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SUMMARY

Enzyme-linked immunosorbent assays (ELISAs) were
developed for the detection of IgG, IgG4 and IgE antibodies
against Strongyloides stercoralis. A commercial ELISA
(IVD Research, USA) was also used, and the sensitivities
and specificities of the four assays were determined. Serum
samples from 26 patients with S. stercoralis infection and 55
patients with other infections or no infection were analysed.
Sensitivities of the IgG4, IgG, IgE and IgG (IVD) assays
were 76�9%, 84�6%, 7�7% and 84�6%, respectively, while the
specificities were 92�7%, 81�8%, 100% and 83�6%, respec-
tively. If filariasis samples were excluded, the specificities of
the IgG4-ELISA and both IgG-ELISAs increased to 100%
and 98%, respectively. A significant positive correlation was
observed between IgG- and IgG4-ELISAs (r = 0�4828;
P = 0�0125). IgG- and IgG- (IVD) ELISAs (r = 0�309)
were positively correlated, but was not significant
(P = 0�124). Meanwhile there was no correlation between
IgG4- and IgG- (IVD) ELISAs (r = 0�0042; P = 0�8294).
Sera from brugian filariasis patients showed weak, positive
correlation between the titres of antifilarial IgG4 and the
optical densities of anti-Strongyloides IgG4-ELISA
(r = 0�4544, P = 0�0294). In conclusion, the detection of
both anti-Strongyloides IgG4 and IgG antibodies could
improve the serodiagnosis of human strongyloidiasis. Fur-
thermore, patients from lymphatic filariasis endemic areas
who are serologically diagnosed with strongyloidiasis should
also be tested for filariasis.
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INTRODUCTION

Strongyloidiasis poses a significant health threat to
humans, as approximately 30–100 million people are
infected worldwide, mostly in tropical and subtropical
countries (1,2). It is well known that Strongyloides sterco-
ralis is one of the most difficult parasitic infections to
diagnose due to the difficulty of larval detection in human
faeces, and a majority of strongyloidiasis cases involve
asymptomatic chronic infections. To decrease the likeli-
hood of disease progression to the devastating and often
fatal Strongyloides hyperinfection syndrome, the identifica-
tion and treatment of chronic intestinal strongyloidiasis
are important, especially in immunocompromised individ-
uals (3). Furthermore, untreated infected individuals may
risk the occurrence of long-term persistent Strongyloides
infections due to the ability of the parasite to replicate
within the host by autoinfection.
The absence of a gold standard test for the diagnosis of

strongyloidiasis has worsened the situation; therefore,
numerous techniques have been developed to improve the
sensitivities and specificities of the available detection
methods. These methods are either traditional parasitolog-
ical methods (i.e. faecal direct smear, formalin–ethyl ace-
tate concentration, agar plate culture, Baermann
concentration, Harada-Mori filter paper culture, and
Kato-Katz thick smear) or serological methods [e.g.
enzyme-linked immunosorbent assay (ELISA) and indirect
immunofluorescent test (IFAT)], which are useful comple-
ments to parasitological diagnoses of strongyloidiasis (4–
6). The immunodiagnosis of active or recent S. stercoralis
infections by ELISA has been reported to have
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approximately 85–95% sensitivity (7). However, these
assays show variable sensitivity and specificity, depending
on antigen preparation, immunoglobulin isotypes and the
tested populations (8).
Current guidelines from the Infectious Diseases Society

of America, the American Society of Transplantation, the
Centers for Disease Control and Prevention and the
American Society of Blood and Marrow Transplantation
recommend Strongyloides IgG-ELISA testing of patients
from endemic areas or of patients with gastrointestinal
symptoms or eosinophilia prior to solid organ transplanta-
tion or hematopoietic stem cell (including autologous)
transplantation (3,9,10). However, IgG4 antibodies have
been generally considered to be far more specific for the
detection of intestinal helminth infections compared to
IgG antibodies, which commonly cross-react with filarial
antigens (11–13). In this regard, Muck and colleagues (13)
recommend that diagnostic laboratories that use assays
based on crude filarial lysates should rule out Strongylo-
ides infections when positive antifilarial antibody
responses are obtained.
In an effort to improve the serodiagnosis of human

strongyloidiasis, this study was performed to evaluate the
sensitivities and specificities of IgG-, IgG4- and IgE-ELI-
SAs using laboratory-based ELISAs and a commercial
IgG-ELISA (IVD Research, Inc., Carlsbad, CA, USA).

