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Abstract Human strongyloidiasis is a deleterious gastrointes-
tinal disease mainly caused by Strongyloides stercoralis infec-
tion. Strongyloides stercoralis is a soil-transmitted helminthi-
asis that is distributed around the globe. Although definitive
diagnosis is carried out through the detection of parasite ob-
jects in human stool samples, the development of reliable
immunological assays is an important alternative approach
for supportive diagnosis. We characterized the two sensitive
and specific bands of S. stercoralis filariform larvae that
reacted with human strongyloidiasis sera based on immuno-
blot analysis. Serum samples obtained from strongyloidiasis
patients showed a sensitivity of 90 and 80 % at the approxi-
mate molecular mass of 26 and 29-kDa polypeptide bands,
respectively. The reactive specificity of the 26-kDa band was
76.5 % while for the 29-kDa band was 92.2 %. Proteomic
analysis identified the 26-kDa band protein was 14-3-3

protein zeta, while the 29-kDa band protein was ADP/ATP
translocase 4. The results provided a basic framework for
further studies regarding the potential of the S. stercoralis
recombinant antigen to become a leading to diagnostic tool.
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Introduction

Human strongyloidiasis is a serious gastrointestinal disease
mainly caused by Strongyloides stercoralis infection. It is a
soil-transmitted helminthiasis that is distributed throughout
the world, particularly in Southeast Asia, Latin America,
Sub-Saharan Africa, and parts of the southeastern USA
(Siddiqui and Berk 2001; Olsen et al. 2009; Casavechia
et al. 2016), where there are an estimated 30 to 100 million
people infected (Bethony et al. 2006; Olsen et al. 2009).
This might be an underestimate of the true number of infec-
tions, due to the low sensitivity of diagnostic methods and
the fact that diagnosis is often delayed. There are three ma-
jor factors responsible for delayed diagnosis, including the
presence of subclinical cases, the fact that parasite load is
usually low or displays irregular larvae output, and the lack
of a gold standard diagnostic test (Olsen et al. 2009; Valerio
et al. 2013). Strongyloidiasis is primarily diagnosed by de-
tecting larvae in stool samples using method such as direct
fecal smear examination, Baermann concentration, formalin-
ethyl acetate concentration, Harada-Mori filter paper culture,
and agar plate cultures (Olsen et al. 2009). The devel-
opment of reliable immunological assays is an important
alternative approach for strongyloidiasis diagnosis (Levenhagen
and Costa-Cruz 2014; Eamudomkarn et al. 2015). Immunoblot
analysis has been reported as a method for detection of the
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specific antibody against various antigenic polypeptide bands
(Sato et al. 1990; Northern and Grove 1990; Conway et al.
1993, 1994; Atkins et al. 1999; Sudre et al. 2007). Recently,
proteomic analysis for helminth proteins, such as those of
S. stercoralis third-stage larvae (L3), have become available
(Marcilla et al. 2010). However, there is a lack of knowledge
regarding antigenic proteins related to human strongyloidiasis
sera. In this research, we characterize the diagnostic polypeptides
of S. stercoralis L3 that reacted with human strongyloidiasis sera
based on immunoblot analysis and followed by their proteomic
analysis. The results provided a basic framework for further stud-
ies regarding the potential of the S. stercoralis recombinant anti-
gen to become a leading to diagnostic tool.

Materials and methods

Strongyloides stercoralis antigens

Strongyloides stercoralis L3 was obtained from fecal samples
from an infected patient using the filter paper culture tech-
nique (Harada and Mori 1955). The L3 samples were washed
several times in distilled water and then stored at −20 °C until
use.

One hundred microliters of the frozen-packed S. stercoralis
L3 was homogenized with a tissue grinder directly into 300 μl
of sample preparation solution consisting of 7 M urea, 2 M
Thiourea, 2 % (w/v) CHAPS and supplemented with protease
inhibitor (Roche Diagnostic GmbH, Mannheim, Germany).
The extraction was then sonicated with an ultrasonic disinte-
grator and centrifuged at 10000×g for 30 min at 4 °C. The
supernatant was assayed for protein concentration using the
Quick Start Bradford Protein Assay (Bio-Rad Laboratories
Inc, CA). The sample was kept at −70 °C until further
analysis.

Human sera

A total of 61 human serum samples were supplied by the
frozen bank (−70 °C). The sera samples which were con-
firmed using parasitological methods were divided into three
groups as follows: (i) the strongyloidiasis group (N = 10),
which were found to positive Strongyloides objects by agar
plate culture method (Koga et al. 1991); (ii) the other parasitic
infections group (N = 45); and (iii) the negative control group
(N = 6). The other parasitic infections group consisted of se-
rum samples from patients with other parasitic infections than
strongyloidiasis. Their infections were confirmed by parasito-
logical methods (Elkins et al. 1986), including hookworm infec-
tion, opisthorchiasis viverrini, ascariasis, taeniasis, trichuriasis,
paragonimiasis, and capillariasis excepted trichinellosis, fascioli-
asis, angiostrongyliasis, and gnathostomiasis cases were the
proven cases whose diagnosis were confirmed by worm

recovery. The negative control group was composed of samples
from healthy adult volunteers from non-endemic areas whose
stool examinations were found to be negative for intestinal par-
asitic infection using the formalin-ethyl acetate concentration
method (Elkins et al. 1986) (Table 1). Pooled positive reference
sera were prepared by combining equal volumes of all those
strongyloidiasis sera, whereas pooled negative reference sera
were combined by combining equal volumes of sera from
healthy control individuals. These were used for observing the
day-to-day variation in the immunoblotting analysis.

Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)

The S. stercoralis L3 extract (150 μg per lane of 6.5 cm width)
was resolved separately using 12 % SDS-PAGE under reducing
conditions (Laemmli 1970). After electrophoresis, the resolved
polypeptides were electrophoretically transferred to a nitrocellu-
lose membrane for immunoblotting (Towbin et al. 1979). For
subject to mass spectrometric analysis, S. stercoralis L3 extract
(10 μg protein) was loaded into 12 % SDS-PAGE well (0.5 cm
width). After electrophoresis, gel was stained with Colloidal
Coomassie Blue. The high sensitive and specific polypeptides
bands were excised into 0.1 × 0.5 cm for protein identification
by mass spectrometry (Fig. 1).

Immunoblot analysis

The antigen-blotted nitrocellulose membranes were blocked
with 3 % skim milk for 30 min at room temperature [3 %
skimmed milk in 0.1-M phosphate-buffered saline, pH 7.5,
containing 0.1 % Tween 20 (Sigma, St. Louis, MO) (PBST)]

Table 1 Reactive frequencies of different serum samples against two
specific diagnostic polypeptide bands observed in immunoblot analysis

Type of serum samples Immunoblot reactivity with (no. positive/total)

26-kDa band 29-kDa band

Strongyloidiasis 9/10 8/10

Hookworm infection 3/5 1/5

Opisthorchiasis viverrini 3/5 1/5

Ascariasis 0/5 0/5

Taeniasis 3/3 1/3

Gnathostomiasis 0/5 0/5

Trichinellosis 0/5 0/5

Capillariasis 1/3 0/3

Fascioliasis 0/3 0/3

Paragonimiasis 1/3 1/3

Angiostrongyliasis 1/3 0/3

Trichuriasis 0/5 0/5

Healthy control 0/6 0/6
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and washed twice with the washing solution (1% skimmilk in
PBST). They were then cut vertically into strips of 0.3 ×
5.5 cm. One strip was incubated with one serum sample for
2 h (1:100 dilution in the washing solution) with gentle
rocking, washed five times with washing solution, and then
incubated for 2 h at room temperature with a horseradish
peroxidase-conjugated goat anti-human antibody (Invitrogen
Corporation, Camarillo, CA) (1:10000 dilution in the washing
solution). Antibody reactions were visualized using 3,3-
Diaminobenzidine tetrahydrochloride hydrate (Sigma) and
hydrogen peroxide were used as chromogenic substrates.

Mass spectrometry and data analysis

Colloidal Coomassie Blue stained of the interested specific
bands that reacted with human strongyloidiasis sera via im-
munoblotting were manually excised and subjected to in-gel
tryptic digestion (Promega, Madison, WI) and mass spectro-
metric analysis. The tryptic digested samples were analyzed
using a nano-liquid chromatography system (EASY-nLC II,
Bruker) coupled with a QTOF mass spectrometer
(MicrOTOFQ-II, Bruker) equipped with an ESI nano-sprayer.
LC–MS/MS spectra were analyzed using Compass Data
Analysis v.4.0. Compound lists were exported as Mascot ge-
neric files (mgf) for further reference using the MASCOT
program (www.matrixscience.com). Protein identification
was performed by searching against the protein database
from NCBI (All entries) using MASCOT MS/MS Ion
Search program with the initial search parameters—enzyme:

none; carbamidomethylation (C) as fixed modification, and
oxidation (HW) and oxidation (M) as variable modification;
peptide mass tolerance of 0.5 Da and fragment mass tolerance
of 0.6 Da; a peptide charge state of +1, +2, +3. The identified
proteins were assigned to the UniProt database (http://www.
uniprot.org/) and described in terms of gene ontology (GO)
based on molecular function, cellular component, and biolog-
ical process. The equipment was provided by Khon Kaen
University Research Instrument Center, Thailand.

Results

The Colloidal Coomassie Blue staining of the S. stercoralis
L3 extract is shown in Fig. 1. The immunoblotting results are
shown in Table 1 and Fig. 1. Serum samples obtained from
strongyloidiasis patients showed a sensitivity of 90 and 80 %
when reacted with the polypeptide bands at approximately 26-
kDa and 29-kDa, respectively. The reactive specificity of the
26-kDa band was 76.5 % while that of the 29-kDa band was
92.2 % (Table 1).

The 26-kDa and 29-kDa specific bands were analyzed
using mass spectrometry. The proteins were identified using
the Mascot program (Table 2). Since there was limited infor-
mation regarding the S. stercoralis gene sequences, identifica-
tion of the respective proteins was based on matches to ho-
mologous proteins from Strongyloides ratti. The 26-kDa band
protein identified was 14-3-3 protein zeta. While, the 29-kDa
band protein identified was ADP/ATP translocase 4.

