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Optimization of Antigen Concentrations to Improve the Signal-to-Noise Ratio of ELISA Tests for the Detection of Anti-Plasmodium falciparum Antibodies


.

ABSTRACT 

	Malaria, caused by the parasite Plasmodium falciparum, remains a major public health priority in tropical regions. The Enzyme-Linked Immunosorbent Assay (ELISA) for detecting anti-Plasmodium antibodies is an essential diagnostic tool. However, its sensitivity and specificity are closely dependent on the concentration of antigens used.
[bookmark: _GoBack]This study aimed to determine the optimal antigen concentration for seven P. falciparum antigens (AMA1, MSP1, GLURP, CSP, EBA175, MSP3, and EXP1) in order to optimize the signal-to-background noise ratio of indirect ELISA tests. To achieve this, titration microplates were coated with serial dilutions of each antigen (from 2 µg/ml to 0.0625 µg/ml), incubated with patient sera, and then developed using conjugated secondary antibodies. Each antigen concentration was tested in duplicate wells (n=2), using Hyper-Immune Tanzanian (HIT) plasma at antigen-specific dilutions (e.g., 1:200 for CSP/MSP1, 1: 10,000 for EXP1), alongside positive and negative controls. Optimal concentrations were identified by plotting titration curves of optical density (OD450) versus antigen dilution and selecting the point maximizing the signal-to-noise ratio (positive minus negative control OD). Reproducibility was ensured by calculating the coefficient of variation (CV) between duplicates, repeating tests if CV >15%.
The optimal antigen concentrations identified for improved diagnostic performance were as follows: AMA1 (1 µg/ml), MSP1 (0.18 µg/ml), GLURP (0.5 µg/ml), CSP (0.25 µg/ml), EXP1 (0.25 µg/ml), EBA175 (2 µg/ml), and MSP3 (0.5 µg/ml). These results may support the standardization of malaria diagnostic protocols and enhance the performance of serological tests.
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1. INTRODUCTION
Malaria, caused by parasites of the Plasmodium genus, remains a major public health problem, affecting millions of people each year, particularly in tropical and subtropical regions (Cowman et al., 2021). In 2022, an estimated 249 million malaria cases and 608,000 deaths were reported across 85 countries, with the highest burden occurring in sub-Saharan Africa (WHO, 2023). In Burkina Faso alone, more than 11 million malaria cases are recorded annually (Statistical Yearbook, 2023).
Early and accurate detection of Plasmodium infections is essential for timely and effective treatment, as well as for implementing disease control strategies (WHO, 2023). ELISA is one of the reference tools used to detect parasite antigens, particularly within the framework of diagnostic test performance evaluations (WHO, 2018).
However, in immunological assays applied to malaria, the optimal concentration of antigens is a critical parameter to ensure both the sensitivity and specificity of ELISA measurements. Antigen concentrations that are too high or too low may compromise test accuracy, leading to false-positive or false-negative results (Bousema et al., 2010). Therefore, determining the optimal concentration of each antigen for ELISA testing is essential to ensure reliable and reproducible detection.
We hypothesized that variations in antigen concentration directly influence the signal-to-background noise ratio of ELISA assays. The objective of this study was to determine, for each P. falciparum antigen, the optimal concentration that maximizes the sensitivity and specificity of the ELISA test, thereby improving the quality of malaria diagnostics and strengthening disease control efforts.

2. MATERIALS AND METHODS
2.1. Materials
The following equipment and consumables were used to perform the ELISA assay:
· 96-well ELISA microtitration plates with round-bottom wells (500 µl)
· Biotek Lx808 ELISA plate reader, capable of measuring optical density at 450 nm
· Purified Plasmodium falciparum antigens (AMA1, MSP1, GLURP, CSP, EBA175, MSP3, and EXP1)
· Coating and dilution buffer: phosphate-buffered saline (PBS)
· Positive control: plasma from Tanzanian individuals previously exposed to malaria, used as a source of anti-Plasmodium antibodies
· Negative control: plasma from individuals with no history of exposure to Plasmodium
· HIT plasma (Hyper Immune Tanzanian plasma): a reference positive plasma obtained from donors living in malaria-endemic areas of Tanzania who have developed strong natural immunity against Plasmodium falciparum
· Secondary antibodies conjugated to HRP (horseradish peroxidase)
· Additional buffers: blocking buffer (1% BSA in PBS) and washing buffer (PBS-T = PBS + 0.05% Tween-20)
· Chromogenic substrate: tetramethylbenzidine (TMB)
· Stop solution: 1 M sulfuric acid (H₂SO₄)

