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Development of an Antigen Detection ELISA for Bancroftian Filariasis Using BmSXP-Specific
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Abstract. Lymphatic filariasis is a mosquito-borne parasitic disease responsible for morbidity and disability that
affects 1.2 billion people worldwide, mainly the poor communities. Currently, filarial antigen testing is the method of
choice for the detection of bancroftian filariasis, and to date, there are two commonly used tests. In the present study, a
recently reported recombinant monoclonal antibody (5B) specific to BmSXP filarial antigen was used in developing an
ELISA for the detection of circulating filarial antigen in sera of patients with bancroftian filariasis. The performance of the
ELISA was evaluated using 124 serum samples. The ELISA was positive with all sera from microfilaremic bancroftian
filariasis patients (n = 34). It also showed 100% diagnostic specificity when tested with sera from 50 healthy individuals
and 40 patientswith other parasitic diseases. The developed assay using the novel 5B recombinantmonoclonal antibody
could potentially be a promising alternative antigen detection test for bancroftian filariasis.

INTRODUCTION

Lymphatic filariasis (LF) is a debilitating mosquito-borne
parasitic disease caused by three species of tissue/blood
helminths, namely, Wuchereria bancrofti, Brugia malayi, and
Brugia timori. Of the three species, W. bancrofti infection
(bancroftian filariasis) is responsible for 90% of the infections.
Lymphatic filariasis is a neglected tropical disease associated
with poverty in 53 countries.1 The 2016 Global Burden of
Disease reported that LF accounted for 189 million disability-
adjusted life years.2 In the year 2000, the World Health Orga-
nization established the Global Programme to Eliminate
Lymphatic Filariasis (GPELF) to eliminate LF as a public health
problem by the year 2020. The GPELF requires accurate di-
agnostic tools for various phases of its program.
Good diagnostic tests for detecting and quantifying circu-

lating filarial antigens in humans have been developed for
bancroftian filariasis.3–9 These tests are sensitive and specific,
they do not require the presence of circulating larvae called
microfilariae (mf), the blood sample can be taken at any time,
and they can detect both the microfilaremic and amicrofi-
laremic cases. To date, there are two established commercial
antigen detection tests for patient diagnosis, research, or
GPELF.10 The first is Og4C3 ELISA (Cellabs Pty Ltd., New
SouthWales, Australia), the first commercialized test to detect
circulatingW.bancrofti antigen in serum,plasma, or hydrocele
fluid. The test showed high diagnostic sensitivity and was
reported not to cross-react with other helminthic infections.11

The other antigen detection test is a point-of-care lateral flow
cassette test, called Alere Filaria Test Strip (FTS) (Abbot,
Scarborough, ME), which is a modified version of Alere
BinaxNOW® Filariasis (Alere, Scarborough, ME) card test
(immunochromatography test). Because of its field applica-
bility and high diagnostic value, it is the tool used by the
GPELF in bancroftian filariasis areas.12 The rapid test is easy
to perform, is highly sensitive and specific, and requires no
equipment.

We have previously produced a novel recombinant mono-
clonal antibody (5B) to a known filarial antigen, BmSXP.13 The
protein is a highly immunogenic antigen for LF and is presently
used as a test line in the commercially available PanLF Rapid
and BLF Rapid tests (Reszon Diagnostics International,
Selangor,Malaysia). In the present study, the 5B antibodywas
used as the detecting antibody together with a polyclonal
antibody as the capture antibody in developing an ELISA for
the detection of circulatingW. bancrofti antigen in the human
serum sample. The findings from this study may help to ad-
dress some gaps in the serodiagnosis of bancroftian filariasis.

