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Abstract 
Lymphatic filariasis (LF) remains a public health concern as it can cause 
permanent morbidity and disability to those infected. While the global elimi-
nation of LF in these endemic areas is ongoing through mass drug admini-
stration, there is the need to develop diagnostic tools that would be utilized to 
track the progress of total global eradication as well as perform surveillance 
for the recurrence of lymphatic filariasis transmission. Currently, approved 
LF diagnosis tools are faced with lack of specificity, low sensitivity, and perio-
dicity dependence. Recombinant filarial antigen-based assays can address 
these drawbacks and offer practical instruments for LF diagnosis and surveil-
lance. This present study, evaluated rWb-SXP-1 and rWb-123 antigens as 
potential diagnostic biomarker tools for Wuchereria banchrofti in human 
sera using microspheres-based multiplex serological assay. Based on statistical 
analysis using XLSTAT 2019 (Addinsoft) on data generated from multiplex 
technology assay, generated ROC curves for both rWb-SXP-1 and rWb-123 
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demonstrated 87.1% sensitivity to Wuchereria banchrofti human sera with 
rWb-SXP-1 antigens having the highest specificity of 96%. Indication that 
rWb-SXP-1 and rWb-123 antigens are capable of detecting immunoglobulin 
G4 (IgG4) antibodies in human sera synthesized specifically against W. ban-
chrofti infections. Therefore, rWb-SXP-1 and rWb-123 antigens can be util-
ized to detect W. banchrofti infections by antibody profiling with excellent 
diagnostic sensitivity and specificity using microsphere-based multiplex se-
rological tests. This method can be particularly practical for screening a large 
number of sera samples and/or for quick, extensive field-testing due to the 
high-throughput and quick formats applied. 
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1. Introduction 

Lymphatic filariasis (LF) is a tropical disease commonly occurring in low-income 
populations. Ninety percent of LF is caused by helminths W. banchrofti, while-
Brugia malayi, and Brugia tumor parasites are responsible for the remaining ten 
percent [1] [2] [3]. Female mosquitoes of Anopheles, Culex, Aedes, and Manso-
nia species are the main vectors of microfilariae transmission [3]. LF results in 
permanent physical impairment when treatment is not done early enough, causing 
socioeconomic hardship for individuals affected [4] [5] [6] [7]. 

Diagnosis procedures play vital roles in the monitoring and evaluation of eli-
mination and eradication of LF infections in endemic regions. Transmission as-
sessment surveys TAS programs are dependent on the detection of circulating 
filarial antigens in human sera utilizing Filariasis Test Strip (FTS), Brugia Rapid 
test and examination of thick smears (20 - 60 µL) of finger-prick blood using 
Microscopy technology tests recommended by WHO [8]. These tests are chal-
lenged with circulating filarial antigens often remaining detectable in human 
blood for years after treatment has cleared microfilaria. 

Microscopic examination of thick smears from finger-prick blood has been 
identified as not being a completely reliable and feasible method due to the pos-
sibility of inadequate sampling, inconveniences caused by late-night sample col-
lection times, and limited sensitivity, particularly in people with low microfilaria 
density [9] [10] [11]. Additionally, the ability to identify low levels of infection 
or recurrence of transmission is limited by the production of microfilaria and an-
tigens months or even years following exposure to LF parasites. 

The introduction of CFA detecting tests, Og4C3 ELISA and Immuno-chroma- 
tographic card test (ICT) tests was thought to have brought some limelight on 
the detection and control of filariasis program due to their advantages. However, 
studies have shown that ICT losses sensitivity in low endemic settings, especially 
in people exhibiting low levels of circulating filarial antigen and cross-reactivity 
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with antigens from the related filarial species especially Loa loa in Africa remain 
to be a great challenge towards this main goal of LF elimination [12] [13] [14]. 
Therefore, these fundamental limitations encountered with the current diagnos-
tic techniques, is likely to support resurgence of Lymphatic filariasis infection in 
previously declared free endemic area thus dragging behind the goal of total eli-
mination and eradication of LF worldwide.  

In order to prioritize where and what interventions to be considered con-
cerning lymphatic filariasis infections, there is a renewed interest in developing 
specific, sensitive, cost-effective methods for the evaluation of the parasitological 
status of populations [15]. The preponderance of IgG antibodies to target anti-
gens is important for long-term monitoring and surveillance of infections such 
as NTDs in populations [16]. Characterization of transmission dynamics in en-
demic regions by identifying the presence of IgG antibodies specific to W. ban-
chrofti parasites in the immune systems of individuals will provide vital infor-
mation about exposure to these pathogens [17]. Thus, LF diagnostic tools based 
on antibody tests would be critical for ensuring the success of LF elimination 
and eradication, since they would form the basis for an alarm system that would 
track any future contact with W. banchrofti parasite. 

