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Abstract

The target molecules of antibodies against falciparum malaria remain largely unknown. Recently 

we have identified multiple proteins as targets of immunity against Plasmodium falciparum using 

African serum samples. To investigate whether potential targets of clinical immunity differ with 

transmission intensity, we assessed immune responses in residents of low malaria transmission 

region in Thailand. Malaria asymptomatic volunteers (Asy: n = 19) and symptomatic patients 

(Sym: n = 21) were enrolled into the study. Serum immunoreactivity to 186 wheat germ cell-free 

system (WGCFS)-synthesized recombinant P. falciparum asexual-blood stage proteins were 

determined by AlphaScreen, and subsequently compared between the study groups. Forty proteins 

were determined as immunoreactive with antibody responses to 35 proteins being higher in Asy 

group than in Sym group. Among the 35 proteins, antibodies to MSP3, MSPDBL1, RH2b, and 

MSP7 were significantly higher in Asy than Sym (unadjusted p < 0.005) suggesting these antigens 

may have a protective role in clinical malaria. MSP3 reactivity remained significantly different 

between Asy and Sym groups even after multiple comparison adjustments (adjusted p = 0.033). 
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Interestingly, while our two preceding studies using African sera were conducted differently (e.g., 

cross-sectional vs. longitudinal design, observed clinical manifestation vs. functional activity), 

those studies similarly identified MSP3 and MSPDBL1 as potential targets of protective immunity. 

This study further provides a strong rationale for the application of WGCFS-based 

immunoprofiling to malaria vaccine candidate and biomarker discovery even in low or reduced 

malaria transmission settings.
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1. Introduction

Malaria remains a global health problem in the tropical and subtropical region of the world. 

An estimated 212 million cases of malaria occur annually with 429,000 deaths reported in 

2015 [1]. Malaria control efforts, such as long-lasting insecticidal nets, indoor residual 

spraying and expanding access to the artemisinin-based combination therapies, are 

undoubtedly effective [1]. However, the recent spread of parasite resistance to artemisinins 

and mosquito resistance to insecticides may instigate a reversion of the positive trend [1,2]. 

One promising complementary measure is vaccination. However, a sole phase 3 clinical trial 

of a leading malaria vaccine, RTS,S/AS01, showed moderate efficacy [3]. Moreover, malaria 

vaccine development efforts to date have yielded only a handful of vaccine candidates, with 

few that progressed to clinical trials having no or marginal efficacies [4] [as reviewed in [5]]. 

The major challenge for the identification of novel vaccine candidates remains to be poor 

understanding of the Plasmodium falciparum antigens that are targets of naturally acquired 

protective immunity.

Although studies in malaria endemic regions clearly show that protective immunity, at least 

for clinical malaria, can be developed in individuals exposed to repeated P. falciparum 
infections [6], the mechanism of this protective immunity remains largely unknown. 

However, antibodies are key in protection against high parasitemia and clinical malaria, as 

demonstrated by passive-transfer studies in humans [7,8]. Therefore, there is an urgent need 

to objectively profile antibody responses against P. falciparum antigens for deeper 

understanding of the mechanism of acquired immunity as well as identification of novel 

vaccine candidates.

To identify the key targets of protective immunity, population-based immuno-

epidemiological studies have of recent been employed to establish temporal associations 

between antibody profiles and subsequent clinical outcome [9–14]. In these studies, 

recombinant plasmodia proteins expressed using in vitro bacterial translation systems and 

printed on microarray chip were probed with sera obtained from malaria-exposed 

individuals [10,11]. Using these approaches, several antigens were identified as potential 

vaccine candidates. However, the major limitation of this strategy is the possibility of 

proteins expressed by the bacterial expression systems not attaining natural conformations 

[15,16]. On the other hand, only few proteins expressed by eukaryotic expression system 
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have been profiled against natural immunity [9,12]. Importantly, we have recently 

demonstrated that wheat germ cell-free system (WGCFS), a robust eukaryotic alternative to 

express plasmodial proteins, overcomes these limitations [17,18]. It has been shown that 

animal antibodies raised against multiple WGCFS-synthesized recombinant proteins 

recognize their respective native proteins and have parasite growth-inhibition activity in vitro 

[19]. The recombinant proteins also strongly react with sera obtained from individuals 

exposed to P. falciparum [reviewed in [19]]. These data clearly shows that the proteins are to 

a great extent correctly folded and can be considered as representative of native proteins 

[19]. We thus, in our previous study, created a WGCFS-synthesized protein library 

consisting of 1827 recombinant proteins, representing ~ 35% of the P. falciparum proteome. 