2.2. Methods
Using a rigorous methodology, various antigen concentrations were tested to maximize the signal-to-noise ratio, thereby ensuring increased sensitivity and specificity of the results. The ELISA test was performed in six steps, following the procedures described by Murungi et al. (2019), Kim et al. (2003), and Hamnett (2024).
Step 1: Preparation and Optimization of Antigen Concentrations
· Purified Plasmodium falciparum antigens were added to the microplate wells at 50 µl per well, starting from an initial concentration of 2 µg/ml in PBS.
· A series of descending dilutions was prepared (2 µg/ml, 1 µg/ml, 0.5 µg/ml, 0.25 µg/ml, 0.125 µg/ml, 0.0625 µg/ml) to optimize the signal-to-noise ratio for each antigen tested (AMA1, MSP1, GLURP, CSP, EBA175, MSP3, and EXP1).
· The microplates were incubated overnight at 4 °C to allow proper antigen adsorption.
Step 2: Washing
The following day, the plates were washed three times with washing buffer to remove unbound antigens, thereby reducing background noise during detection.
Step 3: Blocking
After washing, the plates were blocked with 200 µl/well of 1% BSA and incubated for 1 hour at room temperature.
Step 4: Addition of HIT Plasma (Primary Antibody)
After blocking, plates were washed once, and HIT plasma was added at initial dilutions of 1/200, 1/1000, and 1/2000, adjusted according to the antigen concentration tested.
The initial plasma dilution depended on the antigen: AMA1 (1:2000); CSP (1:200); EXP1 (1:1000); GLURP (1:1000); MSP1 (1:200); MSP3 (1:200) and EBA175 (1:2000).
The plates were incubated for 2 hours, followed by three washes with washing buffer.
Step 5: Incubation with the Secondary Antibody
A volume of 50 µl per well of HRP-conjugated goat anti-human IgG (1.5 µg/ml) was added. The plates were incubated for 1 hour at room temperature, then washed three times with PBS-Tween.
Step 6: Revelation and Reading
· The chromogenic substrate TMB was added, and plates were incubated in the dark for 15 minutes to allow enzymatic color development.
· The reaction was stopped using sulfuric acid stop solution.
· Optical density (OD) was measured at 450 nm using an ELISA plate reader, allowing evaluation of signal intensity and the signal-to-noise ratio.
Each sample was tested in duplicate, and the coefficient of variation (CV) between duplicate wells was calculated. If the CV exceeded 15%, the sample test was repeated. Alongside test samples, a positive control and negative control were included to validate assay performance.




3. RESULTS
3.1. Determination of the Optimal Concentration of the AMA1 Antigen
Apical Membrane Antigen 1 (AMA1) is a type I membrane protein, also known as Pf83, RMA-1, or RMA1, and is localized in the microneme an organelle situated at the apical end of the merozoite. It contains ligands that interact with erythrocyte receptors (Narum & Thomas, 1994; Tham et al., 2012; Beeson et al., 2016). AMA1 is considered a potential vaccine candidate against the erythrocytic stages of Plasmodium falciparum. Determining the optimal concentration of this antigen for assessing the humoral immune response is therefore essential. The results of this analysis are presented in Figure 1.

Figure 1: Titration curve of the AMA1 antigen showing optical density as a function of antigen concentration (mean ± SD, n = 2).