Recombinant Wb-SXP-1 and Wb-123 antigens have been identified in all 
stages of W. banchrofti life cycle [18] [19]. Therefore the present study evaluated 
the usefulness of Wb-SXP-1 and Wb-123 recombinant antigens in the identifica-
tion of immunoglobulin G4 (IgG4) antibodies in human sera synthesized against 
filarial antigens as biomarkers for diagnosis of lymphatic filariasis using multip-
lex technology. This was with the intention of developing microsphere based 
multiplex serological assay that is reliable, quick, cost-effective, specific, and sen-
sitive applicable in detection of W. banchrofti infection with minimal hardships. 

2. Material and Methods 
2.1. Ethical Statement 

The Jomo Kenyatta University of Agriculture and Technology Internal Ethical 
Review Committee approved this study under the reference number JKU/IERC/ 
02316/0586. 

2.2. Wb-SXP-1 and Wb-123 Recombinant DNA Cloning 

The Wb-SXP-1 and Wb-123 recombinant DNA were already cloned in the 
pET52b expression vectors separately and stored at the ‒80˚C freezer at the 
Kenya Medical Research Institute (KEMRI), Nagasaki University Institute of 
Tropical Medicine (NUITM) Laboratory. 

2.3. Wb-SXP-1 and Wb-123 Recombinant Protein Expression 

The Wb-SXP-1 and Wb-123 recombinant DNA were transformed into ECOS-BL21 
(DE3) (Code#312-065334) chemically competent cells. 10 µL of ECOS-BL21 (DE3) 
competent cells were dispensed into two separate 2 mL Eppendorf tubes labeled 
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Wb-SXP-1 and Wb-123 recombinant DNA respectively. Then 1 µL of pET52b 
expression vectors carrying Wb-SXP-1 and Wb-123 recombinant DNA respec-
tively was added into each tube, mixed by tapping and left to disperse evenly for 
5 minutes on ice [18]. The cells were heat shocked for 45 seconds to create pores 
in the bacteria cells membranes thus allowing entry of plasmids carrying 
Wb-SXP-1 and Wb-123 genes into the competent cells. Thereafter the cells were 
placed on ice for 2 minutes and were separately cultured in 10 mL LB broth with 
10 µL carbenicillin then incubated overnight at 37˚C while shaking at 230 rpm in 
the incubator shaker (INNOVA 42). 

After the overnight night incubation at 37˚C, turbidity on the LB broth me-
dium was assessed by looking at cloudiness of the culture medium to confirm 
the growth of the cultured cells. Thereafter the cultures were separately trans-
ferred into large cultures of 500 mL LB broth with 500 µL carbenicillin then in-
cubated at 37˚C while shaking at 230 rpm for approximately 1 h and 45 minutes. 
Then the cells growth density was measured using the DEN-1B McFarland den-
sitometer (Waken Teck. Co., Ltd.) with the aim of attaining a range of 2.5 - 3.0 
density. 

After attaining the cell growth density of 3.75 cell/mL and 3.91 cells/mL for 
the Wb-SXP-1 and Wb-123 genes respective cells, protein expression was induced 
by the addition of 500 µL of 1 M IPTG (Isoproplyl-β-d-1-thiogalactopyranoside) 
(Lot# CTJ1296, Thermoscientific, Inc.) to the final concentration of 3.75 cells/mL 
for Wb-SXP-1 and 3.91 cells/mL for Wb-123 cultures. This was incubated at 
37˚C while shaking at 230 rpm for 1 hour. Thereafter density was measured to 
assess cells growth using the DEN-1B McFarland densitometer (Waken Teck. 
Co., Ltd.). 