A 12-month prospective study conducted in a malaria high-endemic area in Uganda, where 

entomological inoculation rate (EIR) of > 100 infective bites/year, identified antibody 

responses against 53 proteins, which are natively expressed mainly in asexual-blood and 

sporozoite stages, significantly associated with protection from clinical malaria [20]. With 

decreasing malaria transmission and as we gear towards malaria elimination, it is of great 

importance to understand whether targets of protective immunity against falciparum malaria 

are similar with those in low transmission areas such as in South East Asia 

(www.aplma.org).

In the current study, we attempted to identify P. falciparum asexual-blood stage proteins that 

are potential targets of antibodies associated with clinical protection in western Thailand; a 

region of low malaria endemicity where EIR of 1–3 infective bites/year [21]. Antibody 

levels to 186 WGCFS-synthesized recombinant proteins were determined by a high-

throughput AlphaScreen method [22]. Antibody responses to 35 proteins in asymptomatic 

(Asy) group were significantly higher than those in symptomatic (Sym) group. This study 

further provides a strong rationale for the application of WGCFS-based immunoprofiling 

approach to malaria vaccine candidate discovery even in regions of low malaria endemicity.

2. Materials and methods

2.1. Parasite culture, total RNA isolation, and cDNA preparation

P. falciparum asexual stage parasite (3D7) was maintained in vitro according to Trager-

Jensen method [23] using healthy human erythrocytes (blood group O +) obtained from the 

Japanese Red Cross Society, supplemented with 5% heat-inactivated human plasma and 

0.5% AlbuMAX™ I (Thermo Scientific, Waltham, MA) in an atmosphere of 5% O2, 5% 

CO2, and 90% N2. Total RNA was extracted from frozen infected RBC (iRBC) pellet rich in 

late-trophozoite and schizont by TRIzol™ reagent (Invitrogen, Carlsbad, CA) and then 

treated with DNase I (Invitrogen) at 37 °C for 15 min. cDNA was generated with random 

hexamers by using Superscript III™ (Invitrogen) at 25 °C for 10 min followed by at 50 °C 

for 50 min and at 85 °C for 5 min.

2.2. In silico gene selection and cDNA cloning

We selected a set of P. falciparum genes from the malaria genome database (PlasmoDB; 

http://plasmodb.org/plasmo/) which are expressed either (1) at least twice as much in 

schizont than in trophozoite at the level of transcription [24–26], or (2) exclusively at the 
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merozoite stage [27]. The resulting list of ~ 200 genes was narrowed down to 192 based on 

ascending molecular size (< 5.9 kbp, Table S1). To create a cDNA library, 5′ primers were 

designed as 46-mers: 16-mer Sl-tag sequence followed by a 30-mer of unique sequence 

covering each 5′ open reading frame containing the start codon [28]. For the 3′ primers, 

30-mer nucleotide sequences covering each unique sequence upstream of the termination 

codon were prepared. The cDNA PCR amplification was performed with Phusion™ High-

Fidelity DNA Polymerase (Thermo Scientific). The PCR products were then cloned into the 

pCR™2.1 plasmid using a TOPO TA cloning kit (Invitrogen), and their nucleotide 

sequences were confirmed by sequencing both 5′ and 3′ ends. Finally, we obtained 186 

cDNA clones with cloning of the remaining 6 cDNA being unsuccessful.

2.3. Construction of P. falciparum biotinylated protein library using WGCFS

Transcription templates were prepared by amplification of the P. falciparum cDNA clones by 

a two-step split-primer method as previously described [22,28]. Briefly, the first PCR was 

conducted with 10 nM of the following primers: sense primer corresponding to the S1-tag 

followed by a start codon: S1-ATG; 5′-CCACCCACCACCACCAATG-3′, and antisense 

primers corresponding to the vector (pCR™2.1, Invitrogen) sequence: 1931A; 5′-

CGGCCACAGTCGATGAATCC-3′ or 221 IS; S’-GCTGGTGAAAGTAAAAGATG-S’ 

depending on the orientation of each cDNA insert in the plasmid. The second PCR for 

