
����������
�������

Citation: Wongprompitak, P.;

Kusuwan, N.; Khowawisetsut, L.;

Phuakrod, A.; Pipatsatitpong, D.;

Wongkamchai, S. Molecular and

Antifilarial IgG4 Detection Using the

miniPCR-Duplex Lateral Flow

Dipstick and BmSxp-ELISA in

Myanmar Immigrant Communities.

Parasitologia 2022, 2, 27–36. https://

doi.org/10.3390/parasitologia2010003

Academic Editor: Christina Strube

Received: 7 January 2022

Accepted: 14 February 2022

Published: 17 February 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Molecular and Antifilarial IgG4 Detection Using the
miniPCR-Duplex Lateral Flow Dipstick and BmSxp-ELISA in
Myanmar Immigrant Communities
Patimaporn Wongprompitak 1, Navapon Kusuwan 2, Ladawan Khowawisetsut 3 , Achinya Phuakrod 3,
Duangnate Pipatsatitpong 2,*,† and Sirichit Wongkamchai 3,*,†

1 Department of Immunology, Faculty of Medicine Siriraj Hospital, Mahidol University,
Bangkok 10700, Thailand; patimaporn.won@mahidol.ac.th

2 Graduate Program in Medical Technology, Faculty of Allied Health Sciences, Thammasat University,
Pathum Thani 12120, Thailand; navaponkusuwan@hotmail.com

3 Department of Parasitology, Faculty of Medicine Siriraj Hospital, Mahidol University,
Bangkok 10700, Thailand; ladawan.kho@mahidol.ac.th (L.K.); lek.achinya@gmail.com (A.P.)

* Correspondence: duangnate_pipat@hotmail.com (D.P.); sirichit.won@mahidol.ac.th (S.W.)
† These authors contributed equally to this work.

Abstract: Lymphatic filariasis (LF) is an important tropical disease that affects over a billion people
in more than 80 countries and approximately 40 million people are currently suffering from severe
disfigurement and disability. A diagnostic tool is the principal impact factor to determine the
infection status of lymphatic filariasis. The purpose of the present study was to investigate nucleic
acid of Wuchereria bancrofti as well as antifilarial IgG4 in a Myanmar immigrant community living
along the Moei River, a natural border between Mae Sot, Tak province Thailand and Myawaddy,
Myanmar which is an endemic area of bancroftian filariasis. Blood was collected from 300 Myanmar
immigrants in Mae Sot district, Tak Province. The nucleic acid of W. bancrofti was assessed in
the study population using our recent published miniPCR-Duplex Lateral Flow dipstick (DLFD)
platform as well as the standard PCR technique. The antifilarial IgG4 was detected in the study
population using the developed ELISA which used BmSxp protein as antigen. The miniPCR-DLFD
method delivered results comparable to the standard PCR technique and it enables convenient and
rapid visual detection of the parasite nucleic acid. Furthermore, the ELISA using BmSxp antigen
demonstrated a sensitivity, specificity, and positive and negative predictive values of 98.1%, 98.9%,
96.3%, and 99.4% respectively. The W. bancrofti nucleic acid and antifilarial IgG4 were detected in
1.6% (5/300), and 2% (6/300) of the study population, accordingly. The results of this study also
revealed important epidemiological data about LF on the Thai–Myanmar border.

Keywords: Wuchereria bancrofti DNA; miniPCR; duplex lateral flow dipstick; DLFD; antifilarial IgG4
antibodies; Myanmar immigrant communities

1. Introduction

Lymphatic filariasis (LF) is an important tropical disease that is caused by three main
species of filarial worms (Wuchereria bancrofti, Brugia malayi, and B. timori) that inhabit
the lymph system [1]. The Global Program to Eliminate Lymphatic Filariasis (GPELF)
was launched by the WHO in 2002. The program recommended that all countries and
at-risk communities in endemic areas receive mass drug administration (MDA) to eliminate
microfilariae and interrupt transmission by mosquitoes [2]. Before the GPELF, over a
billion people in more than 80 countries were at risk of contracting LF, over 120 million
people have already been affected by the disease, and approximately 40 million people are
currently suffering from severe disfigurement and disability [3,4].