The ECOS-BL21 (DE3) (Code#312-065334) chemically competent cells Cul-
tured cells were harvested by centrifugation of the cultures at 5000 xg 20˚C for 
15 minutes, and the pellet was obtained. To extract expressed Wb-SXP-1 and 
Wb-123 recombinant proteins the respective pellets were suspended by pipetting 
into 10 mL Bugbuster (Cat#70921-50ML, Novagen) containing 1 µL (250 unit) 
Benzonase Nuclease (Lot#SLBR3250V, Novagen) essential for degrading liberated 
nucleic acids and 1 µL (30 Kunits) rLysozyme (Catalog Number #7110-1200KU, 
Novagen) essential for cells lysis. Thereafter the suspensions were transferred 
into 50 mL Eppendorf tubes and rotated slowly at room temperature for 15 mi-
nutes to solubilize the proteins then centrifugation was done at 12 Krpm, 4˚C for 10 
minutes and the supernatant was obtained as crude protein extracts. Wb-SXP-1 
recombinant proteins extract was obtained as soluble fraction while the Wb-123 
recombinant protein extract was insoluble fraction that contained inclusion bo-
dies. 

2.3.1. Wb-123 Recombinant Proteins Inclusion Bodies Preparation 
Wb-123 recombinant proteins extract pellet was suspended in 10 mL 1x Bug-
buster by hard pipetting, followed by addition of 1 µL rLysozyme and the mix-
ture was rotated slowly at room temperature for 15 minutes. Thereafter 10 mL of 
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1/10 Bugbuster was added, mixed by agitation for 1 minute. The suspension was 
centrifuged at 5000 xg for 15 minutes at 4˚C and the obtained pellet was sus-
pended into 20 mL of 1/10 Bugbuster in order to wash it and vortexed for 1 
minute. Again, the suspension was centrifuged at 5000 xg for 15 minutes at 4˚C 
and the washing step was repeated twice. After the final washing step, obtained 
pellet was suspended in 10 mL of 1/10 Bugbuster by agitation for 1 minute. 

2.3.2. Wb-123 Recombinant Proteins Inclusion Bodies Solubilization 
Wb-123 recombinant protein suspension obtained from the inclusion bodies 
preparation was centrifuged at 12 Krpm, for 15 minutes at 4˚C. To the inclusion 
bodies pellet obtained, 10 mL of solubilization buffer (0.3% N-LS/CAPS, PH 11) 
was added and suspended by hard pipetting for 1 minute. This was followed by 
rotation at room temperature for 15 minutes and spinning down at 12 Krpm for 
15 minutes at 4˚C and the supernatant was obtained as soluble Wb-123 recom-
binant proteins extract ready for use in the subsequent steps. Dialysis was done 
to increase the concentration of rWb-SXP-1 and rWb-123 protein respectively. 
Wb-123 recombinant antigens were dialyzed in 1 litre solution of 0.1% N-LS/PBS 
(−), PH 7.6 at 4˚C while Wb-SXP-1 recombinant antigens were dialyzed in 1litre 
solution of PBS (−), PH 7.6 at 4˚C for a period of 2 hours. Dialysis medium was 
removed after 2 hours, replaced with fresh dialysis medium, and then dialyzed 
again for 2 hours. After the 2 hours of dialysis, medium was replaced with fresh 
dialysis medium and then left to dialyze overnight at 4˚C.  

2.4. Wb-SXP-1 and Wb-123 Recombinant Proteins Purification 

Immobilized Metal Affinity Chromatography (IMAC) using TALON-Accept 
resin (Code #635503, Takara Bio Inc.) was used to purifyr Wb-SXP-1 and rWb-123 
expressed proteins according to the manufacturer’s instructions with slight 
modification [20]. Then His-accept resin was transferred into an empty column 
(Bio-Rad), washed with double distilled water and then equilibrated using 4 mL 
of dialysis buffer. 

10 mL of rWb-SXP-1 and rWb-123 proteins soluble fractions supernatants 
were loaded to the His Accept resin and the His flow through (His-FT) solution 
was collected. Thereafter the His Accept resin was washed 4 mL of 1x Bugbuster 
and then washed twice with 10 mL NPT-I10 solution. Then respective rWb-SXP-1 
and rWb-123 proteins were then eluted using NPT-I1300 elusion buffer and the 
His elute solution was collected. 