transcription templates were constituted with 100 nM SPu: 5′-GCGTAGCATTTAGG 

TGACACT-3′, 1 nM deSP6E02bls-Sl: 5′-GGTGACACTATAGAACTCACC 

TATCTCTCTACACAAAACATTTCCCTACATACAACTTTCAACTTCCTAT 

TATGGGCCTGAACGACATCTTCGAGGCCCAGAAGATCGAGTGGCACGA 

ACTCCACCCACCACCACCAATG-3′ and 100 nM 1923A: 5′-GTCGATGA 

ATCCAGAAAAGC-3′, or 2214S: 5′-GGTGAAAGAAAAAGATGCTG-3′, depending on 

the orientation of each cDNA insert in the plasmid. With the “split-primer PCR” strategy, 

mono-biotin ligation site (bis) was inserted upstream of each cDNA for subsequent protein 

biotinylation. The WGCFS protocol was modified with addition of WGCFS-expressed crude 

BirA and 500 nM D-biotin (Nacalai Tesque, Kyoto, Japan) to the translation mixture for 

simultaneous biotinylation as described [22]. Consecutive in vitro transcription and 

translation by WGCFS was carried out using the GenDecoder1000 robotic protein 

synthesizer (Cell-Free Sciences, Matsuyama, Japan) as described [29]. Expression of each 

recombinant protein in the protein library was confirmed by separation on 12.5% SDS-

PAGE, stained with fluorescein avidin D (Vector Laboratories, Peterborough, U.K.) and 

scanned with Typhoon9400 imager at 488 nm laser excitation (GE Healthcare, Piscataway, 

NJ) [22]. The assembled P. falciparum protein library consisting of 186 proteins was used 

for detecting humoral immune responses without any purification.

2.4. Serum samples

The study was designed to compare antibody responses in serum samples of adults with 

asymptomatic P. falciparum malaria (Asy) on one hand and uncomplicated symptomatic P. 
falciparum malaria patients (Sym) on the other. Briefly, 19 serum samples were collected 

from Asy residents of Kong Mong Tha, Kanchanaburi Province, western Thailand in an 

active follow-up study from June 2001 to May 2005 [30]. Asymptomatic P. falciparum 
malaria was defined as having no reported fever (≤ 37.5 °C) at the time of serum collection 
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but with any parasitemia either by microscopy or nested PCR [30]. The study was approved 

by the Ethics Committee of the Thai Ministry of Public Health and the Institutional Review 

Board of the Walter Reed Army Institute of Research (WRAIR 802) [30]. Additional serum 

samples were obtained between May and June 2005 from 21 adults with uncomplicated 

symptomatic P. falciparum malaria (Sym) who were residents of Tak Province neighboring 

to Kanchanaburi Province, western Thailand. Of note, all the 21 Sym cases had had at least 

one confirmed and recorded falciparum malaria episode before the one corresponding to 

sample collection. Sym was defined as having fever (> 37.5 °C) at the time of sample 

collection with any parasitemia either by microscopy or nested PCR but without any 

manifestation of signs of complicated malaria based on the WHO guideline. Control subjects 

were 11 healthy malaria naive adult residents (Nor) in malaria-free Bangkok who had no 

history of travelling outside the region (and no medical history of malaria infection). This 

study with Sym and Nor groups, received ethical approval from the ethical review 

committees of the Faculty of Medicine, Ramathibodi Hospital, Mahidol University (ID: 

09-46-10). All the Asy and Sym samples (Table 1) were diagnosed as P. falciparum single 

species (mono) infection by PCR. All individuals enrolled in this study provided written 

informed consent. Protocol to use the serum samples in this study was also approved by the 

Institutional Review Boards of Ehime University Hospital, Japan.

2.5. Detecting humoral immune responses to P. falciparum proteins by AlphaScreen

AlphaScreen (amplified luminescent proximity homogeneous assay) was performed 

according to the manufacturer's protocol (PerkinElmer Life and Analytical Sciences, Boston, 

MA). Specifically, the reactions were carried out in a final volume of 19 μl in 384-well 

Optiwell microtiter plates (PerkinElmer). For the antigen-antibody reaction, 3 μl of each P. 
falciparum biotinylated protein was mixed with 6 μl of the human serum sample (described 

below) diluted 1:400 in the reaction buffer [100 mM Tris-HCl (pH 8.0), 0.01% (v/v) 

polyoxyethylene (20) sorbitan monolaurate (Wako Pure Chemical, Osaka, Japan, an 

equivalent of Tween-20) and 0.1% (w/v) bovine serum albumin (Wako)] and incubated at 

30 °C for 30 min. Subsequently, 10 μl of the detection mixture [12 μg/ml streptavidin-coated 

donor beads (PerkinElmer), 12 μg/ml protein G-conjugated acceptor beads (PerkinElmer) in 

the reaction buffer] was added and incubated at 26 °C for 1 h in a dark box. Fluorescence 

emission in the range of 580–620 nm was measured using Envision plate reader 

(PerkinElmer) with the 680-nm laser excitation. The data was captured by the AlphaScreen 

detection program and presented as AlphaScreen counts (ASC) (PerkinElmer). All antibody 

measurements were performed in replicates.

