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Due to the limited sensitivities of stool-based microscopy and/or culture techniques for Strongyloides stercoralis, the detection
of antibodies to this intestinal nematode is relied upon as a surrogate for determining exposure status or making a diagnosis of
S. stercoralis infection. Here, we evaluated three immunoassays, including the recently released InBios Strongy Detect IgG en-
zyme-linked immunosorbent assay (ELISA) (InBios International, Inc., Seattle, WA), the SciMedx Strongyloides serology
microwell ELISA (SciMedx Corporation, Denville, NJ), and the luciferase immunoprecipitation system (LIPS) assay performed
at the National Institutes of Health (NIH), for their detection of IgG antibodies to S. stercoralis. A total of 101 retrospective se-
rum samples, previously submitted for routine S. stercoralis antibody detection using the SciMedx assay, were also evaluated by
the InBios and LIPS assays. The qualitative results from each assay were compared using a Venn diagram analysis, to the consen-
sus result among the three assays, and each ELISA was also evaluated using the LIPS assay as the reference standard. By Venn
diagram analysis, 65% (66/101) of the samples demonstrated perfect agreement by all three assays. Also, the numbers of samples
considered positive or negative by a single method were similar. Compared to the consensus result, the overall percent agree-
ment of the InBios, SciMedx, and LIPS assays were comparable at 87.1%, 84.2%, and 89.1%, respectively. Finally, the two ELISAs
performed analogously but demonstrated only moderate agreement (kappa coefficient for the two assays, 0.53) with the LIPS
assay. Collectively, while the two commercially available ELISAs perform equivalently, neither should be used independently of
clinical evaluation to diagnose strongyloidiasis.

Strongyloides stercoralis, a soil-transmitted intestinal nematode
and the causative agent of strongyloidiasis, is widely endemic

in both tropical and subtropical climates throughout Africa, Asia,
and South America (1). Extension into temperate regions has also
been reported, including pockets of endemicity in the southeast-
ern United States (2, 3). Given its wide geographical distribution,
S. stercoralis has been estimated to infect as many as 100 million
people worldwide and is therefore an important infection to con-
sider in patients who either reside in or have traveled to regions
that are endemic for strongyloidiasis (4, 5).

S. stercoralis has a complicated life cycle, and infection can be
asymptomatic, present with gastrointestinal symptoms, or in
more severe cases, progress to disseminated disease. Briefly, the
skin is penetrated by infective S. stercoralis L3 filariform larvae via
direct exposure to contaminated soil. Initial infection can lead to
pruritus and irritation at the site of entry (larva currens), typically
along the lower extremities (6). Subsequent hematogenous dis-
semination to the lungs, migration up the bronchial tree, and
passage into the gastrointestinal tract may present clinically as
respiratory symptoms, diarrhea, and/or abdominal pain (6, 7). S.
stercoralis is unique among the intestinal nematodes because of its
ability to mature into the infective filariform stage without leaving
the gastrointestinal tract. This creates the potential for continuous
reinfection and “hyperinfection syndrome,” a potentially life-
threatening condition, particularly among immunosuppressed
individuals (7–10). As many cases of strongyloidiasis are subclin-
ical and can persist for decades following exposure, a significant
number of patients with undiagnosed strongyloidiasis are at risk
for hyperinfection once initiated on immunosuppressive regi-
mens (6, 11). Therefore, accurate diagnostic modalities are needed

for both the diagnosis of symptomatic strongyloidiasis and the
identification of asymptomatic infections in high-risk individuals
prior to receiving immunosuppressants.

Diagnosing strongyloidiasis is particularly challenging. Unlike
most other intestinal helminths, S. stercoralis does not produce
characteristic ova within the intestinal tract, and therefore, direct
observation of the larva is required. Classic techniques to identify
Strongyloides include larval concentration from fecal specimens
prior to microscopic examination, and agar plate culture of fresh
stool specimens along with daily plate inspections for the presence
of bacterial trails left by motile S. stercoralis larva. However, due to
sporadic larval shedding and generally low larval concentrations,
particularly among chronically infected individuals, the diagnos-
tic sensitivities of these direct detection methods from single stool
specimens are low (30 to 50%), and repeat sampling (up to seven
specimens) may be necessary prior to ruling out infection (12–
14). Additionally, these methods require prompt submission of
fresh stool specimens to the laboratory, which may be impracti-
cal in some cases, and as S. stercoralis is infective on contact, the
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manipulation of this nematode poses a significant infection risk to
laboratory personnel.