3.2. Determination of the Optimal Concentration of the CSP Antigen
The Circumsporozoite Protein (CSP) is the major surface protein of the Plasmodium falciparum sporozoite. It is located on the membrane of sporozoites, the infective stage transmitted to humans during the bite of the mosquito vector. CSP plays an essential role in the attachment and invasion of hepatocytes during the pre-erythrocytic phase of the parasite’s life cycle. This protein contains characteristic repeat regions and a terminal domain involved in the recognition of liver cells (Narum & Thomas, 1994; Tham et al., 2012; Beeson et al., 2016). CSP is a major vaccine candidate against malaria and is the primary antigen used in the development of the RTS, S vaccine, currently evaluated among populations living in malaria-endemic regions (White et al., 2014; Zavala, 2022). Determining the optimal concentration of this antigen for assessing the humoral immune response is essential for evaluating its vaccine efficacy. The results of this analysis are presented in Figure 2.
 
Figure 2: Titration curve of the CSP antigen showing optical density as a function of antigen concentration (mean ± SD, n = 2).

3.3. Determination of the Optimal Concentration of the EXP1 Antigen
Exported Protein 1 (EXP1) is an exported protein predominantly localized in the dense granules of the Plasmodium falciparum merozoite stage (Iriko et al., 2018; Ramirez et al., 2019). After red blood cell invasion, EXP1 is associated with the parasitophorous vacuole membrane, where it contributes to maintaining the integrity and permeability of the vacuolar compartment. EXP1 plays a key role in parasite–host interactions, particularly in nutrient transport and the export of parasite proteins into the erythrocyte cytoplasm (Iriko et al., 2018; Ramirez et al., 2019).
Due to its high expression and strategic localization, EXP1 is an important marker of the intraerythrocytic stages of the parasite and a potential candidate for the development of vaccine or therapeutic strategies targeting the blood stages of P. falciparum (Iriko et al., 2018; Ramirez et al., 2019). Quantifying its concentration during immunological assays allows assessment of the specific humoral response. The corresponding results are presented in Figure 3.

Figure 3: Titration curve of the EXP1 antigen showing optical density as a function of antigen concentration (mean ± SD, n = 2).

3.4. Determination of the Optimal Concentration of the GLURP Antigen
The Glutamate-Rich Protein (GLURP) is a glutamate-rich protein expressed by Plasmodium falciparum during both the pre-erythrocytic and erythrocytic stages of the parasite. It is secreted into the parasitophorous space and associated with the membrane of the infected red blood cell. GLURP plays a role in parasite–host cell interactions and in the modulation of the immune response (Narum & Thomas, 1994; Tham et al., 2012). The protein consists of several highly immunogenic antigenic domains, including the R0 and R2 regions, which are commonly used in serological studies and vaccine trials. Due to its strong immunogenicity and recognition by naturally acquired antibodies in endemic populations, GLURP is considered a promising vaccine candidate against the blood stages of P. falciparum (Beeson et al., 2016).
Evaluating the optimal concentration of this antigen in immunological assays is essential to assess the specific humoral response. The corresponding results are presented in Figure 4.

Figure 4: Titration curve of the GLURP antigen showing optical density as a function of antigen concentration (mean ± SD, n = 2)

3.5. Determination of the Optimal Concentration of MSP1 Antigen
Merozoite Surface Protein 1 (MSP-1) of P. falciparum is an important surface protein with a molecular weight of approximately 190 kDa, playing a key role in erythrocyte invasion by the merozoite (Dijkman et al., 2021). This protein is the main target of human immune responses (Moss et al., 2012) and is a promising candidate for a blood-stage subunit vaccine. Antibodies directed against the C-terminal portion of MSP1 induce protective immunity against high parasitemia, malaria-induced anemia, and clinical malaria episodes. These antibodies inhibit parasite development in vitro and prevent erythrocyte invasion (Narum and Thomas, 1994; Tham et al., 2012; Beeson et al., 2016). The optimal concentration of MSP1 antigen used to assess the humoral response was determined using the graphs in Figure 5.

Figure 5: Titration curve of the MSP1 antigen showing optical density as a function of antigen concentration (mean ± SD, n = 2).