MATERIALS AND METHODS

Serumsamples.A total of 124 human serum sampleswere
used in this study, comprising sera from individuals with
W.bancroftimf (n=34), healthypeople (n=50), and individuals
with other parasitic infections (n = 40). The latter comprised
serum samples from the following infections: B. malayi (n = 7);
Toxocara sp. (n = 4); Strongyloides stercoralis (n = 4); Trichuris
trichiura (n = 4);Ascaris lumbricoides (n = 4); hookworm (n= 4);
Toxoplasma gondii (n = 5); Echinococcus granulosus (n = 4);
and Entamoeba histolytica (n = 4). The USMHuman Research
Ethics Committee approved the use of the stored and ano-
nymized serum samples for diagnostic test evaluation.
Production and purification of polyclonal antibodies.

Recombinant BmSXP protein was expressed and purified
according to the method described in our previous report.14

The procedure for the production of polyclonal antibody
against BmSXP was also based on a previously published
report from our group.15 Briefly, the BmSXP antigen was
emulsified with an equal volume of Freund’s complete adju-
vant (Sigma Chemical Co., St. Louis, MO) and injected sub-
cutaneously into eight sites on the rabbit. Thiswas followedby
three immunization boosts with 2-week intervals using the
same volume of antigen in Freund’s incomplete adjuvant
(Sigma). The rabbit was killed 10 days after the final boost to
harvest the hyperimmune serum. The anti-BmSXP rabbit
polyclonal antibody was purified using Melon IgG Purification
Spin Column (Thermo Fisher Scientific, Rockford, IL)
according to the manufacturer’s instructions. The titer of the
purified polyclonal antibody was determined by performing
serial dilutions. The use of animals in this study was approved
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by the USM Animal Research Ethics Committee [Animal Eth-
ics Approval/2011/(74)(343)].
Production of recombinant monoclonal antibody pro-

tein and conjugation with horseradish peroxidase (HRP).
The 5B recombinant monoclonal antibody protein was iso-
lated using phage display technology and produced as
previously described.13,16 Briefly, the 5B monoclonal plas-
mid was transformed into SHuffle® Express Escherichia coli
cells (New England Biolabs) and expression was performed
in 1 L 2-YT broth supplemented with 100 μg/mL ampicillin
and 0.2%glucose. The culturewas grown at 37�Cat 200 rpm
until the OD600 reached 0.6–0.7, then induced with 1 mM
isopropyl-B-D-thiogalactopyranoside, and further cultured
for 16 hours at 25�C with 180 rpm shaking. The purification
was carried out using C-terminal His-tag with a nitrilotri-
acetic acid (Ni-NTA) purification column (Qiagen GmbH,
Hilden, Germany) according to the manufacturer’s instruc-
tions. The purified protein was then conjugated with HRP
following the manufacturer’s instructions (Thermo Fisher
Scientific). The success of HRP conjugation was validated by
performing Western blot. The 5B-HRP was then used as a
secondary antibody in the 5B-ELISA.
5B-ELISA. Checkerboard titrations determined the optimal

concentrations/dilutions of the anti-BmSXP IgG, serum
sample, and 5B-HRP conjugate. Maxisorp microtiter plates
(Nunc, Thermo Fisher Scientific, Rochester, NY) were coated
with anti-BmSXP IgG polyclonal antibody in coating buffer
(sodium carbonate/bicarbonate buffer, pH 9.6) for 1 hour at
37�C on a plate shaker (600 rpm). The coated plate was
washed and incubated with 3% blocking solution (bovine
serum albumin in phosphate-buffered saline [PBS], pH 7.2,
containing 0.05% Tween) for 2 hours at 37�C at 600 rpm.
Subsequently, the plate was washed, and the serum samples
were added. It was first incubated for 1 hour at 37�C at
600 rpm, followed by overnight incubation at 4�C at 300 rpm.
After another washing step, the plate was incubated with 5B-
HRP conjugate for 1 hour at 37�C at 600 rpm. Finally, the
substrate (2,29-azino-bis [3-ethylbenzothiazoline-6-sulfonic
acid] or ABTS) was added and incubated for 30 minutes at
37�C at 500 rpm. Absorbance readings were determined at
405 (reference 490) using a spectrophotometer (Multiskan
Spectrum;ThermoFisherScientific,Walthman,MA). All serum
samples were assayed in triplicate wells, and the average
optical density (OD) readings of the wells were recorded. Re-
peat testing was performed on samples with a SD higher than
one among the three wells.
ELISA using spiked dried blood spots. One milliliter of