Given the limitations of these traditional techniques, serologic
approaches to detect an immune response to S. stercoralis have
emerged as valuable alternative diagnostic tools. Several different
serologic based assays have been described, and while the majority
detect anti-Strongyloides IgG, they differ in the antigen targets
used for detection (crude lysate versus purified or recombinant
proteins), in the applied methodology (enzyme-linked immu-
nosorbent assays [ELISAs], dipstick methods, or luciferase immu-
noprecipitation systems [LIPS]), and whether the assay is com-
mercially available or laboratory-developed test (4, 15–19). In
cases of proven strongyloidiasis, the sensitivities of these serologic
assays vary from 73% to 100%, with false negatives noted in im-
munosuppressed individuals. Specificity is likewise inconsistent
(29% to 100%) between methods, with cross-reactions occurring
primarily in patients with prior filarial infections (17, 18, 20, 21).
Among these assays, the National Institutes of Health (NIH) LIPS
method presents the highest combined sensitivity and specificity
(97% and 100%, respectively) for the detection of anti-S. stercora-
lis antibodies (16, 17, 19).

The purpose of this study was to evaluate the performance of
the recently released InBios Strongy Detect IgG ELISA (InBios
International, Inc., Seattle, WA) compared to those of both the
commercially available SciMedx Strongyloides serology microwell
ELISA (SciMedx Corporation, Denville, NJ) and the LIPS assay
performed at the NIH.

MATERIALS AND METHODS
Study overview. One hundred one serum samples submitted to ARUP
Laboratories (Salt Lake City, UT) for clinical testing to detect IgG-class
antibodies to S. stercoralis by the SciMedx Strongyloides serology micro-
well ELISA (SciMedx Corporation, Denville, NJ) were retrospectively re-
trieved, tested by the InBios Strongy Detect IgG ELISA (InBios Interna-
tional, Inc., Seattle, WA) in our laboratory, and were also forwarded to the
Parasitic Diseases Laboratory at the NIH for testing by the luciferase im-
munoprecipitation system (LIPS) assay. The selection of samples for this
panel was based on (i) sufficient volume for analysis by all three methods
and (ii) an approximately equal number of positive and negative speci-
mens (determined as such by the SciMedx assay). The samples were de-
identified, and clinical information (e.g., presentation, duration of symp-
toms, travel, and exposure history) was not available. An additional 20
serum samples, 10 from patients with confirmed strongyloidiasis by stool
culture and 10 from healthy controls, were also tested by the InBios and
LIPS assays. This study was approved by the institutional review board at
the Mayo Clinic.

InBios Strongy Detect IgG ELISA. The InBios Strongy ELISA is a
one-step sandwich-format immunoassay for qualitative detection of IgG-
class antibodies to the Strongyloides recombinant NIE antigen (SRA) in
serum. Testing was performed on the Triturus automated enzyme immu-
noassay (EIA) analyzer (Grifols, Miami, FL) at the Mayo Clinic, according
to the manufacturer’s instructions. Briefly, the patient serum samples
were diluted in a 1:200 ratio in dilution buffer, and 100 �l of the dilution
was added into wells precoated with SRA. Following a 30-min incubation
at 37°C, the wells were washed and incubated with a horseradish peroxi-
dase-conjugated secondary antibody to detect bound anti-Strongyloides
IgG-class antibodies. After repeat incubation and washing, 100 �l of
3,3=,5,5=-tetramethylbenzidine (TMB) was added to the wells and incu-
bated in the dark at room temperature (RT) for 10 min, followed by the
addition of 50 �l of stop solution. The optical density (OD) was measured
at a wavelength of 450/630 nm. The immune status ratio (ISR) for each
sample was calculated as the ratio of the OD obtained with the test sample
divided by the calculated cutoff value as determined by the cutoff control

sample. ISR values of �1.1, 0.9 to 1.1, and �0.9 were interpreted as pos-
itive, equivocal, and negative, respectively, for the presence of IgG-class
antibodies to S. stercoralis, as per the manufacturer’s recommendations.
This assay is currently labeled for research use only.

SciMedx Strongyloides serology microwell ELISA. The SciMedx
Strongyloides ELISA is a one-step sandwich-format immunoassay for the
qualitative detection of IgG-class antibodies to Strongyloides antigen.
Testing was performed manually at ARUP. Briefly, serum was diluted at a
1:64 ratio in dilution buffer, and 100 �l was pipetted into microtiter wells
coated with Strongyloides antigen and incubated at RT for 10 min. The
wells were washed three times, and 2 drops of the supplied horseradish
peroxidase-conjugated protein A was added and incubated for 5 min at
RT. The wells were washed three times and 2 drops of TMB was added and
incubated for 5 min at RT, followed by the addition of 2 drops of stop
solution. The optical density was subsequently measured at a wavelength
of 450/620 to 650 nm and divided by the OD of a calibrator to give an
index value (IV). IV values of �1.5, 1.5 to 2.1, and �2.10 were considered
negative, equivocal, and positive, respectively, for the presence of IgG-
class antibodies to S. stercoralis. These cutoff values were established by
ARUP using a panel of clinically defined patients with strongyloidiasis as
well as healthy volunteers. This assay is currently labeled for research use
only.

