or PCR, representing undetected
carriers. Both explanations have supporting evidence as
anti-PvMSP1 antibodies have been reported to last up-
to 30 years [20] and direct mosquito feeding of patients
with sub-patent vivax infections have successfully trans-
mitted P. vivax to mosquitoes [21]. Determining their
frequencies will have implications for malaria control
programmes in these regions.

Studies on naturally acquired immunity in P. vivax in
PNG have shown that it is acquired in children below
nine years of age [22], while acquired immunity in Brazil

is only reached later, when closer to 15-20 years old in
native populations [7] and also in migrant adult working
populations [18]. Interestingly, age was significantly
associated with the response to PvMSP1-C and not to
PvMSP1-N in both regions; yet, in PNG this association
was mainly observed in younger children (positive indi-
viduals mean age = 27 months, negative individuals
mean age = 37 months) whereas in Brazil was observed
in older populations (positive individuals mean age = 32
years, negative individuals mean age = 23 years). Further
prospective studies with larger sample sizes are required
to determine the role, if any, of PvMSP1 in age-depen-
dent acquisition of immunity.
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This is the first study that uses the BioPlex system to
measure IgG subclasses in malaria. To validate its use,
sera from asymptomatic patients from Brazil were cho-
sen as previous studies had demonstrated that these
patients contained predominantly IgG3 antibodies
against PvMSP1-N [7]. As expected, IgG3 anti-PvMSP1-
N antibodies were the predominant isotype in asympto-
matic patients from Rio Machado. Remaining IgG pro-
files were very much in agreement with previous studies
using ELISA in which IgG1 and IgG3 cytophilic isotypes
are the predominant isotypes against PvMSP1 with low
or undetectable levels of IgG2 and IgG4 [19,23]. Inter-
estingly, IgG isotype profiles of PNG and Brazil were
different with a predominance of IgG1l antibodies
against PvMSP1 in PNG and a predominance of IgG3
antibodies against PvMSP1 in Brazil. Here again,
whether this result is due to the difference in the age
groups, remains to be determined in larger surveys from
these regions including all age-groups.

Conclusions

Several studies on naturally acquired IgG responses
against different P. vivax antigens have been described
using the ELISA assay. The BioPlex assay described and
validated here is the first to measure naturally acquired
humoral IgG antibody responses against a P. vivax anti-
gen and the first one to study IgG subclasses in malaria.
These studies compared the naturally acquired humoral
IgG responses against PvMSP1 in different endemic
regions of Brazil and PNG. Results demonstrated differ-
ences in percentage of responders, differences between
the age correlating to responses and differences on iso-
type profiles. Whether these differences are due to the
limited power of this study, which was mainly designed
to validate the use of the multiplex assay for PvMSP1,
or to real differences in the immunoepidemiology of P.
vivax in these endemic regions, is presently under inves-
tigation. Most relevant, prospective comparative longitu-
dinal cohort studies in endemic different regions using
the BioPlex assay can now be envisaged to look for asso-
ciations against infection and clinical protection having
clear implications in antigen discovery and vaccine
development for P. vivax.

Acknowledgements

We are particularly grateful to all the patients and healthy volunteers that
participated of this study. Studies in PNG and Brazil received ethical approval
from local Institutional Reviewing Boards. Work in the laboratory of HAP is
funded by the Fundacién Privada CELLEX (Catalonia, Spain).

Author details

'Barcelona Centre for International Health Research (CRESIB), Hospital Clinic/
IDIBAPS, Universitat de Barcelona, Rosello 132, 08036 Barcelona, Spain.
’Papua New Guinea Institute of Medical Research, Madang MP511, Papua
New Guinea. 3Infection and Immunity Division, Walter and Eliza Hall Institute
of Medical Research, 1G Royal Parade, Parkville, Australia. 4Departamento de

Page 7 of 8

Parasitologia, Instituto de Ciencias Biomedicas, Universidade de S&o Paulo,
Sao Paulo, Brazl. °Institucio Catalana de Recerca | Estudis Avancats (ICREA),
Barcelona, Spain.

Authors’ contributions

CFB produced recombinant proteins and implemented the BioPlex assay. MB
performed ELISA assays. SS and FA performed the statistical analysis. EPC &
FA provided samples from Rio Machado. DS provided samples from PNG.
DS, FA, PLA and IM critically read the manuscript. CFB and HAP conceived
this study and drafted the manuscript. All authors’ read and approved the
final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 29 June 2009
Accepted: 21 January 2010 Published: 21 January 2010

References

1. Mueller |, Galinski MR, Baird JK, Carlton JM, Kochar DK, Alonso PL, del
Portillo HA: Key gaps in the knowledge of Plasmodium vivax, a neglected
human malaria parasite. Lancet Infect Dis 2009, 9:555-566.