3.6. Determination of the Optimal Concentration of MSP3 Antigen
Merozoite Surface Protein 3 (MSP3) is a surface protein of P. falciparum merozoites expressed during the erythrocytic stages of the parasite. It is located on the merozoite surface, where it plays a critical role in interacting with the red blood cell membrane during invasion. MSP3 is a non-anchored protein, associated with the parasitic surface through interactions with other membrane proteins such as MSP1. It is highly conserved and contains multiple epitopes recognized by antibodies naturally induced in individuals exposed to malaria (Narum and Thomas, 1994; Tham et al., 2012; Beeson et al., 2016). MSP3 is a promising vaccine candidate against the blood stages of P. falciparum, as it elicits a humoral immune response capable of contributing to parasite clearance via monocyte-dependent mechanisms (antibody-dependent cellular inhibition, ADCI) (Singh et al., 2004; Tiendrebeogo et al., 2015). Determining the optimal concentration of this antigen in humoral response assays helps assess its immunogenic potential. The results are shown in Figure 6.

Figure 6: Titration curve of the MSP3 antigen showing optical density as a function of antigen concentration (mean ± SD, n = 2)

3.7. Determination of the Optimal Concentration of EBA175 Antigen
The erythrocyte-binding antigen 175 (EBA-175) of P. falciparum is a ligand for merozoite invasion into human erythrocytes that binds to glycophorin A in a sialic acid-dependent manner (Duraisingh, 2003; Chiu et al., 2016). High IgG levels against each of the EBA antigens were strongly associated with protection against symptomatic malaria and high parasitemia, though not directly with the risk of reinfection. EBAs appear to be important targets of naturally acquired protective immunity (Duraisingh, 2003; Chiu et al., 2016). These findings support their development as vaccine candidates. The results are presented in Figure 7.


Figure 7: Titration curve of the EBA175 antigen showing optical density as a function of antigen concentration (mean ± SD, n = 2)
The results obtained for each antigen concentration were analyzed to determine the optimal signal-to-noise ratio. The antigen concentration that produces the greatest difference between positive and negative samples, with an optical density high enough for proper detection but without saturation, was selected as the optimal concentration for the ELISA assay. Titration curves allowed the determination of the optimal concentration for each tested antigen, which are presented in Table 1.
Table 1: Optimal concentrations of the different antigens
	Antigen
	Antibody Concentration (HIT)
	Optimal Antigen Concentration
	Literature Data