Luciferase immunoprecipitation system (LIPS) assay. The LIPS as-
say was performed using shorter incubation times than those described
previously (17). The assay detects antibodies against two antigens, the
NIE, a 31-kDa recombinant antigen from the S. stercoralis L3 larva, and
the S. stercoralis immunoreactive antigen (SsIR); each was fused to the
Renilla luciferase (Ruc) and expressed and purified from COS cells.
Briefly, patient serum was diluted (1:15) in buffer A and added to 50 �l of
1 � 107 luminometer units (LU) of each purified Ruc-antigen fusion
construct. The reaction mixtures were incubated for 10 min on a rotary
shaker. Subsequently, antigen-serum reaction mixtures and 7 �l of a 30%
suspension of polyprotein A/G beads in phosphate-buffered saline (PBS)
(Pierce Biotechnology, Rockford, IL) were added to a 96-well filter high-
throughput-screening (HTS) plate and incubated for 10 min at room
temperature on a rotary shaker. Following incubation, the protein A/G
beads were isolated, washed, incubated with a coelenterazine substrate
mix (Promega, Madison, WI), and the LU were determined using a
Berthold Centro LB 960 microplate luminometer. Results of �711 LU,
711 to 2,000 LU, and �2,000 LU were considered negative, low positive,
and positive, respectively. For the purposes of this study, any result of
�711 LU was considered positive.

Statistical analysis. Each of the three immunoassays was evaluated
against the consensus result, which was defined as the result obtained by at
least two of the three assays. Also, the performances of the two ELISA
methods were compared, using the NIH LIPS assay as the reference stan-
dard. GraphPad software was used to calculate kappa values (�), the pos-
itive, negative, and overall percent agreement values, and the associated
95% confidence intervals (GraphPad, La Jolla, CA). Overall agreement as
determined by � was interpreted as follows: near perfect ,0.81 to 1.0;
substantial, 0.61 to 0.8; moderate, 0.41 to 0.6; fair, 0.21 to 0.4; slight, 0 to
0.2; and poor, �0 (22).

RESULTS

The distribution of positive and negative results by the InBios,
SciMedx, and LIPS immunoassays for detection of IgG antibodies
to S. stercoralis is shown in the Venn diagram in Fig. 1. Equivocal
results by the InBios (n � 2) and SciMedx (n � 6) ELISAs were
considered negative for this evaluation. All three assays were in
perfect agreement for 65% of the samples (66/101; 33 positive and
33 negative). Also, a similar number of samples were either posi-
tive (4 by InBios, 5 by SciMedx, and 5 by LIPS) or negative (9 by
InBios, 7 by SciMedx, and 5 by LIPS) by only one of the three
assays.

Compared to the consensus result, defined as the result ob-
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tained from at least two of the three assays, all three methods
showed comparable overall percent agreement, ranging from
84.2% (88/101) for the SciMedx assay to 89.1% (90/101) for the
LIPS assay (Table 1). However, the SciMedx ELISA showed a no-
tably lower negative agreement (82.6%) and kappa value (0.68)
than those of the InBios ELISA (91.3% and 0.74, respectively) and
LIPS assay (89.1% and 0.78, respectively). The performance char-
acteristics of the InBios and SciMedx ELISAs were also evaluated
using the NIH LIPS assay as the reference standard (Table 2). The
two ELISAs demonstrated equivalent performance characteris-
tics, including identical kappa values (0.53), collectively indicat-
ing only moderate correlation with the NIH LIPS method.

Finally, the InBios ELISA was also evaluated using serum sam-
ples from 20 patients that were either positive (n � 10) or negative
(n � 10) by stool culture for S. stercoralis (Table 3). Compared to
culture, the InBios assay showed a sensitivity of 80% (8/10) and a
specificity of 90% (9/10). Among the three discordant samples,
one was culture positive/InBios ELISA negative, and the remain-
ing two samples were equivocal by the InBios ELISA. The LIPS
assay showed 100% sensitivity and specificity using these speci-
mens (data not shown), and the volumes were not sufficient for
testing by the SciMedx ELISA.