2.5. Wb-SXP-1 and Wb-123 Recombinant Proteins Quantification 

The Pierce BCA protein assay kit (Thermo Scientific, USA) [20] was used to de-
termine the quantity of pure rWb-SXP-1 and rWb-123 expressed proteins [21]. 
The standards solutions and working reagents were prepared. 25 µL of each 
standard solutions, rWb-SXP-1 and rWb-123 proteins samples were separately 
transferred into tubes labeled respectively. Then 500 µL of working reagent was 
added into each tube, covered with aluminum foil, and then incubated on water 
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bath at 37˚C for 30 minutes. Wb-SXP-1 and Wb-123 recombinant proteins were 
quantified using the BCA protein assay (562 nm) on Thermoscientific Na-
no-drop 2000c UV-Vis spectrophotometer machine (USA). Absorbance for 
negative control was used as background and measurements were taken from 
low to high concentration of the standard solutions, then for Wb-SXP-1 and 
Wb-123 recombinant proteins all within 10 minutes. 

2.6. Wb-SXP-1 and Wb-123 Recombinant Proteins Quality and  
Purity 

Two separate gels were prepared where one was used to assess quality while the 
other to assess purity of Wb-SXP-1 and Wb-123 proteins. One-dimensional so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was used 
to separate the purified proteins on the two 10% gels (Irumva et al., 2019). To 
determine the purity of the specific rWb-SPX-1 and rWb-123 separated proteins, 
one gel was stained with Coomassie Brilliant Blue stain (40% methanol, 10% 
acetic acid and 0.25% w/v) while shaking for two hours before being de-stained 
in a de-staining solution (10% methanol and 7% acetic acid) while shaking at 
room temperature [20]. Then the gel was washed using 200 mL water and the 
image was recorded in Azure 280 chemiluminescent imaging system (model: 
Azure 280, USA) 

Western blotting was done to determine the quality of the purified rWb-SXP-1 
and rWb-123 proteins. The results of one-dimensional sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE) were trans-blotted onto a 
PVDF membrane on trans-blotting buffer using a Bio-Rad Trans-Blot system at 
50 mA for 30 minutes (Irumva et al., 2019). 

Blocking was done using blocking buffer (Blocking one, Lot# L7N3109, Naca-
laiTesque Inc. Kyoto Japan) on the PVDF membrane to prevent non-specific 
binding of the antibodies for 1 hour at room temperature with gentle shaking. 
The PVDF membrane was washed using 100 mL 1XTBST wash buffer while 
shaking at room temperature. The antigens were then incubated with diluted 
(1:10,000) MBL-anti His Tag HRP direct-tagged antibodies at room tempera-
ture. The PVDF membrane was then washed 5x using 100 mL of 1XTBST at 
room temperature while shaking for 10 minutes [20]. Excess solution was ab-
sorbed from PVDF membrane and it was incubated for five minutes at room 
temperature in 2 mL chemiluminescence (ECL). Then excess ECL solution was 
also absorbed from the PVDF membrane, and the image was captured in Azure 
280 chemiluminescent imaging system (model: Azure 280, USA). 

2.7. Coupling of Wb-SXP-1 and Wb-123 Proteins onto Magnetic  
Microspheres 

The Mag-Plex Microspheres (Luminex Corporation Austin TX USA) (Irumva et 
al., 2019) were first processed in activation buffer (0.1 M NaH2PO4, pH 6.2) then 
in1-Ethyl-3-(3-dimethylaminopropyl carbodiimide hydrochloride in the pres-
ence of Sulfo-NHS (N-hydroxysulfosuccinimide) (Lot#OI190847, Thermoscien-
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tific, Rocked, USA) to generate a Sulfo-NHS-ester intermediate thus activating 
the carboxyl modified microspheres [20]. Using 50 Mm MES 2-(N-morpholino) 
ethane sulfonic, PH 5.0) coupling buffer, activated carboxyl groups on the sur-
face of Magplex Microspheres (Luminex Corporation Austin TX USA) reacted 
with the primary amines of two individual rWb-SPX-1 and rWb-123 proteins 
forming covalent bonds through incubation for 2 hours at room temperature 
with gentle agitation [20] [21]. For negative control and background check beads 
and PBS (−) solution were used. 

The beads were then washed with PBS-TBN (0.1 percent bovine serum albu-
min, 0.05 percent Tween 20, 0.05 percent sodium azide in PBS(−), pH 7.5) [20]. 
Blocking was done using PBS-TBN for 30 minutes at room temperature. Wash-
ing was done twice with PBS-TBN (0.1 percent bovine serum albumin, 0.05 per-
cent Tween 20, 0.05 percent sodium azide in PBS (−), pH 7.5) then they were 
adjusted to 1000 beads per liter. A light microscope (Olympus) with a 10 objec-
tive lens was used to count the beads [22]. 