MATERIALS AND METHODS

Patients and serum samples

A total of 26 serum samples were obtained from patients
with parasitologically proven Strongyloides infection, and
55 sera were obtained from patients with other infections
or with no infections (healthy controls) (Table 1). The
samples were obtained from the serum banks of the insti-
tutions involved in this study and were previously collected
according to the ethical requirements of each organiza-
tion.

Detection of S. stercoralis larvae in stool samples

Direct microscopic examination, using a normal saline
(0�9% NaCl) and iodine wet smear, was performed for
each stool sample. At least two slides were prepared from
each stool sample, and more than 30 fields were examined
per slide.

Antigen preparation

Lyophilized S. stercoralis filariform larvae were resus-
pended in 1 mL of 0�01 M phosphate-buffered saline
(PBS), pH 7�2 that contained a cocktail of protease inhibi-
tors (Roche Diagnostics, Mannheim, Germany), followed
by incubation on ice for 10 min. The mixture was then
frozen and thawed repeatedly by transfer between a liquid
nitrogen tank and a 37°C water bath, respectively, fol-
lowed by the addition of lysozyme at a final concentration
of 0�5 mg/mL and subsequent incubation on ice for
10 min. The larvae were further disrupted using a sonica-
tor, for five cycles at 30 s/cycle and a power of 1�5 Hz.
The suspension was centrifuged at 10,000 9 g for 10 min
at 4°C, and the supernatant was analysed for protein con-
tent using an RCDC assay (Bio-Rad, Hercules, CA, USA)
and then stored at �80°C. The leftover pellet was stirred
in PBS overnight at 4°C to further extract the antigen and
centrifuged at 10,000 9 g for 10 min, and the protein con-
tent of the supernatant was determined as described
above. Recombinant BmR1 antigen was previously pro-
duced in our laboratory according to a previously pub-
lished method (14,15).

Laboratory-based ELISAs for the detection of anti-
Strongyloides IgG, IgG4 and IgE

Preliminary experiments were performed to determine the
optimal conditions for ELISA, particularly antigen con-
centrations and dilutions of serum and secondary anti-
body conjugates. High-binding microtitre plates (Nunc
MaxiSorp; Nalge Nunc International, Rochester, NY)
were coated with 5 lg/mL of S. stercoralis antigen in
0�06 M carbonate buffer (pH 9�6) for IgG-ELISA, or
10 lg/ml of antigen for IgG4 and IgE-ELISA, and were
incubated overnight at 4°C. After five washes with 0�05%
Tween-20 in PBS, the wells were blocked with 3% (w/v)
bovine serum albumin (Sigma Aldrich Co, St. Louis, MO,
USA) in PBS for 1 h at 37°C. Subsequent steps were car-
ried out using PBS as the diluent, and washes with PBS-T
were performed on a plate shaker (500 rpm) between the
incubation steps. Serum samples were diluted at 1 : 100
for IgG4- and IgE-ELISAs, and 1 : 200 for IgG-ELISAs.
After incubating the serum samples for 2 h at 37°C on a

Table 1 List of serum samples used in this study

Diagnosis No. of patients

Strongyloidiasis 26
Ancylostomiasis 2
Ascariasis 3
Amoebiasis 6
Giardiasis 2
Filariasis 23
Trichuriasis 3
Trichostrongyliasis 11
Healthy blood donor 5
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microplate shaker (300 rpm), the plates were washed as
described above. The secondary antibody conjugates were
added for 30 min at 37°C (1 : 4500 for IgG4-HRP,
1 : 2000 for IgE-HRP and 1 : 8000 for IgG-HRP), fol-
lowed by an incubation with ABTS substrate solution
(Roche Diagnostics). The absorbance readings of the
reactions were read at 405 nm, using 490 nm readings as a
reference, on a Thermo Multiskan Spectrum Reader (Mul-
tiskan Spectrum, Thermo Scientific, Rockford, IL, USA).
The results were expressed as an ELISA index (EI), which
was calculated by dividing the absorbance of the test sam-
ple (the optical density at 450 nm wavelength or OD405 nm)
by the cut-off value (COV). The COV for each of the
laboratory ELISAs was calculated based on the Student
t-distribution of the negative control sera readings, follow-
ing the equation by Dixon and Massey, 1983 (16,17). The
equation used for the COV calculation is as follows:

Cut� off ¼ X þ SDf (1)

In this equation, X is the mean of independent control
sera readings, SD is the standard deviation, and f is the
standard deviation multiplier which is derived from the
critical values for a one-tailed t-distribution (refer to Fede-
righi (18) for a comprehensive listing of critical values for
a t-distribution).