2. Levitus G, Mertens F, Speranca MA, Camargo LM, Ferreira MU, del
Portillo HA: Characterization of naturally acquired human IgG responses
against the N-terminal region of the merozoite surface protein 1 of
Plasmodium vivax. Am J Trop Med Hyg 1994, 51:68-76.

3. Xainli J, Cole-Tobian JL, Baisor M, Kastens W, Bockarie M, Yazdani SS,
Chitnis CE, Adams JH, King CL: Epitope-specific humoral immunity to
Plasmodium vivax Duffy binding protein. Infect Immun 2003, 71:2508-2515.

4. Tran TM, Oliveira-Ferreira J, Moreno A, Santos F, Yazdani SS, Chitnis CE,
Altman JD, Meyer EV, Barnwell JW, Galinski MR: Comparison of 1gG
reactivities to Plasmodium vivax merozoite invasion antigens in a
Brazilian Amazon population. Am J Trop Med Hyg 2005, 73:244-255.

5. Wang R, Arevalo-Herrera M, Gardner MJ, Bonelo A, Carlton JM, Gomez A,
Vera O, Soto L, Vergara J, Bidwell SL, Domingo A, Fraser CM, Herrera S:
Immune responses to Plasmodium vivax pre-erythrocytic stage antigens
in naturally exposed Duffy-negative humans: a potential model for
identification of liver-stage antigens. Eur J Immunol 2005, 35:1859-1868.

6.  Barbedo MB, Ricci R, Jimenez MC, Cunha MG, Yazdani SS, Chitnis CE,
Rodrigues MM, Soares IS: Comparative recognition by human IgG
antibodies of recombinant proteins representing three asexual
erythrocytic stage vaccine candidates of Plasmodium vivax. Mem Inst
Oswaldo 2007, 102:335-339.

7. Nogueira PA, Alves FP, Fernandez-Becerra C, Pein O, Santos NR, Pereira da
Silva LH, Camargo EP, del Portillo HA: A reduced risk of infection with
Plasmodium vivax and clinical protection against malaria are associated
with antibodies against the N terminus but not the C terminus of
merozoite surface protein 1. Infect Immun 2006, 74:2726-2733.

8. King CL, Michon P, Shakri AR, Marcotty A, Stanisic D, Zimmerman PA, Cole-
Tobian JL, Mueller I, Chitnis CE: Naturally acquired Duffy-binding protein-
specific binding inhibitory antibodies confer protection from blood-
stage Plasmodium vivax infection. Proc Natl Acad Sci USA 2008,
105:8363-8368.

9. Guilbert B, Dighiero G, Avrameas S: Naturally occurring antibodies against
nine common antigens in human sera. I. Detection, isolation and
characterization. J Immunol 1982, 128:2779-2787.

10.  Seideman J, Peritt D: A novel monoclonal antibody screening method
using the Luminex-100 microsphere system. J Immunol Methods 2002,
267:165-171.

11. Fouda GG, Leke RF, Long C, Druilhe P, Zhou A, Taylor DW, Johnson AH:
Multiplex assay for simultaneous measurement of antibodies to multiple
Plasmodium falciparum antigens. Clin Vaccine Immunol 2006, 13:1307-1313.

12. Cham GK, Kurtis J, Lusingu J, Theander TG, Jensen AT, Turner L: A semi-
automated multiplex high-throughput assay for measuring IgG
antibodies against Plasmodium falciparum erythrocyte membrane
protein 1 (PfEMP1) domains in small volumes of plasma. Malar J 2008,
7:108.

13. Oleinikov AV, Amos E, Frye IT, Rossnagle E, Mutabingwa TK;, Fried M,

Duffy PE: High throughput functional assays of the variant antigen
PfEMP1 reveal a single domain in the 3D7 Plasmodium falciparum


http://www.ncbi.nlm.nih.gov/pubmed/19695492?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19695492?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8059917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8059917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8059917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12704122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12704122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16103583?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16103583?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16103583?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15864779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15864779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15864779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16622209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16622209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16622209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16622209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18523022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18523022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18523022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6176652?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6176652?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6176652?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12165438?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12165438?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17035513?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17035513?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18549480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18549480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18549480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18549480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19381252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19381252?dopt=Abstract

Fernandez-Becerra et al. Malaria Journal 2010, 9:29 Page 8 of 8
http://www.malariajournal.com/content/9/1/29

genome that binds ICAM1 with high affinity and is targeted by naturally
acquired neutralizing antibodies. PLoS Pathog 2009, 5:21000386.