venous blood from a healthy individual was collected into a
tube containing ethylenediaminetetraacetic acid and ali-
quoted 30 μL each into five tubes. The tubes were centrifuged
for 15 minutes at 3,000 × g. The plasma from each tube was
removedand replacedwith anequal volumeof serumsamples
from five different individuals withW. bancroftimf. The spiked
blood mixture was spotted on the ears of a filter paper
(TropBio, Sydney, AU) (10 μL/ear) and dried overnight at room
temperature. The same volume of healthy blood was also
dried on the filter paper as a negative control. Then, the dried
blood spots were each eluted with 500 μL PBS with 0.05%
Tween on a rotator for 4 hours at 4�C. The eluted supernatant
was centrifuged and collected as samples for ELISA. For
comparison, wells using the corresponding serum samples
were included in the same ELISA plate.

Analytical sensitivity. To determine the analytical sensi-
tivity (limit of detection) of the ELISA, recombinant BmSXP
antigen was added to a series of six tubes containing serum
sample from a healthy individual to create spiked serum (200
uL/tube) containing 50, 10, 1, 0.1, and 0.01 ug/mL of BmSXP.
Non-spiked serumwas used as a negative control. The ELISA
was performed as described previously.
Statistical analysis. The 5B-ELISA results were analyzed

using MedCalc® software version 17 (MEDCALC statistical
software, Ostend, Belgium). This software calculates the op-
timal reading of cutoff point, sensitivity, and specificity, and
area under the curve (AUC). A P-value < 0.01 was considered
statistically significant.

RESULTS

Polyclonal antibody, recombinant monoclonal antibody
protein, and conjugation with HRP. The titer of the anti-
BmSXP polyclonal antibody was determined to be 1,024,000.
TheWestern blot image in Figure 1 showed that the polyclonal
antibody recognized the 22-kDa recombinantBmSXPprotein.
Figure 2A shows the sodium dodecyl sulfate (SDS) profiles of
recombinant BmSXP and 5B monoclonal antibody proteins,
and Figure 2B shows that the 5B-HRP conjugated protein
successfully recognized the BmSXP protein band, thus con-
firming the success of the conjugation.
Antigen detection ELISA. Preliminary experiments were

conducted to determine the best choice of protein to be used
as the capture antibody and the secondary antibody for the
detectionof circulatingW.bancroftiantigen in serum. Thebest
result was obtained with anti-BmSXP IgG antibody as the
capture antibody and 5B protein as the detecting antibody.
The 5B-ELISA was first performed using BmSXP-spiked
pooled and individual serum samples. The optimum param-
eters were found to be as follows: 20 μg anti-BmSXP IgG
antibody, 1:50 serum sample, and 1:500 5B-HRP.

FIGURE 1. Western blot of theBmSXP recombinant antigen probed
with the anti-BmSXP IgGpolyclonal antibody. Arrow indicates the size
of theBmSXP recombinant antigen at ∼22 kDa. This figure appears in
color at www.ajtmh.org.
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Detection of circulating W. bancrofti antigen in serum
samples. The 5B-ELISA was performed using 124 samples
comprising sera from 34 W. bancrofti mf + individuals, 50
healthy individuals, and 40 with other infections. The results
were used to plot a receiver operating characteristic curve
(Figure 3) and distribution graph (Figure 4). It showed an ex-
cellent AUC value of 1.0 (95%CI = 0.952–1.0. P < 0.0001) and
a cutoff value (COV) of 0.309. The 5B-ELISA showed a di-
agnostic sensitivity of 100% (95% CI: 88.4–100.0%) and di-
agnostic specificity of 100% (95% CI: 92.1–100.0%).
ELISA using spiked dried blood spots. The results are

shown in Figure 5. All fivesamples eluted from the spikeddried
blood spots showed positive results (Figure 5). In comparison
with the corresponding serum samples, the dried blood
showed reductions in the OD values of 20–49%. Neverthe-
less, all the results were above assay COV.
Analytical sensitivity. The least concentration of BmSXP

that was detectable in the spiked serum sample was found to
be 0.1 μg/mL.