LF has historically been endemic only in some parts of Thailand, and both brugian
and bancroftian filariasis were identified [5]. From 2002 to 2011, Thailand conducted MDA
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with high coverage rates. In September 2017, the WHO acknowledged that Thailand had
eliminated lymphatic filariasis as a public health problem [5]. However, Thailand shares a
very long border with Myanmar, which has several LF endemic provinces along that border,
and W. bancrofti is the predominant causative organism. Many people from Myanmar
migrate to Thailand, so there is a risk of W. bancrofti transmission across the Thai–Myanmar
border. Among Southeast Asian countries and specific to the effect of LF, Myanmar is
considered to be a high-burden country [6].

The decision to discontinue MDA does not require the complete absence of filarial par-
asites, but rather a reduction of parasite numbers to such low quantities that transmission
will cease [7]. A diagnostic tool is, therefore, needed to determine when the prevalence
levels have decreased to a point where MDA campaigns can be discontinued without the
threat of recrudescence [8]. To achieve the goal, highly sensitive and specific diagnostic
tests are needed for close monitoring and evaluation of the LF control program.

The aims of the present study were to investigate the prevalence of antifilarial IgG4 as
well as prevalence of W. bancrofti DNA in a Myanmar immigrant community living along
the Moei River, a natural border between Mae Sot, Tak province Thailand and Myawaddy,
Myanmar which is endemic areas of bancroftian filariasis (Figure 1).
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communities living in Mae Sot, Thailand. We also assess the prevalence of W. bancrofti
DNA using our recent developed miniPCR-duplex lateral flow dipstick platform.

2. Results

Table 1 shows the age distribution of the study population, which consisted of 119
(39.7%) males and 181 (60.3%) females. The median age at the different study sites ranged
from 11 years to 30 years. The mean age of the overall study population was 26.3± 13 years.
Figure 2 shows the result of W. bancrofti DNA obtained from the miniPCR-DLFD and from
conventional PCR followed by agarose gel electrophoresis. The detection results were
similar between the two detection methods. Both assays detected W. bancrofti DNA from
5 out of 300 samples (1.6% of the study population).

Table 1. Summary of data of the study population including the age range, sex; antifilarial IgG4
antibodies and W. bancrofti DNA detected.

Age Range
(Years)

Male Female

Number Antifilarial
IgG4

W. bancrofti
DNA Number Antifilarial

IgG4
W. bancrofti

DNA

0–10 3 0 0 9 0 0
11–20 45 0 0 74 0 0
21–30 37 2 2 41 2 2
31–40 17 1 1 29 0 0
41–50 12 1 0 14 0 0
51–60 4 0 0 10 0 0
>60 1 0 0 4 0 0

Total 119 4 3 181 2 2
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ROC curve analysis was used to determine the cut-off OD value with the best sen-
sitivity and specificity for detecting of antifilarial IgG4 by the ELISA test developed for
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use in this study (Figure 3). The cut-off OD values from mean ± SD to mean ± 13.0 SD
ranged from 0.12 to 0.36. The true positive rate (or sensitivity) was plotted relative to the
false-positive rate (specificity) for different cut-off points, so each point on the ROC plot
represents a sensitivity–specificity pair corresponding to a particular cut-off OD value. The
optimal cut-off value, which yielded the highest specificity and sensitivity, was 0.2, with
a sensitivity of 98.1% and a specificity of 98.9%. Therefore, the OD of 0.2 was selected
as the cut-off value for the ELISA test developed to detect antifilarial IgG4 in this study.
Antifilarial IgG4 was detected in 2% (6/300) of the study population.
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3. Discussion

As the Global Program to Eliminate Lymphatic Filariasis (GPELF) moves towards the
achievement of this goal, the prevalence of lymphatic filariasis and rates of disease trans-
mission have decreased substantially [9,10]. Paradoxically with continued decline these
disease levels, there is an increasing need to more sensitive and specific diagnostic assays
capable of detecting low levels of parasites [11–13]. This is a major reason suggesting the
use of more than one assay for surveillance monitoring in endemic areas, especially using a
test with greater sensitivity, such as the antifilarial IgG4 antibody test. This assay may be a
more sensitive marker of filarial infection, detecting infection earlier than those detecting
antigenemia or microfilaremia [14]. Antifilarial antibody assays have been reported as
potential monitoring tools. It had been reported that antibody responses to W. bancrofti
develop prior to antigenemia, making them early markers of exposure and infection [15–17].
It appears that the antifilarial IgG4 antibody test is more sensitive than the MF thick blood
film test [18]. The post-GPLF surveillance may benefit by earlier detection of re-emergence
of the disease as well as helps to define pockets of ongoing filarial transmission and estimate
the transmission intensity in appropriate subsections of the population, such as children
of a defined age group [19,20]. One limitation of antifilarial antibody assay using crude B.
malayi antigen is cross reactivity with other nematode parasites, including Stronglyloides
stercoralis [21]. The usage of recombinant BmSxp protein as antigen for our developed
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ELISA in the present study can conquer this limitation and lead to the high efficacy of
the assay.