Wb-SXP-1 and Wb-123 Recombinant Proteins Coupling Efficiency 
Antigen coupling efficiency was performed with a phycoerythrin-conjugated an-
tibody against the poly-histidine tag to determine the number of antigens on the 
microspheres [22]. Briefly: 100 µL suspension of coupled beads as well as naked 
beads were dispensed into 96 wells plate. Then 100 µL of the first antibody MBL 
anti-His-tag HPR direct mouse monoclonal antibody (Code #D291-7, 22) dilute 
1:1000 in staining buffer was dispensed into each well. The plate was sealed and 
covered with aluminum foil to prevent direct sunlight, then agitated for 30 mi-
nutes at 750 rpm on a Heidolph Titramax 100 shaker (D-91126 SchwaBach, 
Germany) to allow binding reaction to take place. Washing was done three times 
using the BIO PLEX-MAG1 program in a BioTek 405 microplate washer (Ref: 
405 LBRMML, USA) [20]. 

100 µL of X250 diluted secondary antibody, phycoerythrin-conjugated an-
ti-mouse IgG (Code# 710-1822, Rockland Inc.) was added, and the second 
binding reaction was performed at 750 rpm for 30 minutes at room temperature. 
Then the beads were suspended on a wash buffer and agitated at 750 rpm for 5 
minutes on Heidolph Titramax 100 shaker (D-91126 SchwaBach, Germany) to 
allow binding reaction to take place. Washing was done three times using the 
BIO PLEX-MAG1 program in a Biotech washer. After washing, the beads were 
suspended in 125 µL of wash buffer and agitated at 750 rpm for 5 min on the 
shaker. Finally, the test was performed on the Bio-PlexTM 200 system (Luminex 
corporation Technology, USA) in normal sensitivity mode [20]. 

2.8. Evaluation of the Antigens Reactivity Using Multiplex Assay 

The rWb-SPX-1 and rWb-123 Antigens were evaluated using the micro-
spheres-based multiplex serological assay. Two microliters of each of the 25 W. 
banchrofti negative sera and 31W. banchrofti positive sera, were diluted at a 1:50 
ratio in 98 µL staining buffer (PBS-TBN (0.1% Bovine Serum albumin (BSA), 
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0.05% Tween 20, 0.05% sodium azide in PBS) [20]. This was dispensed into each 
well of a 96 well plate and 100 µL/well of rWb-SPX-1 and rWb-123 coupled pro-
teins pulled together was added to each well [23]. The plate was covered with 
aluminum foil to prevent direct light and shaken at 750 rpm for 30 min at room 
temperature thus to enhance the binding reaction between coupled antigen and 
IgG antibodies in the serum samples. The plate was then be transferred to an 
ELx405 micro-plate washer (Bio-Tek, Winooski, VT, USA) with a magnetic 
plate, then washed three times using washing buffer (0.05% Tween 20, 0.05% so-
dium azide in PBS(2), pH 7.5) [23]. 

Using detection antibody Bethyl Human IgG-Fc fragment (Goat) (0.5 mg/mL) 
(Lot# = A80-248PE-11 Bethyl Laboratories, Inc., Montgomery, TX, USA]) di-
luted into 1:250 ratio in staining buffer. 100 µL was added to each well, followed 
by incubation of the plate for 30 min at room temperature while shaking at 750 
rpm on a Heidolph Titramax 100 shaker (D-91126 SchwaBach, Germany) while 
covered with aluminum foil to prevent direct sunlight [22]. The plates were then 
washed three times using washing buffer as mentioned earlier to remove the 
unbound enzyme-labeled antibodies [23]. Thereafter 125 µL of wash buffer was 
dispensed into the wells using BioTek plate washer. The plate was sealed and 
covered with aluminum foil to prevent direct sunlight, then agitated for 5 mi-
nutes at 750 rpm on a Heidolph Titrama 100 shaker to allow binding reaction to 
take place. Finally the test was performed on the Bio-Plex 200 system (Luminex 
Corporation, Austin, TX, USA) in normal sensitivity mode to measure the fluo-
rescence of the beads. 

2.9. Statistical Analysis 

XLSTAT 2019 (Addinsoft) was used to obtain receiver operating characteristics 
(ROC) analysis [20], which generated the area under the curves (AUC) that aided 
the description of the differences between sensitivity and specificity, Positive 
Predictive Value (PPV), Negative Predictive Value (NPV) and cut off points [24] 
[25] [26]. This illustrated the diagnostic ability and accuracy of the rWb-SXP-1 
and rWb-123 antigens on lymphatic filariasis. Additionally box plots were as 
well generated using the XLSTAT program (Addinsoft) and these were used to 
describe samples’ variability in antigens reactivity.  