DISCUSSION

The diagnosis of strongyloidiasis is challenging due to the insen-
sitivity of standard parasitologic methods, including agar plate

stool culture and microscopic detection of larva following con-
centration. While serial collection and evaluation of stool samples
significantly improve the sensitivity of these methods, few local
clinical laboratories continue to offer these classic assays, and the
requirement of unpreserved stool specimens precludes utilization
by reference laboratories that still perform Strongyloides culture
(4, 14). Additionally, these methods require hours to days to com-
plete and pose a risk for laboratory-acquired strongyloidiasis.
Serologic assays detecting anti-S. stercoralis antibodies have there-
fore largely supplanted these traditional techniques. They offer the
convenience of being commercially produced, utilize methods
familiar to most laboratories, are rapid, and require a readily ac-
cessible specimen source (serum). Here, we evaluate the recently
released InBios Strongy Detect IgG ELISA in comparison to the
commercially available SciMedx Strongyloides serology microwell
ELISA and the LIPS assay that is currently performed at the NIH.
The InBios and LIPS assays utilize Strongyloides-specific recombi-
nant antigen(s) that provide a small (but important) increase in
specificity, as crude antigen-based ELISAs suffer from a degree of
cross-reactivity in filarial-infected patients (the antigen identity
for the SciMedx assay has not been released by the manufacturer).

By Venn diagram analysis, all three assays were in perfect
agreement for only 65% (66/101) of the samples tested (Fig. 1).
The results among the remaining 35 samples demonstrated signif-
icant variability between the assays: 14 samples were positive and
21 samples were negative by only one of the three methods. Inter-
estingly, the distribution of samples with individual discordant
results was similar among the three assays (e.g., four samples were
positive only by the InBios ELISA, five samples were positive only
by the SciMedx ELISA, and five samples were positive only by the
LIPS assay), indicating that no single assay was responsible for a
majority of the discrepant results. Additionally, a similar number
of samples were either positive or negative by each possible com-
bination of two assays (e.g., five samples were positive by both
ELISAs, seven samples were positive by the InBios ELISA and the
LIPS assay, and nine samples were positive by the SciMedx ELISA
and the LIPS assay). These observations suggest that of the assays
evaluated here, no two can be used interchangeably, as significant
variability exists between all three methods. Of interest for future
consideration, InBios recently produced a second generation of

FIG 1 Venn diagram comparing results from the InBios ELISA, the SciMedx
ELISA, and the LIPS immunoassay for detection of IgG-class antibodies to S.
stercoralis.

TABLE 1 Comparison of the InBios, SciMedx, and LIPS assays to the consensus result for detection of IgG class antibodies to S. stercoralis

Assay type Assay result

Consensus result
(no.)a % agreement (95% CIb)

Kappa (95% CI)Positive Negative Overall Positivec Negatived

InBios Strongy Detect ELISA Positive 46 3 87.1(79.1–92.5) 83.6 (71.5–91.4) 91.3 (79.1–97.1) 0.74 (0.61–0.87)
Negative 8 42
Equivocal 1 1

SciMedx Strongyloides ELISA Positive 47 5 84.2 (75.7–90.1) 85.5 (73.6–92.7) 82.6 (69.0–91.2) 0.68 (0.54–0.82)
Negative 5 38
Equivocal 3 3

LIPS assay Positive 49 5 89.1 (81.4–94.0) 89.1 (77.8–95.3) 89.1 (76.5–95.7) 0.78 (0.66–0.90)
Negative 6 41

a The reference standard was defined as the result obtained from �2 of the 3 immunoassays.
b CI, confidence interval.
c Equivocal results were counted as negative.
d Equivocal results were counted as positive.
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this assay with a modified antigen preparation. Additional studies
comparing the updated iteration of this assay should be conducted
to determine whether the lack of consensus is still seen among the
three methods.

In the absence of a gold standard reference method, we chose to
initially evaluate these immunoassays against the consensus result
from all three methods. We found a similar overall performance
for each assay using this reference standard, and the substantial
agreement was further supported by similar kappa coefficients
(range, 0.68 to 0.78) (Table 1). While the SciMedx assay showed a
notably lower kappa value (0.68) and percent negative agreement
(82.6%) than both the InBios ELISA (0.74 and 91.3%, respec-
tively) and the LIPS assay (0.78 and 89.1%, respectively), the 95%
confidence intervals for these two parameters overlapped signifi-
cantly for all three assays, and a larger-scale study with prospec-
tively collected specimens is needed to determine if these differ-
ences are truly significant. It is not surprising that that there was
more agreement between the InBios and NIH LIPS assays, as both
utilize the same recombinant NIE antigen.