Laboratory-based ELISA for the determination of
antifilarial IgG4 antibody

The antifilarial IgG4-ELISA was performed as above with
a few modifications, using sera from brugian filariasis
patients. BmR1 filarial recombinant antigen (20 lg/mL)
was used to coat the microtitre plate. The secondary anti-
body, antihuman IgG4-HRP, was diluted to 1 : 4500.
Serial dilutions of the serum samples were made from
1 : 200 to 1 : 25 600 in PBS, pH 7�2.

Commercially based ELISA

The Strongyloides Serology Microwell ELISA (IVD
Research, Inc., Carlsbad, CA, USA), which is based on
the detection of human IgG antibodies against Strongylo-
ides spp. antigen, was performed according to the manu-
facturers instructions. In brief, serum samples were diluted
1 : 64 in dilution buffer and incubated for 10 min in the
antigen-coated wells. After three washes with wash buffer,
two drops of conjugate solution were added and incubated
for 5 min. Subsequently, the wells were washed again as
described above followed by the addition of two drops of
chromogenic solution. Following a 5-min incubation, the
reaction was stopped with two drops of stop solution, and

the results were immediately read at 450 nm (reference:
620 nm). The COV given for this test is 0�200.

Statistical analyses

The statistical significance of the difference in S. stercoral-
is-specific antibody titres was analysed by one-way ANOVA

test. Pearson correlation coefficient (r) test was used to
analyse the correlations among the levels of IgG and
IgG4, IgG and IgG (IVD) and IgG4 and IgG (IVD) anti-
bodies to Strongyloides spp. Spearman correlation test was
used to analyse correlation between the anti-Strongyloides
IgG4 (OD405) results and the antifilarial IgG4 antibody
titres in filariasis serum. Statistical tests were performed
using GraphPad Prism version 5 (San Diego, CA, USA).
In addition, a paired t-test was used to determine whether
the difference in the specificities of the two IgG-ELISAs
was significant. In all cases, differences were considered as
statistically significant when P < 0�05.

RESULTS AND DISCUSSION

In this study, we examined parasite-specific IgG4, IgG and
IgE responses against S. stercoralis infection using labora-
tory ELISAs as well as a commercial IgG-ELISA (IVD).
The COVs and results obtained for all ELISAs are shown
in Table 2. Of the 26 patients who were faecally positive
for Strongyloides, 20 were seropositive for specific IgG4

antibody with a sensitivity rate of 76�9%, 22 (84�6%) were
seropositive by both laboratory and commercial (IVD)
IgG tests, and only 2 were seropositive for parasite-specific
IgE antibody (7�7%). Further studies using much larger
sample size will need to be performed to confirm the
results of this small scale study. These preliminary findings
would be a useful guide in designing the larger study.
Several studies have addressed the importance of immu-

noglobulin isotypes in immune responses to helminths.
Parasite-specific IgG has been reported to be important

Table 2 Comparison between sensitivity and specificity of the
detection of Strongyloides stercoralis IgG4, IgG and IgE
antibodies by lab-based ELISA and commercial ELISA kit (IVD)

Results

Lab-based ELISA

Commercial
ELISA
kit (IVD)

IgG4
COV: 0�21

IgG
COV: 0�34

IgE
COV: 0�2

IgG
COV:0�2

Sensitivity
n = 26

76�9 84�6 7�7 84�6

Specificity
n = 55

92�7 81�8 100 83�6
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during the initial invasive phase, irrespective of the
immune status (19). A prominent IgG4 response has been
observed in chronically infected strongyloidiasis patients,
as well as in patients with other helminth infections, such
as filariasis (20–24). Furthermore, the IgG4 response was
reported to be up-regulated early and to persist in chronic
infections (21,25), while IgE levels were reported to be
down-regulated as the duration of infection increased
(25,26). Other investigators have reported that IgG4 may
block IgE-mediated immune responses (19), as described
in Atkins et al. (21). Because the prevalence of IgG4

among the patients in this study was quite high, the IgG4

effect may explain the low prevalence of parasite-specific
IgE. Unfortunately, clinical and historical data from the
infected patients in this study were not available; therefore,
any speculation regarding a correlation of the serological
results with clinical manifestation, infection chronicity, age
and gender could not be made.
Figure 1 shows the levels of parasite-specific IgG4, IgG

and IgE antibodies to S. stercoralis in the positive serum
samples. An analysis of variance showed significant
increases in the detection sensitivities of both IgG tests
(i.e. laboratory and commercial [IVD] ELISAs) compared
to the IgG4-ELISA (P = 0�0028 and P = 0�0446, respec-
tively). Thus, this study showed that IgG4 is less sensitive
than IgG in detecting strongyloidiasis. There was no sig-
nificant difference between the results of the laboratory
and commercial (IVD) IgG-ELISAs (P = 0�5045); this
may be due to the detection of the same antibody (IgG)
and the use of Strongyloides larval lysate antigen in both
assays.