3. Results 

3.1. Wb-SXP-1 and Wb-123 Recombinant Proteins Expression 

The transformation of ECOS-BL21 (DE3) (Code#312-065334) chemically com-
petent cells with the pET52b expression vectors encoding Wb-SXP-1 and Wb-123 
DNA, respectively, was successful. Growth density of these transformed cells 
before the addition of Isopropyl β-D-1thigalactosidase (IPTG) was 3.75 cells/mL 
and 3.91 cells/mL, for Wb-SXP-1 and Wb-123 culture respectively. The supple-
mentation of IPTG into the culture to induce protein expression thus resulted 
into anincreased cells growth density to 5.56 cells/mL and 6.88 cells/mL, for 
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Wb-SXP-1 and Wb-123 culture respectively (See Table 1). 

3.2. Wb-SXP-1 and Wb-123 Recombinant Proteins Purification  
and Quantification 

Wb-SXP-1 recombinant protein was expressed as soluble fraction while rWb-123 
proteins were expressed as insoluble fraction. Both rWb-SXP-1 and rWb-123 
proteins were successfully purified using Immobilized Metal Affinity Chroma-
tography (IMAC) using TALON-Accept resin (Code#635503, Takara Bio Inc.). 
Quantification of these proteins at 562 nm using the Nano-drop machine indi-
cated that rWb-SXP-1 proteins had higher concentration of 2.97 mg/mL com-
pared to rWb-123 proteins with 1.134 mg/mL (See Table 2). Purified samples of 
both Wb-SXP-1 and Wb-123 recombinant antigens were analysed using 10% gel 
(SDS-PAGE).  

The two proteins obtained presented to have molecular weights of 20.8 kDa 
and 70.4 kDa for rWb-SXP-1 and rWb-123 antigens respectively as shown in 
Figure 1. This was confirmed by western blotting with anti His Tag HRP di-
rect-tagged antibodies and CBB. 
 
Table 1. E. coli cells growth density before and after addition of IPTG. 

Antigen Before IPTG After IPTG 

Wb-SXP-1 3.75 cell/mL 5.56 cell/mL 

Wb-123 3.91 cell/mL 6.88 cell/mL 

 
Table 2. Protein quantification using BCA assay kit. 

Sample name Auto conc. (mg/mL) Absorbance (562 nm) 

Wb-SXP-1 2.97 2.636 

Wb-123 1.134 1.087 

 

  
(a)                                                (b) 

Figure 1. (a) Western Blot Analysis in 10% SDS-PAGE of the rWb-SXP-1 and rWb-123 proteins.M: Precision Marker (KDa); 1: 
rWb-SXP-1 protein; 2: rWb-123 protein. (b) Gel stained in CBB; M: Precision Marker (KDa); 1: rWb-SXP-1 protein; 2: rWb-123 
protein. 

https://doi.org/10.4236/ajmb.2023.132007


S. K. Mageto et al. 
 

 

DOI: 10.4236/ajmb.2023.132007 104 American Journal of Molecular Biology 
 

3.3. Wb-SXP-1 and Wb-123 Recombinant Proteins Coupling and  
Confirmation 

The amount of rWb-SXP-1 and rWb-123 antigens coupled on microsphere 
beads was successfully determined using a reaction with phycoerythrin-conjugated 
antibody against the poly-histidine tag. Based on statistical analysis results indi-
cated that the antigens were effectively coupled on the magnetic beads. Recom-
binant Wb-123 antigens showing the average Median Fluorescence Intensity of 
27,477 while rWb-SXP-1 antigens had an average of 16407.5 in comparison to 
naked beads with Median Fluorescence Intensity of 36 as its essence was for 
background check on the Bio-plex machine (Figure 2). 

3.4. Wb-123 and Wb-SXP-1 Recombinant Antigens  
Immuno-Reactivity 

Based on statistical analysis, Figure 3 gives a summary of the analysis conducted 
on the data set. Fluorescence signals for the rWb-123 and rWb-SXP-1 antigens 
are shown in box plots. Based on the box plots, rWb-SXP-1 antigens had higher 
MFI (Median Fluorescence Intensity) than Wb-123 recombinant antigen when 
tested against negative samples, W. banchrofti positive, and B. malayi sera sam-
ples.  