Fig. 1 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
analysis of the Strongyloides stercoralis third-stage larval extract (left)
and their representative immunoblotting reaction patterns (right). Lane
M, molecular mass markers and lane Ss protein, the S. stercoralis extract
was stained with Colloidal Coomassie Blue. Blots developed with sera
from (1), pooled healthy control (2), pooled positive reference (3–5),
strongyloidiasis (6), hookworm infection (7), opisthorchiasis viverrini

(8), ascariasis (9), taeniasis (10), gnathostomiasis (11), trichinellosis
(12), capillariasis (13), fascioliasis (14) paragonimiasis (15),
angiostrongyliasis (16) trichuriasis, and (17–18), individuals healthy
control sera. Molecular mass markers are indicated on the left. The
arrows indicate the protein (on the left) and immunoreactive bands (on
the right) at approximately 26 and 29 kDa
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Discussion

Previous studies have presented various antigenic polypeptide
bands from S. stercoralis L3 extract that react with human
strongyloidiasis sera (Sato et al. 1990; Conway et al. 1993;
Atkins et al. 1999; Sudre et al. 2007). The polypeptide bands
at the approximate molecular mass of 26, 41, 66, and 97 kDa
from S. stercoralis larvae were frequently recognized by the
strongyloidiasis patients’ sera (Sato et al. 1990). The major
immunodominant antigens, which were composed of 29, 30,
31, 33, 33.5, 36, 44, and 56 kDa, were reacted with the IgG1,
IgG4, and IgE antibodies from human strongyloidiasis sera
(Atkins et al. 1999). Conway et al. (1993) reported that the
immunodominant bands at the approximate molecular mass
of 28, 31, and 41 kDa were reactive with human
strongyloidiasis sera, while Sudre et al. (2007) reported that
the prominent 21, 26, and 33 kDa protein bands were reactive
against human strongyloidiasis serum samples with a high lev-
el of frequency.

Our study showed the protein bands at the approx-
imate molecular mass of 26 and 29 kDa were the
sensitive and specific bands for diagnosis of human
strongyloidiasis. The evidence led us to conduct a
proteomic characterization of these two antigenic
bands by mass spectrometry for identification of the
peptide fragmentation information and gene ontology.
The aim is to use this knowledge to develop stable
mass production of the sensitive and specific antigenic
proteins for serodiagnosis of human strongyloidiasis
using recombinant technology.

Each 26 and 29-kDa diagnostic polypeptide of S. stercoralis
L3 was characterized using mass spectrometry, the 26-kDa
band was identified as 14-3-3 protein zeta whereas the 29-
kDa band was identified as ADP/ATP translocase 4.

The 14-3-3 proteins are a large family of widely
expressed 24 to 33-kDa acidic proteins, as a key molecule
in physiology of parasites (Siles-Lucas Mdel and Gottstein
2003). Their function is in binding specific proteins and they
play a major role in basic cellular events related to cellular
proliferation, including signal transduction, cell-cycle con-
trol, cell differentiation, and cell survival (Siles-Lucas et al.
2008). These proteins have been reported to be important in
several parasites, and have mostly been studied in
Echinococcus granulosus and Echinococcus multilocularis
(Siles-Lucas et al. 2001; Nunes et al. 2004; Pan et al. 2010).
They also play an important role in nematode larval devel-
opment in plant-parasitic nematodes (Jaubert et al. 2004).
Siles-Lucas Mdel and Gottstein (2003) have suggested these
proteins offer a good target for vaccines and anthelmintic
drug development. Interestingly, a related protein,
Schistosoma bovis 14-3-3 protein zeta (Sb14ζ), has been
used as a vaccine against S. bovis and Schistosoma mansoni
in mice (Siles-Lucas et al. 2007; Uribe et al. 2007).T
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The ADP/ATP translocases are composed of various iso-
forms (Dolce et al. 2005; Hu et al. 2007; Leung et al. 2013)
which belong to the mitochondrial carrier family and play a
central role in aerobic eukaryotic cells. This function is related
to the transport of ADP into the mitochondrial matrix and ATP
out from the matrix for cell utilization (Dahout-Gonzalez et al.
2006; Leung et al. 2013). Recently, Hu et al (2007) isolated
and characterized Tv-ant-1 gene encoding of an ADP/ATP
translocase of Trichostrongylus vitrinus, an important parasitic
round worm found in small ruminants. They suggested that
ADP/ATP translocase proteins play a key role in the develop-
ment and/or apoptotic processes in T. vitrinus (Hu et al. 2007).

Characterization of the two diagnostic polypeptides of
S. stercoralis L3 described in this study could be used as
supporting data in the production of recombinant antigenic
protein for the development of diagnostic methods.
Moreover, it could potentially be used in the production of
vaccine candidates or for drug target design. This is a novel
study of the S. stercoralis proteins based on immunoblot anal-
ysis and a proteomic approach.
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