In the present study, an addition to testing for antifilarial IgG4, we applied our recent
published miniPCR-DLFD format to investigate W. bancrofti DNA. With regard to molecular
based diagnosis for LF, PCR-based assays are more accurate than other tools because
they detect active infections. Moreover, PCR detects infection with nocturnally periodic
strains of filariae in day time blood [11,13,17] and species identification by PCR is highly
reliable [2,12,22]. The benefit of detecting parasite DNA using miniPCR-DLFD is that
yields a rapid and simple visual diagnosis of LF. The miniPCR-DLFD demonstrated a high
sensitivity and specificity. The assay exhibited a detection limit of 2 and 4 mf per milliliter
(mL) of blood for B. malayi as well as W. bancrofti, respectively, and no cross-amplification
was observed with other parasites [23]. The duplex lateral flow dipstick (DLFD) format can
detect specific reaction mix in as little as 15 min and use only 2 µL reaction mix, whereas
agarose gel electrophoresis requires gel-analysis steps and imaging and use 10 µL sample.
Importantly, the developed lateral flow strip for detection of W. bancrofti amplicon showed
results comparable to a conventional PCR followed by agarose gel electrophoresis.

Despite LF being the cause of high disease burden in many countries and specific
endemic areas, about 65% of the infected population live in Asia, and another 30% live in
Africa [24]. Moreover, there is limited reliable information about the current epidemiology
of the disease, including in mainland Southeast Asia [8]. The prevalence of microfilaremia,
antigenemia, and antifilarial IgG4 are useful parameters for assessing LF transmission, and
to guide LF eradication program-related decision-making [5]. Collyer et al. suggested that
single prevalence measurements have poor predictive power for predicting resurgence,
because at low prevalence levels, random events dominate the transmission dynamics [25].
In countries that have completed multiple rounds of MDA, dramatic reductions in microfi-
laremia and antigenemia levels have been observed [8], thus, detection of lymphatic filaria
DNA using PCR may be a useful alternative parameter due to its ability to detect low levels
of parasites [13].

Our results showed the low prevalence of antifilarial IgG4 and W. bancrofti DNA (2%
and 1.6%). Mae Sot, the study area, is the main gateway between Thailand and Myanmar.
Mae Sot is also an important trade hub that has a substantial population of Myanmar
immigrants and refugees. The Moei River serves as a natural border between Mae Sot and
Myawaddy, which is located in Myanmar’s Kayin State [26]. Border bancroftian filariasis
caused by W. bancrofti mainly exists in Myanmar immigrant communities living along
the Thailand-Myanmar border. Bancroftian filariasis is endemic in 45 of the 65 districts of
Myanmar, and 85.5% of the population was reported to be at risk [25]; however, published
studies in the prevalence bancroftian filariasis in Myanmar are scarce [27]. One publication
reported a microfilaremia prevalence ranging from 0–2% in the Mandalay, Kayin, and
Yangon regions [27].

Measuring antibodies returns a cumulative/longitudinal history of the infection [4,15].
Thus, for all intents and purposes, the antifilarial antibody approach is much more sensitive
than the parasite DNA detection by PCR which is a time point estimation. This may explain
why the level of concurrence between the two methods in their 300 samples was not 100%.

Studies on the prevalence of LF among Myanmar immigrants living in Thailand have
been reported. Triteeraprapab and Songtrus reported a microfilaremia prevalence of 4.4%
(28.8/654) among Myanmar immigrants working in Mae Sot [28]. In 2001, Nuchprayoon
et al. detected the W. bancrofti antigen and SspI, which is a highly repeated DNA sequence
of W. bancrofti, among Thai-Karen population in Tak Province, Thailand. The prevalence of
microfilaremia, circulating antigen, and W. bancrofti DNA was 10%, 23%, and 12%, respec-
tively, among the study population [29]. Chaisiri and Phantana reported a prevalence of
W. bancrofti DNA rate of 18.5% (33/179) in human blood samples collected from bancroftian
filariasis endemic areas in Tak Province [30]. From a survey performed on 433 Thai-Karen
living in the Umphang District of Tak Province, the prevalence of microfilaremia, W. ban-
crofti antigenemia, and anti-filarial IgG4 antibody was reported to be 6%, 22%, and 54%,
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respectively [30]. Satimai et al. reported a 3.7% prevalence of antifilarial IgG4 from their
study conducted in 950 Myanmar immigrants living in Thailand [20].