In Figure 4 Wb-SXP-1 recombinant antigens presented an AUC of 0.959 
(95.9% of accuracy) with 95% CI having the proportional mean between 0.913 
and 1.000. While rWb-123 antigen exhibited AUC = 0.799 (79.9% of accuracy) 
with 95% CI having the proportional mean between 0.673 and 0.92 (see Table 
3). The P-values for rW-SXP-1 and rWb-123 antigens were both obtained as 
P-value (<0.0001) which is less than level of significance, alpha = 0.05. Thus, the 
null hypothesis is rejected and we can conclude that the rWb-SXP-1 and 
rWb-123 antigens have diagnostic potential for lymphatic filariasis. 
 

 
Figure 2. Bead coupling confirmation of Wb-123 and Wb-SXP-1 recombinant antigens 
using anti-poly-His tag antibody. 
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(a)                                                 (b) 

Figure 3. Fluorescence signals of Wb-123 and Wb-SXP-1 recombinant antigens against negative control (NC), W. banchrofti 
(Wb), sera samples. The horizontal bars in the centre represent medians, whereas the red crosses denote means. The first and 
third quartiles are represented by the lower and upper box boundaries, respectively, while the box’s whiskers represent the mini-
mum and maximum values. The spots that appear outside the top and lower whisker edges identify outliers. Fold changes between 
infections were determined based on the medians median values. 
 

 
(a)                                                 (b) 

Figure 4. Receiver Operating Characteristic (ROC) curves. (a) Wb-SXP-1 recombinant antigens tested against Wuchereria ban-
chrofti positive sera samples. (b) Wb-123 recombinant antigens tested against Wuchereria banchrofti positive sera samples. 
 
Table 3. Sensitivity, specificity, PPV, NPV and Area under the Curve (AUC) of Wb-SXP-1 and Wb-123 recombinant antigens 
summary. 

Antigens Infection Sensitivity 
95% CI 

Specificity 
95% CI 

AUC PPV NPV Cut-off 
Lower Upper Lower Upper 

Wb-123 W. banchrofti 0.871 0.704 0.953 0.760 0.561 0.887 0.799 0.818 0.826 968 

WbSXP-1 W. banchrofti 0.871 0.704 0.953 0.960 0.786 1.000 0.959 0.964 0.857 2714 
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(a)                                                 (b) 

Figure 5. Immuno-reactivity curves. (a) Wb-SXP-1 recombinant antigens sensitivity and specificity to W. banchrofti positive sera 
samples. (b) Wb-123 recombinant antigens sensitivity and specificity to W. banchrofti positive sera samples. 

 
Wb-SXP-1 recombinant antigens were able to distinguish between positive 

and negative samples for W. banchrofti serum with 2714 as optimal cut-off, 
having 87.1% sensitivity and 96.0% specificity with PPV and NPV of 96.4% and 
85.7% respectively (see Table 3). While, Wb-123 antigens were able to distin-
guish between positive and negative samples for W. banchrofti serum with 968 
as optimal cut-off, having 87.1% sensitivity and 76.0% specificity with PPV of 
81.8% and NPV of 82.6% (see Table 3). However, rWb-SXP-1 antigens pre-
sented a higher specificity of 96.0% to W. banchrofti positive serum samples 
compared to 76.0% specificity of Wb-123 antigens (Figure 5). 