Figure 1 Levels of parasite-specific IgG4, IgG, IgE (by lab-based
ELISA) and IgG (by commercial ELISA kit IVD) antibodies to
Strongyloides stercoralis expressed in ELISA index measured in 26
serum samples of patients with strongyloidiasis.

(a)

(b)

(c)

Figure 2 Correlation between levels of specific IgG (lab-based)
and IgG4 (a), IgG4 and IgG (IVD) (b), IgG (lab-based) and IgG
(IVD) (c) antibodies to Strongyloides stercoralis in positive serum
samples of patients with strongyloidiasis. Coefficients of
correlation were determined by the Pearson correlation test.
Differences were considered as statistically significant when
P < 0.05.

© 2013 John Wiley & Sons Ltd, Parasite Immunology, 35, 174–179 177

Volume 35, Number 5/6, May/June 2013 Laboratory detection of strongyloidiasis



A significant positive correlation was observed between
levels of specific IgG- and IgG4 (r = 0�4828; P = 0�0125;
Figure 2a); and no correlation observed between IgG4-
and IgG- (IVD) (r = 0�0042; P = 0�8294; Figure 2b).
Meanwhile comparison between IgG- and IgG- (IVD)
(r = 0�309) showed weak correlation; however, it was not
significant (P = 0�124; Figure 2c). Although the two IgG
tests used Strongyloides lysate antigen, the parasite species
and methods of lysate preparation are not exactly the
same, this may explain the nonsignificant correlation
between the two tests.
Of the 55 serum samples from patients with various other

parasitological infections or no infections, anti-Strongylo-
ides IgG4 antibody was detected in four filariasis patients,
giving a specificity rate of 92�7%, while IgG was detected in
10 subjects (9 filariasis and 1 trichostrongyliasis patients) by
laboratory-based ELISA (81�8% specificity) and 9 subjects
(eight filariasis and one trichostrongyliasis patients) by
commercial (IVD) ELISA (83�6% specificity).
Paired t-test analysis showed no significant difference

between the specificities of the two IgG-ELISAs
(P = 0�202). By excluding the results of the filariasis sam-
ples, the specificities of the IgG4- ELISA and both of the
IgG-ELISAs increased to 100% and 98%, respectively.
Thus, although the IgG4-ELISA is less sensitive than the
IgG-ELISAs, the former is more specific.
To determine whether the cross-reactivity with filariasis

patient sera was influenced by the abundance of antifilari-
al antibodies, titrations of IgG4 were performed on the fil-
ariasis patient serum samples, followed by an analysis of
the correlation with the results of the Strongyloides IgG4-
ELISA (Figure 3). The two parameters were found to be
weakly correlated (Spearman rho = 0�4544; P = 0�0294).
Although previous investigators had reported cross-reac-
tivity between strongyloidiasis and filariasis (4,13,27), this
study demonstrated that the binding of the Strongyloides
antigen to the antifilarial antibodies was not much influ-
enced by the titre of the latter. It is thus highly recom-
mended that, in filariasis endemic area, positive serological
cases of strongyloidiasis should also be tested for filariasis
before confirming the serodiagnosis. For brugian filariasis,
a commercially available test called Brugia Rapid (Reszon

Diagnostics International Sdn. Bhd., Selangor, Malaysia)
can be used to assist with this differential diagnosis
because the test has been shown to be highly specific
(>95%) when tested with serum samples from patients with
strongyloidiasis (28,29). In this regard, a 31-kDa Strongy-
loides recombinant antigen (NIE) has been reported to be
specific against antibodies to nonlymphatic and lymphatic
filariasis (27,30,31) and thus is potentially useful as a diag-
nostic reagent.
In conclusion, because the detection of parasite-specific

IgG4 antibodies is more specific but less sensitive than the
detection of parasite-specific IgG antibodies, the combined
use of IgG and IgG4 assays would be helpful in improving
the serodiagnosis of strongyloidiasis. Efforts to develop
field-applicable rapid tests using recombinant antigen(s)
that do not cross-react with antibodies to lymphatic and
nonlymphatic filaria should be encouraged.
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