	EBA 175
	1:2000
	2µg/ml
	1–3 µg/ml

	AMA1
	1:2000
	1µg/ml
	0.5-2 µg/ml

	CSP
	1:200
	0.25µg/ml
	0.1–0.5 µg/ml

	EXP 1
	1:1000
	0.25µg/ml
	0.2–0.5 µg/ml

	GLURP RO
	1:200
	0.5µg/ml
	0.25 - 1 µg/ml

	MSP1
	1:200
	0.18µg/ml
	0.1-0.5 µg/ml

	MSP3
	1:200
	0.5µg/ml
	0.25–1 µg/ml





4. DISCUSSION
The optimization of the ELISA test for detecting Plasmodium antigens is based on determining the optimal antigen concentrations that maximize the signal-to-noise ratio, thereby ensuring increased sensitivity and specificity of the assay. This analysis focused on seven key antigens: AMA1, MSP1, GLURP, CSP, EBA175, MSP3, and EXP1. Each antigen plays a specific role in host cell invasion and represents a potential target for diagnostic purposes and vaccine development.
AMA1 (Apical Membrane Antigen 1): The optimal concentration determined was 1 µg/ml with a standard HIT dilution of 1:2000. This concentration allows for effective detection of specific antibodies, facilitating the identification of infections. A high standard dilution (1:2000) reflects strong reactivity of positive samples, indicating good test sensitivity. These results are consistent with the literature, where optimal concentrations range from 0.5 to 2 µg/ml and plasma dilutions from 1:500 to 1:5000 for AMA1 (Stanisic et al., 2014; Ouédraogo et al., 2017).
MSP1 (Merozoite Surface Protein 1): The determined optimal concentration is 0.18 µg/ml with a standard HIT dilution of 1:200. The low required concentration indicates that MSP1 is highly reactive and that higher concentrations could saturate the signal, reducing the signal-to-noise ratio. Previous studies report optimal concentrations between 0.1 and 0.5 µg/ml with plasma dilutions of 1:100 to 1:400, which aligns well with our observations (Holder and Blackman, 2004; Perraut et al., 2005).
GLURP (Glutamate-Rich Protein): The optimal concentration of GLURP is 0.5 µg/ml with a HIT dilution of 1:200. This concentration allows effective antibody detection without saturation. Literature reports optimal concentrations ranging from 0.25 to 1 µg/ml and plasma dilutions from 1:100 to 1:400, confirming that our experimental conditions are appropriate (Theisen et al., 1995; Ramasamy et al., 2006).
CSP (Circumsporozoite Protein): For CSP, the optimal concentration is 0.25 µg/ml with a HIT dilution of 1:200. The low concentration allows sensitive antibody detection, essential for assessing exposure and immunity in endemic areas. Similar concentrations (0.1–0.5 µg/ml) and plasma dilutions of 1:100 to 1:500 have been reported for RTS, S ELISA assays (White et al., 2015; Zavala et al., 2022).
EBA175 (Erythrocyte Binding Antigen 175): The optimal concentration is 2 µg/ml with a HIT dilution of 1:2000. The relatively high concentration suggests that anti-EBA175 antibodies have lower affinity or that specific antibody expression is low, requiring more antigen to achieve an optimal signal. Comparable values (1–3 µg/ml, dilutions 1:500 to 1:2000) have been reported in the literature (Duraisingh et al., 2003; Richards et al., 2016).
MSP3 (Merozoite Surface Protein 3): The optimal concentration is 0.5 µg/ml with a HIT dilution of 1:200. This concentration ensures a good signal-to-noise ratio and effective detection of ADCI antibodies. Similar concentrations (0.25–1 µg/ml) and plasma dilutions of 1:100 to 1:400 have been published, confirming the appropriateness of our experimental conditions (Singh et al., 2004; Tiendrebeogo et al., 2015).
EXP1 (Exported Protein 1): For EXP1, the optimal concentration is 0.25 µg/ml with a HIT dilution of 1:1000. This combination reflects strong reactivity of anti-EXP1 antibodies, allowing sensitive and specific detection. The literature reports concentrations of 0.2–0.5 µg/ml and dilutions of 1:500 to 1:2000 for anti-EXP1 ELISAs (Günther et al., 2018; Ramírez et al., 2019).
The analysis shows that each Plasmodium antigen requires a specific concentration to optimize ELISA performance. Optimal concentrations vary depending on the antigen, reflecting differences in antibody affinity, antigen expression levels, and the immunological importance of each antigen.
Optimization of Signal-to-Noise Ratio: By adjusting antigen concentrations, the ELISA test can maximize differentiation between positive and negative samples, reducing false positives and false negatives. This improves diagnostic reliability, which is essential for effective malaria management.
Sensitivity and Specificity: Determining optimal concentrations ensures that the ELISA is sensitive enough to detect low levels of specific antibodies while being specific enough to avoid undesired cross-reactions.
Contribution to Malaria Control: By providing more accurate diagnostics, this optimization enables rapid and targeted treatment of infections, contributing to reduced malaria morbidity and mortality. Additionally, identifying optimal concentrations for each antigen can support vaccine development by providing effective immunogenic targets.
Scientific Value: Determining these optimal concentrations could be used for the development of standardized ELISA kits, quality control of laboratories in Africa, and inter-regional comparison of malaria seroprevalence.
This study defined the optimal concentration for each Plasmodium antigen to maximize the signal-to-noise ratio in ELISA assays. Results show variability depending on the antigen, related to antibody affinity and abundance. Compared to previous studies, these values confirm the importance of optimizing each antigen individually to avoid signal saturation or loss of sensitivity. Accurate determination of these concentrations is essential for improving the performance of serological tests used in epidemiological studies and vaccine trials. HIT plasma (Hyper-Immune Tanzanian plasma), used as a positive control, comes from Tanzanian donors heavily exposed to malaria and with high titers of anti-Plasmodium falciparum antibodies.