DISCUSSION

Phage display technology is a robust method to produce
recombinant monoclonal antibodies with high affinity to their

targets.17,18 This method enables a relatively rapid generation
of monoclonal antibodies against various targets through the
clonal selection of antibody fragments and antibody protein
expression in a prokaryotic system. Monoclonal antibodies
have been applied with success in various fields such as
molecular biology, diagnostics, therapeutics, and medical
research.19,20

The application of recombinant monoclonal antibodies in
place of conventional hybridoma monoclonal antibodies is
becoming commonplace.21 Recently, a phage-derived engi-
neered recombinant monoclonal antibody was produced
against cystic echinococcosis and was applied in clinical im-
munohistochemistry for pathological diagnosis.22 In another
study, a single-chain fragment variable (scFv) recombinant
monoclonal antibodywasproduced againstBacillus anthracis
spores. The antibody was applied in three different detec-
tion platforms (ELISA, immunofluorescence assays, and
flow cytometry) for the detection of the bacterial spores.23

In medical imaging, radioisotope-labeled recombinant

FIGURE 2. Verification of the 5B monoclonal antibody conjugated
with horseradish peroxidase (HRP). (A) SDS PAGE profile of the 5B
monoclonal antibody protein and BmSXP antigen. (B) Western blot
analysis of the BmSXP antigen probed with 5B-HRP. Arrow indicates
the size of BmSXP recombinant antigen at ∼22 kDa. This figure ap-
pears in color at www.ajtmh.org.

FIGURE 3. Receiver operating characteristic curve from analysis of
results from 75 serum samples tested with the newly developed
antigen detection 5B-ELISA. This figure appears in color at
www.ajtmh.org.

FIGURE 4. Distribution of the optical density readings of human
serum samples tested using the antigen detection 5B-ELISA. The
cutoff value of 0.309 is indicated as a line on the graph. This figure
appears in color at www.ajtmh.org.

FIGURE 5. ELISA results using spiked dried blood samples. The
cutoff optical density (OD) value of 0.309 is indicated as a line on the
graph. For each sample, the percentage reductions in OD values of
serum compared with eluted blood spots were TP3 (49%), W170
(24%), W10 (44%), 15 (29%), and W61 (20%).
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monoclonal antibodies are widely used to locate the tumor
and differentiate between cancerous and noncancerous
growths.24,25 Also, another form of a monoclonal antibody
called nanobody was produced to detect Trypanosoma con-
golense infections in livestock. This recombinant nanobody
was applied in the development of rapid diagnostic tests such
as ELISA and lateral flow assay.26

A recent study reported the construction of an scFv anti-
body clone against Wb-SXP-1 protein. It was found to rec-
ognize recombinant Wb-SXP-1 and native Wb-SXP-1 protein
in sera ofmicrofilaremic patients.27 The scFVwas constructed
using the monoclonal antibody clone derived from the mouse
hybridoma cell line against Wb-SXP-1 protein. The protein
produced was insoluble and, thus, was purified under dena-
tured condition, and then refolded. In comparison, the clone in
our present study was phage-derived, and the scFv was
produced as a soluble protein. Also, in the previous study, the
scFv monoclonal antibody was used to coat the ELISA plate,
whereas in our study, rabbit polyclonal againstWb-SXP-1was
used as the capture antibody.
Previously, we have reported on the production of a novel