Myanmar launched a National Program to Eliminate Lymphatic Filariasis (NPELF) in
the year 2001 and in 2017, all implementing units covered at least 5 rounds of successful
MDA. Given the current scarcity of LF prevalence data among Myanmar immigrants living
in Thailand, although our study was a community-level study, the observed trends in
infection prevalence are consistent with those reported from a Myanmar country-level
prevalence study [31]. Moreover, our results reveal a lower prevalence for the evaluated
parameters compared to previously reported prevalence rates. Therefore, our results
may reflect the success of Myanmar’s national program to eliminate lymphatic filariasis
(NPLF) [32], as well as the success of the screening and treatment of Myanmar immigrants
in Thailand conducted by the Thailand Ministry of Public Health [5].

The results of this study revealed important epidemiological data about LF on the
Thai–Myanmar border. The prevalence of antifilarial IgG4 and W. bancrofti DNA was found
to be 2% and 1.6%, respectively. All of these prevalence rates are lower than previous
reports. Nevertheless, to evaluate the success of GPELF, measure the parasite infection in
the vector mosquito in the endemic areas is needed as well. Application of the developed
miniPCR-DLFD assay for detecting genomic DNA from any stage of the parasite present in
the mosquito will enable a faster throughput of samples, thereby increasing the efficiency
of the assay.

4. Materials and Methods
4.1. Study Population

In April 2018, a total of 300 Myanmar immigrants were randomly selected from
Myanmar communities living in Mae Sot, Tak province, Thailand, which is located on
the Thai–Myanmar border. Peripheral venous whole blood samples that were collected
(collected in daylight hours) in ethylenediaminetetraacetic acid (EDTA) tubes were used in
this study (Figure 1).

4.2. Antifilarial IgG4 Antibody Detection by ELISA Test
4.2.1. Cut-Off Determination

An indirect ELISA test was developed to detect antifilarial IgG4 antibodies in plasma
samples of the study population. The recombinant BmSXP protein have been produced
using champion pET directional TOPO (pET100/D-TOPO) expression system (Thermofis-
cher Scientific, Waltham, MA, USA) and was used as antigen for the developed ELISA. To
determine the cut off of the developed assay, ELISA was performed in 100 plasma samples
obtained from parasite-free, healthy subjects living in non-LF endemic areas.

The assay was performed as follows: each well of the microplate was coated individ-
ually with 100 µL of the BmSXP antigen diluted in carbonate-bicarbonate buffer, pH 9.6
(5 µg/mL). The ELISA plate was incubated at 4 ◦C overnight. The unbound antigen was
washed away using phosphate-buffered saline (PBS) pH 7.4 containing 0.05% Tween-20
(PBS-T). Uncoated sites were blocked with PBS/1% bovine serum albumin (BSA)/0.2%
gelatin for 1 h at 37 ◦C. After washing as described above, 100 µL of plasma sample (di-
lution 1:100) was added into the antigen coated wells. Blank wells with only PBS, as well
as positive and negative controls, were included in each plate. The plates were incubated
at 37 ◦C for 1 h, washed, and then 100 µL of mouse monoclonal antibody to human IgG4-
horseradish peroxidase (HRP) was added into each well and incubated for another 1 h
at 37 ◦C. After washing, 100 µL of 2,2-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)
(ABTS) substrate solution was added into each well, after which the plate was kept in the
dark at RT for 30 min. The optical density (OD) of each test sample was measured at 405 nm
using an ELISA reader (TECAN, Männedorf, Switzerland). The mean OD and standard
deviation (SD) were calculated.



Parasitologia 2022, 2 33

4.2.2. Sensitivity and Specificity of the Developed ELISA Test

To determine the sensitivity of the developed ELISA test, 24 confirmed cases of
bancroftian and brugian filariasis were used as true positive samples, and 100 plasma
samples from parasite-free healthy subjects living in a non-endemic area were used as true
negative samples. Other parasitic infections included 3 Ascaris lumbricoides, 33 Strongyloides
stercoralis, 2 hookworm, 2 Capillaria phillipphinensis, 4 Ophistorchis viverrini, 3 Angiostrongylus
cantonensis, and 4 Gnathostoma spinigerum. The plasma from both healthy subjects and other
parasite-infected subjects was used to determine the specificity of the ELISA test.