5. CONCLUSION
The titration of Plasmodium antigens is a critical step in the optimization of ELISA assays, enabling both sensitive and specific detection of malaria infections. This study determined the optimal concentration for each of the seven evaluated antigens (AMA1, MSP1, GLURP, CSP, EBA175, MSP3, and EXP1), maximizing the signal-to-noise ratio and ensuring high diagnostic performance. By establishing a rigorous methodological framework, our work provides reliable references for the implementation of standardized protocols, improving comparability of results across laboratories and enhancing the reliability of serological diagnosis. The achieved optimization directly contributes to diagnostic accuracy by reducing the risk of false results, facilitating faster and more targeted patient treatment, and supporting more effective epidemiological surveillance. The optimized antigen concentrations determined in this study will serve as a reference for calibrating serological ELISA assays, contributing to more reliable malaria diagnostics. They also provide robust tools for public health programs and for monitoring immune responses in vaccine research.


6. Limitations of the study
While this study establishes optimal antigen concentrations for enhancing ELISA signal-to-noise ratios, several limitations should be noted. Primarily, optimization relied exclusively on Hyper-Immune Tanzanian (HIT) plasma and limited controls (n=2 duplicates per condition), without testing diverse patient sera from varied malaria exposure levels or clinical cohorts, which may limit applicability to real-world diagnostic scenarios. No comprehensive statistical validation—such as ROC curve analysis, sensitivity/specificity calculations, or cut-off thresholds (e.g., mean negative OD + 3SD) was conducted to robustly quantify assay performance.
Additionally, the evaluation covered only seven P. falciparum antigens (AMA1, MSP1, GLURP, CSP, EBA175, MSP3, EXP1), potentially overlooking other immunodominant targets relevant to broader seroepidemiology. Results were generated in a single laboratory setting without inter-lab reproducibility testing or assessment across antigen batches, which could affect standardization efforts. Future work should address these by incorporating multi-site validation and expanded sample sets to confirm clinical utility.
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EXP1 2µg/ml	[1:1000]	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	Blank	1.1160000000000001	0.65450000000000008	0.36799999999999999	0.20400000000000001	0.11449999999999999	0.08	6.4500000000000002E-2	4.4499999999999998E-2	EXP1 1µg/ml	[1:1000]	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	Blank	1.06	0.627	0.34050000000000002	0.19	0.1105	7.4999999999999997E-2	5.9499999999999997E-2	4.2999999999999997E-2	EXP1 0.5µg/ml	[1:1000]	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	Blank	1.0154999999999998	0.59050000000000002	0.33499999999999996	0.19	0.1105	7.4999999999999997E-2	5.9499999999999997E-2	4.1499999999999995E-2	EXP1 0.25µg/ml	[1:1000]	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	Blank	0.95099999999999996	0.55899999999999994	0.32500000000000001	0.182	0.1045	6.9500000000000006E-2	5.7499999999999996E-2	4.1999999999999996E-2	EXP1 0.125µg/ml	[1:1000]	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	Blank	0.88749999999999996	0.52449999999999997	0.29799999999999999	0.17299999999999999	9.8500000000000004E-2	7.0000000000000007E-2	5.6999999999999995E-2	4.3499999999999997E-2	EXP1 0.0625µg/ml	[1:1000]	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	Blank	0.83749999999999991	0.48799999999999999	0.28249999999999997	0.155	9.2999999999999999E-2	6.8000000000000005E-2	5.6000000000000001E-2	4.0999999999999995E-2	HIT Conc
OD (AU)