While not yet commercially available, the NIH LIPS assay is
emerging as a premier serologic test for differentiating patients
with stool culture-confirmed strongyloidiasis from healthy con-
trols, and it has documented sensitivity and specificity values ap-
proaching 100% (4, 16, 17, 19). Notably, the InBios and SciMedx
ELISAs showed only moderate agreement with the LIPS assay
based on the associated kappa coefficients (0.53 for both ELISAs),
indicating that while these two commercial systems perform
similarly overall, their accuracy is low compared to that of the
NIH method (Table 2). However, an additional evaluation of
the new InBios ELISA using serum collected from patients with
positive Strongyloides stool cultures showed improved sensitivity
and specificity (80% and 90%, respectively), suggesting that this
assay is often positive in patients with active strongyloidiasis,

though infection cannot be ruled out based on a single negative
result (Table 3).

This study has several limitations that require discussion. First,
the specimens used for this evaluation were retrospectively col-
lected, and consequently, the associated performance characteris-
tics may not be representative of their performance in routine
practice. Second, these specimens were received through a refer-
ence laboratory, and neither patient clinical information nor ad-
ditional laboratory results were available for correlations to be
made with the results acquired by either of the evaluated immu-
noassays. Third, assay accuracy was determined in comparison to
either the consensus result among the three evaluated tests or to
the NIH LIPS assay alone. Both of these reference standards have
drawbacks. The consensus result, despite having agreement of at
least two of the assays, may still be incorrect, leading to result
misclassifications, and the LIPS assay, for which exceptional accu-
racy has been documented among populations endemic for
strongyloidiasis, may not perform similarly in regions of low prev-
alence. Finally, detailed analytical specificity studies were not un-
dertaken in this evaluation, though serologic cross-reactivity
among the anti-Strongyloides IgG assays has been noted in indi-
viduals with prior filarial infections (18). Interestingly, prelimi-
nary specificity analysis using sera positive for anti-Trichinella spi-
ralis antibodies showed that the InBios ELISA was positive in all
five tested specimens, whereas both the SciMedx and LIPS assays
were negative (data not shown). Future studies will be pursued to
better elucidate this and other cross-reactivities.

In summary, the InBios and SciMedx ELISAs showed similar
overall performance but were only in moderate agreement with
the NIH LIPS assay, a recently developed method with high accu-
racy for the detection of strongyloidiasis among populations en-
demic for the disease. Therefore, as these two commercially avail-
able ELISAs show significant variability with both the LIPS assay
and each other (Fig. 1), their results must be interpreted alongside
a clinical evaluation (e.g., pretest probability, exposure history,
and symptoms) and other laboratory evidence (e.g., culture) prior
to a confirmation or exclusion of strongyloidiasis diagnosis. Nei-
ther of these ELISAs should be relied upon solely to establish a
diagnosis of S. stercoralis infection but rather should be viewed as
additional tools available to support clinical practice. In future
studies, it will be worthwhile to evaluate the commercially avail-
able ELISAs using prospectively collected samples from clinically
defined cases for which additional clinical and laboratory evi-
dences are available. This would provide valuable information on
the role of these assays as screening tools, particularly among im-

TABLE 2 Comparison of the InBios and SciMedx ELISAs to the NIH LIPS assay for detection of IgG-class antibodies to S. stercoralis

ELISA used Assay result

NIH LIPS assay result
(no.) % agreement (95% CI)

Kappa (95% CI)Positive Negative Overall Positive Negative

InBios Strongy Detect Positive 40 9 76.2 (67.0–83.5) 74.1 (61.0–84.0) 78.7 (64.9–88.2) 0.53 (0.36–0.69)
Negative 13 37
Equivocal 1 1

SciMedx Strongyloides Positive 42 10 77.2 (68.1–84.4) 77.8 (64.9–87.0) 76.6 (62.6–86.7) 0.53 (0.36–0.69)
Negative 7 36
Equivocal 5 1

TABLE 3 Comparison of the InBios Strongy Detect ELISA and
Strongyloides stool culturea

InBios Strongy Detect
ELISA result

Strongyloides stool culture
(NIH panel) result (no.)

Positive Negative

Positive 8 0
Negative 1 9
Equivocal 1 1
a Compared to culture, the sensitivity of the InBios Strongy Detect ELISA was 80%
(8/10) (95% CI, 47.9 to 95.4%), the specificity was 90% (9/10) (95% CI, 57.4 to 100%),
and the agreement was 85% (17/20) (95% CI, 63.1 to 95.6%).
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munocompromised individuals at risk for Strongyloides hyperin-
fection.
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