2.6. Enzyme-linked immunosorbent assay (ELISA)

Ninety-six-well ELISA plates were coated with 50 μl of the WGCFS-expressed crude MSP3 

protein diluted 1:50 in the coating buffer (20 mM boric acid, pH 8.9) in duplicate and 

incubated at 4 °C overnight. The plates were washed with phosphate-buffered saline with 

0.1% (v/v) Tween-20 (PBS-T) and then blocked with 2 mg/ml of gelatin in coating buffer for 

1 h at room temperature. Selected human serum samples (n = 20) were diluted at 1:600 in 

PBS-T, added to antigen-coated wells in duplicate, and incubated for 1 h at room 

temperature. After washing, the plates were incubated with 1:3000-diluted HRP-conjugated 

rabbit anti-human IgG (DakoCytomation, Glostrup, Denmark) in PBS-T for 1 h at room 

Sakamoto et al. Page 5

Parasitol Int. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



temperature. The plates were again washed with PBS-T followed by incubation with 0.5 

mg/ml azino-bis-3-ethylbenthiazoline-6-sulfonic acid (Wako) diluted in citrate buffer (0.1 M 

citric acid, pH 4.1) for 20 min at room temperature. The reaction was stopped with 0.1 M 

citric acid, and optical densities (ODs) were determined at 415 nm using precision 

microplate reader (Molecular Devices, Sunnyvale, CA).

2.7. Statistical analyses

All original ASC were log-transformed and the data from assay replicates normalized using 

the median of log-transformed ASC of all proteins. The arithmetic mean of normalized log-

transformed ASC (mASC) from two assays was calculated for each antibody-protein 

response. To determine background signal level, three negative control proteins (Non-M pro) 

were included in each plate: biotinylated non-malarial proteins - flowering locus T (FT) and 

dihydrofolate reductase (DHFR), and cell-free translation mixture without template mRNA 

(WGE). Background signal was then set as the average of log-transformed ASC of the three 

proteins. Malaria-specific response for each malaria protein, final value (fASC), was 

determined by subtracting the average background signal from the mASC. A protein with 

significantly higher fASC in Asy and Sym groups than in Nor group was defined as 

immunoreactive protein, and only immunoreactive proteins were subjected to further 

analysis. Welch's t-test was performed to compare fASC between Asy and Sym groups and 

Holm's corrections were applied for multiple comparison adjustments.

All statistical tests were performed by R (version 3.2.3) or Prism 6 (GraphPad Software Inc., 

La Jolla, CA) with probability value < 0.05 being considered significant.

3. Results

3.1. Characteristics of the malaria cases

Serum samples were obtained from adult volunteers in Thailand. As shown in Table 1, 

median age of the Asy and Sym groups were similar. However, gender was biased towards 

male for Sym (90% male) than in Asy group (63% male). Median parasitemia in Asy group 

was significantly lower than in Sym group; 0.003% (0.0006–0.202% range) and 0.6% 

(0.002–2.9% range) respectively (Mann Whitney U test, p < 0.0001).

3.2. Determination of immunoreactivity profiles to P. falciparum proteins

To compare antibody responses measured by conventional ELISA and high-throughput 

AlphaScreen system, randomly selected human serum samples (Asy; n = 13 and Sym; n = 7) 

were tested against P. falciparum MSP3; a representative of well-known blood-stage vaccine 

candidates. Fig. 1 clearly shows that original ASC values and ELISA OD values against 

MSP3 were significantly and positively correlated (Spearman r = 0.8266, p < 0.0001). The 

results demonstrated that AlphaScreen system could offer a better high-throughput approach 

to assessing antibody responses against multiple proteins in malaria-exposed individuals.