GLURP 2µg/ml	[1:1000]	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	Blank	0.60199999999999998	0.3145	0.17199999999999999	0.11299999999999999	7.9500000000000001E-2	6.0499999999999998E-2	5.6000000000000001E-2	5.0500000000000003E-2	GLURP 1µg/ml	[1:1000]	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	Blank	0.52649999999999997	0.26300000000000001	0.14799999999999999	0.10349999999999999	7.4499999999999997E-2	5.9499999999999997E-2	5.3999999999999999E-2	4.9000000000000002E-2	GLURP 0.5µg/ml	[1:1000]	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	Blank	0.47349999999999998	0.2525	0.15049999999999999	9.8000000000000004E-2	7.1499999999999994E-2	6.0999999999999999E-2	5.5500000000000001E-2	5.1000000000000004E-2	GLURP 0.25µg/ml	[1:1000]	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	Blank	0.435	0.23599999999999999	0.14250000000000002	9.2499999999999999E-2	7.2499999999999995E-2	5.8499999999999996E-2	5.5E-2	5.2500000000000005E-2	GLURP 0.125µg/ml	[1:1000]	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	Blank	0.38900000000000001	0.216	0.1295	9.0999999999999998E-2	6.8000000000000005E-2	5.8499999999999996E-2	5.45E-2	5.3999999999999999E-2	GLURP 0.0625µg/ml	[1:1000]	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	Blank	0.35549999999999998	0.20150000000000001	0.1215	8.4999999999999992E-2	6.5500000000000003E-2	6.7500000000000004E-2	5.6500000000000002E-2	5.2499999999999998E-2	HIT Conc
OD (AU)
MSP1 2µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	1.6555	1.1015000000000001	0.73799999999999999	0.46050000000000002	0.26400000000000001	0.1585	0.10100000000000001	4.1499999999999995E-2	MSP1 1µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	1.7705	1.2235	0.8125	0.48749999999999999	0.28349999999999997	0.16400000000000001	0.10300000000000001	4.1999999999999996E-2	MSP1 0.5µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	1.748	1.2709999999999999	0.86549999999999994	0.53249999999999997	0.29849999999999999	0.17099999999999999	0.109	4.2499999999999996E-2	MSP1 0.25µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	1.7524999999999999	1.3014999999999999	0.89349999999999996	0.53600000000000003	0.30649999999999999	0.17299999999999999	0.108	3.9999999999999994E-2	MSP1 0.125µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	1.619	1.2705	0.85499999999999998	0.52	0.29449999999999998	0.16250000000000001	0.1055	4.3999999999999997E-2	MSP1 0.0625µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	1.4275	1.091	0.76200000000000001	0.45600000000000002	0.25800000000000001	0.152	9.8000000000000004E-2	4.7E-2	HIT Conc
OD (AU)
MSP3 2µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	1.2889999999999999	1.1955	0.84150000000000003	0.54949999999999999	0.33450000000000002	0.19850000000000001	0.1545	5.7499999999999996E-2	MSP3 1µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	1.3445	1.1945000000000001	0.85850000000000004	0.56099999999999994	0.34299999999999997	0.20849999999999999	0.1305	0.05	MSP3 0.5µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	1.2555000000000001	1.1179999999999999	0.76550000000000007	0.4995	0.307	0.1905	0.122	0.05	MSP3 0.25µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	1.0754999999999999	0.96099999999999997	0.64850000000000008	0.41649999999999998	0.254	0.1515	0.121	4.5999999999999999E-2	MSP3 0.125µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	0.89949999999999997	0.78550000000000009	0.53550000000000009	0.32650000000000001	0.19700000000000001	0.124	0.09	0.05	MSP3 0.0625µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	0.73550000000000004	0.59149999999999991	0.38349999999999995	0.24299999999999999	0.154	0.10150000000000001	7.0999999999999994E-2	4.9000000000000002E-2	HIT Conc
OD (AU)