monoclonal antibody (5B) specific to an important filarial an-
tigen, BmSXP, using RNA from microfilaremic persons in-
fected with a lymphatic filarial parasite, B. malayi.13 It was the
first reported monoclonal antibody for lymphatic filaria iso-
lated from the human lymphatic filaria IgG immune library
using phage display technology. The 5Bmonoclonal antibody
was derived from the IgHV3-LV3 gene family.
In the present study, the 5Bmonoclonal antibody was used

to develop an ELISA to detect the circulating filarial antigen in
sera of patients with bancroftian filariasis. This initial evalua-
tion of this assay showed excellent sensitivity and specificity.
It was able to detect allW. bancroftimicrofilaremic individuals
and did not cross-react with sera of people who were healthy
and with other infection. The ELISA was also able to detect
W. bancrofti antigens in eluted dried blood samples, albeit
with reduced OD values. Furthermore, the analytical sensi-
tivity (limit of detection) of the ELISA was found to be
0.01 μg/mL.
The5Bmonoclonal antibody is anscFv,whichconsist of the

antigen-binding domains from the heavy and light chain linked
by a flexible linker that retains its complete antigen-binding
site.28 The advantages of smaller fragments of antibodies in-
clude excellent tissue penetration, can be produced in a pro-
karyotic system which saves time and cost, highly specific,
and can be applied to various detection applications. The high
specificity of the antibody is evident from the fact that it did not
bind antigens in sera of patients withB.malayi, which is a very
closely related lymphatic filaria species. It is also interesting
because, as described previously, the phage library used in
panning for the binder came from a B. malayi patient. It is also
of note that assays to detect filarial-specific antibodies using
BmSXP recombinant antigen or a very similar molecule called
Bm14 showed cross-reactivity with sera from patients with
B. malayi infection.29,30

Currently, there are two antigen detection diagnostic test
kits for bancroftian filariasis in the market, that is, FTS and
Og4C3 ELISA. The first is being used as the diagnostic tool for
GPELF, whereas the latter is an established assay used by
many scientists because of its high-throughput and quanti-
tative features. These commercial antigen detection kits use
hybridoma-derivedmonoclonal antibodies fromheterologous

sources. The FTS lateral rapid test uses AD12 monoclonal
antibody derived fromDirofilaria immitis, a canine filaria which
can infect humans, and recognizes a 200-kDa filarial anti-
gen.30Meanwhile, theOg4C3 ELISA usesOg4C3monoclonal
antibody of the IgM isotype derived fromOnchocerca gibsoni,
a bovine filaria.31 As mentioned previously, the present anti-
gen detection 5B-ELISA uses a human recombinant mono-
clonal antibodyagainstB.malayi, a specieswhich is very close
to W. bancrofti. Because 5B-ELISA and Og4C3 ELISA use
different types of monoclonal antibodies, it would, thus, be
interesting to compare the performance characteristics of the
two ELISAs using the same panel of serum samples.
Both the commercial antigen detection tests have been

reported to be highly sensitive and specific for bancroftian
filariasis. However, recently, there have been reports of cross-
reactivity of both antigen detection tests with sera from pa-
tients with non-lymphatic human filaria, in particular, Loa
loa.32–34 Thus, in the context of theGPELF, the testswould not
be useful in detecting W. bancrofti infection in areas co-
endemic with loiasis.34

If the 5B-ELISA can exhibit specificity against Loa loa in-
fection, itmay have somepractical applications for theGPELF
activities in some parts of Africa. Unfortunately, currently, we
do not have serum samples of Loa loa patients and will be a
subject of a future study. The 5B-ELISA should also be eval-
uated using a much bigger panel of serum and eluted dried
blood samples, including samples fromW. bancrofti–infected
individuals from different regions of the world, those who are
antigen positive but amicrofilaremic (endemic normals) and
posttreatment samples. Also, attempts should also be made
to convert the 5B-ELISA into a point-of-care lateral flow test to
make it field applicable for potential use in the GPELF.
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