To identify which parasite proteins that are immunogenic in natural infection, we determined 

immunoreactivity of P. falciparum proteins to sera obtained from Asy, Sym, and Nor 

individuals. Of the 186 recombinant proteins synthesized by WGCFS and analyzed by 
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AlphaScreen system, antibody responses to 158 proteins were higher in malaria positive 

(Asy + Sym) group than in Nor group (Table S1; Y indicates Asy + Sym > Nor). Out of 

those 158, 40 proteins showed significantly higher fASC in Asy + Sym group than in Nor 

group (Table S1; Asy + Sym vs. Nor (Adjusted p): adjusted p-values for 158 comparisons), 

by this virtue, the 40 (21.5%) proteins were considered as immunoreactive (Fig. 2).

3.3. Identification of P. falciparum proteins associated with higher immunoreactivity in 
Asy than Sym

For the 40 immunoreactive proteins, fASC between Asy and Sym groups were compared to 

identify potential targets of clinical immunity. Out of the 40, 35 proteins had relatively 

higher median fASC in Asy than Sym. Four of the 35 proteins, namely; MSP3, MSPDBL1, 

RH2b, and MSP7, had significantly higher fASC in Asy than Sym group (unadjusted p < 

0.05 by Welch's t-tests, Table 2). However, only MSP3 remains statistically significant after 

adjusting for the multiple comparisons (n = 35, adjusted p = 0.0327). The distributions of 

fASC to the 4 selected antigens by individual serum sample in Asy, Sym, and Nor groups 

are shown in Fig. 3. All 4 (out of 40) selected antigens had predicted signal peptide (SP) 

and/or transmembrane domain(s) (TM) based on PlasmoDB (http://plasmodb.org/).

4. Discussion

We hereby attempted to identify P. falciparum asexual blood-stage proteins that are targets 

of humoral immunity against clinical malaria by analyzing serum samples obtained from 

Thailand; a region of low malaria endemicity. Immunoreactivities to 186 WGCFS-

synthesized recombinant proteins from a P. falciparum asexual blood-stage were determined 

by high-throughput AlphaScreen method [22]. Forty proteins were immunoreactive, and 

antibody responses against 35 proteins in Asy group were relatively higher than responses in 

Sym group. Among the 35, antibody responses to 4 proteins (MSP3, MSPDBL1, RH2b, and 

MSP7) were significantly higher in Asy than Sym individuals. With the study site, Kong 

Mong Tha in western Thailand, experiencing low but stable malaria transmission intensity, 

decreasing parasite densities with increasing age and preponderance of asymptomatic 

infections in the area was previously observed [30]. We therefore hypothesized that adults in 

Asy group had acquired some level of protective immunity against P. falciparum malaria. 

Thus, the results obtained here suggest that the 4 antigens are potential targets of protective 

humoral immunity and could be prospective malaria vaccine candidates. MSP3 was selected 

with significantly higher fASC in Asy than Sym group even after adjustment for multiple 

comparisons (adjusted p-value = 0.0327), with MSPDBL1 leaning towards significance 

threshold (adjusted p-value = 0.0613). This study therefore, further strengthens the 

usefulness of WGCFS-based immunoprofiling approach to malaria vaccine candidate 

discovery even in the low endemic settings.

This being a proof-of-concept study, the number of serum samples in each group was small 

relative to the number of proteins tested. Therefore, unadjusted p-values were utilized for 

testing significance when comparing fASC levels between groups (between Asy + Sym vs. 

Nor, or between Asy vs. Sym) (Table 2, and Table S1). The small sample size used in this 

study may have under- or over-estimated immune-associations, hence a future study with 
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larger and well-matched samples and/or a targeted study with fewer study proteins are 

required to confirm the current observations. In addition, such study may identify more 

subtle associations between antibody responses and protection from symptomatic malaria.

By using similar platform consisting of WGCFS-synthesized protein library and 

AlphaScreen, we recently reported high immunoreactivity of upto 49% or 51% of 1827 P. 
falciparum proteins against Malian semiimmune adult sera [31] and Ugandan young adult 

sera (6 to 20 years' old) [20], respectively. In contrast, immunoreactivity of 186 P. falciparum 
proteins in this study was at 21.5% (Fig. 2). The lower immunoreactivity observed here 

could be explained, in part, by the low malaria transmission intensity in the Thai study site, 

with an EIR of 1–3 infective bites/year [21], compared to high malaria transmission intensity 

of EIR > 100 infective bites/year in the African (Ugandan) field site [20].