14.  Alves FP, Durlacher RR, Menezes MJ, Krieger H, Silva LH, Camargo EP: High
prevalence of asymptomatic Plasmodium vivax and Plasmodium
falciparum infections in native Amazonian populations. Am J Trop Med
Hyg 2002, 66:641-648.

15. Soares IS, Levitus G, Souza JM, Del Portillo HA, Rodrigues MM: Acquired
immune responses to the N- and C-terminal regions of Plasmodium
vivax merozoite surface protein 1 in individuals exposed to malaria.
Infect Immun 1997, 65:1606-1614.

16. Koch GG, Landis JR, Freeman JL, Freeman DH Jr, Lehnen RC: A general
methodology for the analysis of experiments with repeated
measurement of categorical data. Biometrics 1977, 33:133-158.

17. Biagini RE, Sammons DL, Smith JP, MacKenzie BA, Striley CA, Semenova V,
Steward-Clark E, Stamey K, Freeman AE, Quinn CP, Snawder JE: Comparison
of a multiplexed fluorescent covalent microsphere immunoassay and an
enzyme-linked immunosorbent assay for measurement of human
immunoglobulin G antibodies to anthrax toxins. Clin Diagn Lab Immunol
2004, 11:50-55.

18. Soares IS, da Cunha MG, Silva MN, Souza JM, Del Portillo HA,

Rodrigues MM: Longevity of naturally acquired antibody responses to
the N- and C-terminal regions of Plasmodium vivax merozoite surface
protein 1. Am J Trop Med Hyg 1999, 60:357-363.

19. Morais CG, Soares IS, Carvalho LH, Fontes CJ, Krettli AU, Braga EM: IgG
isotype to C-terminal 19 kDa of Plasmodium vivax merozoite surface
protein 1 among subjects with different levels of exposure to malaria in
Brazil. Parasitol Res 2005, 95:420-426.

20. Lim KJ, Park JW, Yeom JS, Lee YH, Yoo SB, Oh JH, Sohn MJ, Bahk YY,

Kim YS: Humoral responses against the C-terminal region of merozoite
surface protein 1 can be remembered for more than 30 years in
persons exposed to Plasmodium vivax. Parasitol Res 2004, 92:384-389.

21, Alves FP, Gil LH, Marrelli MT, Ribolla PE, Camargo EP, Da Silva LH:
Asymptomatic carriers of Plasmodium spp. as infection source for
malaria vector mosquitoes in the Brazilian Amazon. J Med Entomol 2005,
42:777-779.

22. Michon P, Cole-Tobian JL, Dabod E, Schoepflin S, Igu J, Susapu M,
Tarongka N, Zimmerman PA, Reeder JC, Beeson JG, Schofield L, King CL,
Mueller I: The risk of malarial infections and disease in Papua New
Guinean children. Am J Trop Med Hyg 2007, 76:997-1008.

23, Wickramarachchi T, llleperuma RJ, Perera L, Bandara S, Holm |, Longacre S,
Handunnetti SM, Udagama-Randeniya PV: Comparison of naturally
acquired antibody responses against the C-terminal processing products
of Plasmodium vivax Merozoite Surface Protein-1 under low transmission
and unstable malaria conditions in Sri Lanka. Int J Parasitol 2007,
37:199-208.

doi:10.1186/1475-2875-9-29

Cite this article as: Fernandez-Becerra et al: Naturally-acquired humoral
immune responses against the N- and C-termini of the Plasmodium
vivax MSP1 protein in endemic regions of Brazil and Papua New Guinea
using a multiplex assay. Malaria Journal 2010 9:29.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVied Central



http://www.ncbi.nlm.nih.gov/pubmed/19381252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19381252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12224567?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12224567?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12224567?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9125537?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9125537?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9125537?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/843570?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/843570?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/843570?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14715544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14715544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14715544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14715544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10466961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10466961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10466961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15759156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15759156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15759156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15759156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14745545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14745545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14745545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16363160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16363160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17556601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17556601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17055511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17055511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17055511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17055511?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Human samples and study areas
	Recombinant antigens
	Covalent coupling of recombinant proteins to beads
	Analysis of coupled beads on the BioPlex system
	Enzyme-linked immunosorbent assay (ELISA)
	Statistical analysis

	Results
	Concordance between the BioPlex assay and ELISA
	Detection of total IgG antibodies to PvMSP1 by BioPlex assay and association with risk factors
	Prevalence of IgG subclasses

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