EBA 175 2µg/ml	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	[1:128000]	Blank	1.427	1.0419999999999998	0.66	0.39949999999999997	0.22999999999999998	0.14300000000000002	9.2499999999999999E-2	4.2499999999999996E-2	EBA 175 1µg/ml	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	[1:128000]	Blank	1.1425000000000001	0.80899999999999994	0.496	0.29649999999999999	0.17549999999999999	0.1225	7.350000000000001E-2	4.0500000000000001E-2	EBA 175 0.5	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	[1:128000]	Blank	0.84650000000000003	0.58850000000000002	0.34250000000000003	0.21300000000000002	0.1285	9.8000000000000004E-2	6.25E-2	4.2999999999999997E-2	EBA 175 0.25µg/ml	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	[1:128000]	Blank	0.64549999999999996	0.42199999999999999	0.2465	0.1545	9.6000000000000002E-2	7.9000000000000001E-2	5.8499999999999996E-2	4.0499999999999994E-2	EBA 175 0.125µg/ml	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	[1:128000]	Blank	0.49399999999999999	0.311	0.18	0.114	7.6499999999999999E-2	6.4500000000000002E-2	5.2000000000000005E-2	0.04	EBA 175 0.0625µg/ml	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	[1:128000]	Blank	0.35250000000000004	0.23549999999999999	0.1225	8.6499999999999994E-2	6.0999999999999999E-2	5.4000000000000006E-2	4.7500000000000001E-2	4.1499999999999995E-2	HIT Conc
OD (AU) 
AMA 2µg/ml	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	[1:128000]	Blank	1.4815	1.1164999999999998	0.71849999999999992	0.46099999999999997	0.26650000000000001	0.16250000000000001	9.6000000000000002E-2	3.95E-2	AMA 1µg/ml	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	[1:128000]	Blank	1.2195	0.85850000000000004	0.53	0.32800000000000001	0.1895	0.113	7.8E-2	3.9499999999999993E-2	AMA 0.5µg/ml	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	[1:128000]	Blank	0.94350000000000001	0.63450000000000006	0.38949999999999996	0.219	0.14050000000000001	9.0499999999999997E-2	6.5500000000000003E-2	4.0499999999999994E-2	AMA 0.25µg/ml	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	[1:128000]	Blank	0.69399999999999995	0.45400000000000001	0.27300000000000002	0.16250000000000001	9.4500000000000001E-2	7.0500000000000007E-2	5.5E-2	4.3499999999999997E-2	AMA 0.125µg/ml	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	[1:128000]	Blank	0.41100000000000003	0.25900000000000001	0.1515	9.7500000000000003E-2	6.7000000000000004E-2	5.7499999999999996E-2	4.7500000000000001E-2	4.0500000000000001E-2	AMA 0.0625µg/ml	[1:2000]	[1:4000]	[1:8000]	[1:16000]	[1:32000]	[1:64000]	[1:128000]	Blank	0.26300000000000001	0.16799999999999998	9.35E-2	7.0000000000000007E-2	5.2499999999999998E-2	4.8500000000000001E-2	4.2999999999999997E-2	0.04	HIT Conc
OD (AU)
CSP 2µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	1.0825	0.61399999999999999	0.36	0.21400000000000002	0.121	8.249999999999999E-2	6.8500000000000005E-2	4.7E-2	CSP 1µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	0.99899999999999989	0.53249999999999997	0.33350000000000002	0.188	0.11449999999999999	7.6999999999999999E-2	6.0499999999999998E-2	4.4999999999999998E-2	CSP 0.5µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	0.95499999999999996	0.52350000000000008	0.32350000000000001	0.19450000000000001	0.11499999999999999	7.8E-2	6.0499999999999998E-2	4.7E-2	CSP 0.25µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	0.93900000000000006	0.504	0.29799999999999999	0.16499999999999998	0.11299999999999999	0.08	6.0499999999999998E-2	4.7E-2	CSP 0.125µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	0.85850000000000004	0.46850000000000003	0.28300000000000003	0.16600000000000001	0.105	7.6499999999999999E-2	5.8499999999999996E-2	4.3999999999999997E-2	CSP 0.0625µg/ml	[1:200]	[1:400]	[1:800]	[1:1600]	[1:3200]	[1:6400]	[1:12800]	Blank	0.8214999999999999	0.46899999999999997	0.25650000000000001	0.158	0.10300000000000001	7.4999999999999997E-2	5.6499999999999995E-2	4.7500000000000001E-2	HIT Conc
OD (AU)