Although all three studies used similar screening platform, sample selection and definition 

of clinical malaria used in the current study was completely different from those of our two 

recent studies with African serum samples. However, to our surprise, all three studies 

identified same proteins, MSP3 and MSPDBL1. The Ugandan study was a longitudinal 

cohort study (n = 66) where the associations between baseline antibody reactivity and time 

to the first subsequent malaria episode were assessed. Reactivity to MSP3 and MSPDBL1 

significantly associated with reduced risk of symptomatic malaria before adjusting for age 

and bednet use [20]. In another study, immunoreactivity of Malian adult total IgGs (n = 51) 

with various levels of in vitro growth-inhibition activity was determined. The study similarly 

revealed that the reactivity to MSP3 and MSPDBL1 significantly correlated with functional 

activity before adjusting for multiple comparisons. Furthermore, the Mali study also 

identified a significant (unadjusted) association for RH2b protein [31]. The fact that same 

proteins were identified in totally different settings by using similar platform consisting of 

WGCFS-synthesized protein library and AlphaScreen, suggests that this technology 

advancement is universally useful for biomarker discovery in malaria.

The data presented here is squarely consistent with previous study in naturally acquired 

immunity that led to the identification of the MSP3 [32]. Antibodies to MSP3 have 

consistently associated with a reduction in clinical malaria episodes [20,33–36]. More 

specifically, increase of cytophilic subclasses (IgGl and/or IgG3) was significantly 

associated with reduced risk of clinical malaria after adjusting for age in several studies 

[33,34,36]. However, a recent phase 2b clinical trial of GMZ2 malaria vaccine, a blood-stage 

vaccine containing Glutamate-Rich Protein (GLURP) and MSP3, resulted in the low vaccine 

efficacy (14%) [37]. Therefore, MSP3-based vaccine still needs improvement. MSPDBL1 is 

a member of the MSP3 family and has both a Duffy binding-like (DBL) and a secreted 

polymorphic antigen associated with merozoites (SPAM) domains. Previously, we observed 

that anti-MSPDBL1 rabbit antibodies raised against recombinant full-length MSPDBL1 

inhibited erythrocyte invasion in vitro [38], suggesting that MSPDBL1 is also a potential 

blood-stage malaria vaccine candidate. These studies further highlight the vaccine candidacy 

of both MSP3 and MSPDBL1 and clearly demonstrate that WGCFS-synthesized proteins 

could greatly contribute towards the successful identification and prioritization of multiple 

blood-stage antigens for vaccine candidate discovery.
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In conclusion, this study demonstrated that, generation of protein library using the WGCFS 

coupled with high-throughput AlphaScreen system provides an ideal platform for rational 

discovery and prioritization of potential blood-stage malaria vaccine candidates using serum 

samples collected from both low endemic areas (such as Thailand) and high endemic areas 

(such as Sub-Saharan Africa).

Supplementary data to this article can be found online at https://doi.org/10.1016/j.parint.

2017.12.002.
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Fig. 1. 
Correlation between original ASC and ELISA OD values.

Original ASC values and ELISA OD values against MSP3 were analyzed by Spearman's 

rank correlation. Number of serum samples is 20.
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Fig. 2. 
Immunoreactivity of WGCFS-synthesized protein library of Plasmodium falciparum. Each 

bar represents mean fASC (malaria-specific response) of either Asy + Sym or Nor groups. 

Further explanation of fASC is provided in Materials and methods Section 2.7. Number of 

proteins in horizontal axis is 186. Forty (21.5%) proteins were defined as immunoreactive 

proteins. Four selected antigens, MSP3, MSPDBL1, RH2b, and MSP7, are indicated.
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Fig. 3. 
Distribution of fASC of the 4 selected antigens. Individual fASC values to the 4 selected 

antigens, MSP3, MSPDBL1, RH2b, and MSP7 among Asy (n = 19), Sym (n = 21), or Nor 

(n = 11) group are shown.
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Table 1

Characteristics of individuals enrolled in this study in Thailand.

Characteristics Nor
a

Asy
b

Sym
c

(n = 11) (n = 19) (n = 21)

Age in years at sampling, median (range) NA 30 (11–50) 23 (17–50)

Gender (male %) NA 63 90

Median parasitemia % (range) 0
0.003

d
 (0.0006–0.2020)

0.600 (0.002–2.900)

a
Healthy malaria naive adult residents in malaria-free Bangkok who had no history of travelling outside the region. NA: not available.

b
Asymptomatic malaria defined as body temperature ≤ 37.5 °C with any parasitemia.

c
Symptomatic malaria defined as body temperature > 37.5 °C with any parasitemia, but not signs of complicated malaria.

d
Statistically significant by Mann Whitney U test.
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