4.2.3. Antifilarial IgG4 Detection in the Study Population

An indirect ELISA test using the recombinant protein BmSXP antigen was performed
to detect antifilarial IgG4 antibodies in the plasma of 300 study subjects.

4.3. Detection of W. bancrofti DNA Using a miniPCR-DLFD
4.3.1. DNA Extraction from Study Blood Samples

DNA was extracted from 50 µL of EDTA blood using a High Pure PCR Template
Preparation Kit (Roche Diagnostics, Penzberg, Germany) according to the manufacturer’s
protocol. Following extraction, the DNA was eluted in 100 µL of elution buffer and stored
at −20 ◦C until use. The DNA concentration was determined using a Nanodrop 1000
Spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). The DNA was then
subjected to polymerase chain reaction (PCR) analysis.

4.3.2. Amplification of W. bancrofti DNA by Conventional PCR and by miniPCR

DNA extracted from the 300 blood samples were amplified by conventional PCR
and the miniPCR using previously published primers targeting SspI repetitive non-coding
DNA sequences of W. bancrofti [23]. The Sequences were obtained from the National
Center for Biotechnology Information database (www.ncbi.nlm.nih.gov accessed on 7 Jan-
uary 2022; accession number L20344.1; position 13-195) [23]. The sequences of the forward
and reverse primers recognize a 182-bp region of the SspI repetitive non-coding DNA
sequence of W. bancrofti (forward 5′-CAAAGTAGCGTAAGGGAATTG and reverse 5′-
CCCTCACTTACCATAAGACAAC). Conventional PCR and miniPCR were performed
using the optimal PCR condition published recently [23]. Both conventional PCR and
miniPCR assay used the same primer set except for miniPCR, the 5′ ends of the forward
primers of SspI were labeled with fluorescein isothiocyanate (FITC). The 5′ ends of reverse
primers of SspI were labeled with biotin.

For both conventional PCR and miniPCR, the amplifications were performed in a
20 µL volume consisting of 10 µL of PCR Master Mix [23] (QuantaBio, Beverly, MA, USA),
0.2 µM of the forward and reverse primers, 7.2 µL of dH2O, and 2 µL DNA template.
Nuclease-free water was used as a negative control. DNA from blood samples containing
mf of W. bancrofti were used as positive controls. The amplification condition included an
activation step at 95 ◦C for 5 min, followed by a 30-step amplification for 30 s at 95 ◦C, 30 s
at 56 ◦C, and 30 s at 70 ◦C, with a final step at 70 ◦C for 5 min.

4.3.3. Detection of the Amplicon Using Agarose Gel Electrophoresis

Ten microliters of reaction mix obtained from conventional PCR amplification was
separated by 1.5% agarose gel-electrophoresis, stained with GelRed Prestain Dye (Biotium,
Fremont, CA, USA), and visualized under ultraviolet (UV) illumination.

4.3.4. Detection of the Amplicon Using the Duplex Lateral Flow Dipstick (DLFD)

Two microliters of reaction mix obtained from a miniPCR amplification from each
sample were added into a well of a 96-well plate containing 100 µL of sample buffer.
The duplex lateral flow dipstick was placed into the well vertically, and the reaction was
read within 15 min. A positive result was indicated by the appearance pink-colored lines

www.ncbi.nlm.nih.gov
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observable by naked eye on both the test and control lines. For a negative result, the
pink-colored line was apparent only on the control line [23].

4.4. Data Analysis

SPSS Statistics version 13 (SPSS, Inc., Chicago, IL, USA) was used non-parametric
descriptive measures. Depending on the type and distribution of data, the results were
reported as number and percentage, mean plus/minus standard deviation, or median
and range. A percentage measure of dispersion was also calculated. A receiver operating
characteristic (ROC) curve was used to determine the cut-off OD with the most favorable
overall sensitivity and specificity for detecting antifilarial IgG4 [33,34]. ROC curve analysis
was performed to identify the cut-off optical density (OD) value with the greatest sensitivity
and specificity for detecting antifilarial IgG4 using the ELISA test developed in this study.
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