4. Discussion 

To enable progress toward achieving the Sustainable Development Goal (SDG) 
of 2030, in accordance with the WHO road-map towards the total worldwide 
elimination of neglected tropical diseases [27], acquiring reliable diagnostic me-
thods that are specific, sensitive rapid and relatively inexpensive to perform on 
large numbers of sample capable of supporting the program to success is of great 
importance [15]. The use of antibody-based tests to identify exposure to filarial 
parasites has gained attention as diagnostic techniques, providing possible early 
warning signals of W. banchrofti transmission [28] [29]. Parallel to results of 
previous studies [20] [21], W. banchrofti antigens, Wb-123 and Wb-SXP-1 re-
combinant plasmids were successfully transformed into Escherichia coli strain 
BL21 (DE3) and the genes were induced to express the specific proteins by the 
supplementation of Isoproplyl-β-d-1-thiogalactopyranoside (IPTG) to the cul-
ture. Binding of IPTG to the lac operon, releasing the lac operator in an allosteric 
manner thus allowing the transcription of the specific Wb-123 and Wb-SXP-1 an-
tigens, was evidenced by the increase of Cells growth density increased to 5.56 
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cells/mL (rWb SXP-1 antigens) and 6.88 cells/mLµ (rWb-123 antigens) when 
compared to cells growth density before the addition of IPTG. Protein extraction 
resulted to Wb-SXP-1 proteins as soluble fraction while rWb-123 proteins as 
insoluble fraction had presence of inclusion bodies. Previous studies [30] [31] 
[32] suggest that insolubility of rWb-123 expressed proteins could be as a result 
of IPTG inducer concentration being high and presence of strong promoter sys-
tems that might resulted to expression of the rWb-123 proteins at a high transla-
tional rate, exhausting bacterial protein quality control system and the partially 
folded and misfolded protein molecules aggregated to form inclusion bo-
dies.Purification of these proteins using immobilized metal affinity chromato-
graph (IMAC) parallel to previous studies [33] [34] was successful with the 
purpose of preventing non-specific binding of antibodies other that those spe-
cifically synthesized against W. banchrofti. This was confirmed through BSA 
protein quantification where protein rWb-SXP-1 proteins had higher concentra-
tion of 2.97 mg/mL compared to rWb-123 proteins with a protein concentration 
amount of 1.134 mg/mL a result likely to have been contributed by inefficient 
recovery proteins from the inclusion bodies. Similar to studies done earlier [34] 
[35], separation of rWb-SXP-1 and rWb-123 proteins through SDS PAGE 
yielded molecular weights of 20.8 kDa and 70.4 kDa respectively and purity and 
quality levels was confirmed through western blot and Coomassie brilliant blue 
staining. 

The multiplex assay technique is based on the same theoretical ideas as the 
ELISA technology and the interpretation of the results of the microsphere-based 
multiplex serological assays is comparable to that of the ELISA results [21]. 
Nevertheless, compared to ELISA, the multiplex assay technique allows re-
searchers to examine numerous analytes concurrently, yielding more data from 
a smaller sample volume in a shorter amount of time [36]. Utilizing W. ban-
chrofti sera (two microliters), microsphere-based multiplex technology evalua-
tion of Wb-SXP-1 and Wb-123 recombinant antigens was done simultaneously 
and results were obtained within a short period. These findings are consistent 
with past studies in which numerous antigens were assessed utilizing multiplex 
technology against several pathogens, demonstrating advances in serological de-
tection such as speed, repeatability, and need for fewer samples [37] [38] [39]. 

Based on statistical analysis of data generated from multiplex technology as-
say, generated ROC curves for both rWb-SXP-1 and rWb-123 antigens against 
W. banchrofti, indicated that the two antigens are capable of detecting immu-
noglobulin G4 (IgG4) antibodies in human sera synthesized specifically against 
W. banchrofti infections. Both the rWb-SXP-1 and rWb-123 antigens assay re-
vealed 87.1% sensitivity to serum from W. banchrofti patients an outcome that 
was lower when compared to previous investigation outcomes where ELISA and 
Rapid tests were used and sensitivity was found to be greater than 90% [35] [37] 
[40] [41]. However, despite the fact that both antigens had diagnostic capabilities 
of W. banchrofti for LF diagnosis, when AUC values from ROC analysis were 
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considered, Wb-SXP-1 antigens yielded an AUC value of 0.959, indicating a 
95.9% chance of correctly distinguishing between positive and negative samples 
of W. banchrofti with a higher specificity of 96%, PPV of 96.7%, and NPV of 85. 
This was in contrast to Wb-123 recombinant antigens, which had a lower AUC 
value of 0.799, specificity of 76%, PPV of 81.8%, and NPV of 82.6%. Hence, 
Wb-SXP-1 recombinant antigens were demonstrated to be of higher specificity 
than Wb-123 recombinant antigens when used for diagnosis of W. banchrofti in 
human sera. 

5. Conclusion 

Based on the immune-reactivity reaction of rWb-SXP-1 and rWb-123 antigens, 
results indicated that W. banchrofti infections can be detected by antibody pro-
filing with excellent diagnostic sensitivity and specificity using microsphere-based 
multiplex serological tests. To improve the monitoring and assessment of lym-
phatic filariasis infections in endemic areas, rWb123 and rWb-SXP-1 micro-
sphere-based multiplex serological tests can be particularly practical for screen-
ing a large number of sera samples and/or for quick, extensive field-testing due 
to the high-throughput, quick formats applied. 
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