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Abstract.

Approximately 600 million people worldwide are infected with Strongyloides stercoralis. Many diagnostic

laboratories use serology to detect the infection. SsRapid® is a prototype IgGé4 lateral flow test based on NIE recombi-
nant protein. We compared SsRapid with two commercial IgG-ELISAs (Bordier and Euroimmun) using five sera groups
(G1-5, N = 170). Healthy individuals from nonendemic areas (G1, N = 33) and Strongyloides larvae-positive patients
(G2, N = 20) showed no significant difference (P > 0.05) among the three assays. The group of other parasitic infections
(G3) showed that SsRapid results were more concordant with Bordier ELISA (73%, 35/48) than Euroimmun ELISA (65%,
31/48). In corticosteroid-treated cancer patients who were polymerase chain reaction—positive for Strongyloides (G4,
N = 25), SsRapid showed a higher detection rate (28%, 7/25) than both ELISAs (4%, 1/25). Meanwhile, SsRapid showed
significantly less infection prevalence among the endemic area population (G5) than the ELISAs. Overall, SsRapid
showed good performance in detecting Strongyloides infection compared with the commercial IgG-ELISAs.

Strongyloides stercoralis is a neglected tropical disease
that infects approximately 600 million people worldwide.'
Approximately 2.6 billion people risk acquiring the infection.?
The parasite can maintain decades of chronic, asymptom-
atic autoinfection in humans. This phenomenon poses a
problem for immunosuppressed patients, especially those
under corticosteroid treatment, because the low-level infec-
tion in such individuals may become a potentially fatal hyper
and disseminated disease.®

Detecting Strongyloides larvae in stool during chronic infec-
tion is challenging due to intermittent and low larvae output.
Thus, serological tests are used in many laboratories to help
diagnose suspected patients, and researchers often use them
for epidemiological studies. Commercial kits are ELISAs, with
most of them detecting anti-Strongyloides 1gG antibodies.
Examples of commonly used commercial ELISA include Bor-
dier IgG-ELISA (Bordier Affinity Products SA, Crissier, Switzer-
land), Euroimmun IgG-ELISA (Euroimmun, Lubeck, Germany),
and VD Strongyloides Serum Antibody Detection Microwell
ELISA (IVD Research Inc., Carlsbad, CA).

SsRapid® is a commercial prototype point-of-care test that
uses recombinant NIE protein as the test line, with 97% sensi-
tivity and 94.5% specificity and is performed as described pre-
viously.4 The aim of this study is to compare the SsRapid with
two commercial IgG-ELISAs, one from Bordier and another
from Euroimmun. The commercial ELISAs use parasite lysates,
S. ratti in Bordier's kit and S. papillosus in Euroimmun’s kit.
They were performed and interpreted according to the manu-
facturer’s instructions. The diagnostic sensitivity and specificity
of Bordier ELISA were reported to be 89.5% and 98.3%,
respectively,® and Euroimmun ELISA showed 90.6% sensitivity
and 87.7% specificity.®

The assay comparison was performed using 170 samples
divided into five sera groups (G1-G5). G1 was healthy
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individuals from Strongyloides nonendemic areas (N = 33), G2
was Strongyloides larvae-positive patients (N = 20), and G3
was individuals with other parasitic infections; most were from
Strongyloides-endemic areas (N = 48). G4 was corticosteroid-
treated cancer patients who were Strongyloides-positive via
real-time polymerase chain reaction (PCR), cycle threshold
= 35 (N = 25). The sera were sampled at different times after
corticosteroid treatment; we deemed it acceptable because
even short-term corticosteroid treatment can initiate Strongy-
loides hyperinfection.” G5 were residents of a Strongyloides
endemic area (N = 44). The use of the sera samples was
approved by the Human Research Ethics Committee at Uni-
versiti Sains Malaysia; the approval reference for G1-G3 and
G5 sera is USM/JEPeM/20040230 and for G4 sera is USM/
JEPeM/20050254.

We used Graph Pad Prism version 8.0.2 (GraphPad Soft-
ware, San Diego, CA) to perform a one-way analysis of vari-
ance to compare the three assays and a t test to compare
between two assays; P < 0.05 was considered statistically sig-
nificant. Cohen’s kappa coefficient using IBM SPSS Statistics
28.0 (Armonk, NY) was used to analyze the agreement between
assays. MedCalc statistical software version 20.115 (MedCalc
Software Ltd, Ostend, Belgium) was used to perform the
receiver operating curve (ROC) analysis.

Table 1 summarizes the results of assays tested on the
five groups of serum samples. For Gl (healthy) and G2
(Strongyloides larvae-positive), the three assays showed
comparable performance with no significant difference in
results (P > 0.05) among them. Healthy sera were from indivi-
duals living in Strongyloides nonendemic areas and thus were
highly unlikely to be infected. Meanwhile, infected individuals
were diagnosed based on finding Strongyloides larvae in
their stools. Because both sera groups can be considered
“defined” samples, the results of the three assays were thus
accurate. Relative to the two ELISAs, the sensitivity and speci-
ficity of SsRapid were 94% and 100%, respectively. Further-
more, ROC analysis was performed using data from these two
defined sera groups. It showed that SsRapid was 100%
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TABLE 1

Results of SsRapid, IgG-ELISA (Bordier), and IgG-ELISA (Euroimmun) tested on five sera groups

Group Assay type Result

Frequency Percent

Healthy individuals

from Strongyloides Positive 1 3.0
non-endemic areas Euroimmun Negative 32 97.0
(G1, N = 33) IgG-ELISA Positive 1 3.0
SsRapid Negative 33 100.0

Positive 0

Strongyloides larvae-
positive patients

(G2, N = 20) Euroimmun Negative 3 15.0
IgG-ELISA Positive 17 85.0
SsRapid Negative 1

Positive 19 95.0
Bordier IgG-ELISA Negative 39 81.3
Positive 9 18.8

Individuals with other
parasitic infections

(G3, N = 48) Euroimmun Negative 29 60.4
IgG-ELISA Positive 19 39.6
SsRapid Negative 38 79.2

Positive 10 20.8

Bordier IgG-ELISA Negative 32 97.0

Bordier IgG-ELISA Negative 2 10.0
Positive 18 90.0

Strongyloides endemic Bordier

Group Assay type Result Frequency Percent

Cancer patients Bordier Negative 24 96.0

positive for IgG-ELISA Positive 1 4.0

Strongyloides based Euroimmun Negative 24 96.0

on stool real-time IgG-ELISA Positive 1 4.0
PCR (G4, N = 25)  SsRapid Negative 18 72
Positive 7 28

Negative 18 40.9

area residents (G5, IgG-ELISA Positive 26 59.1
N = 44) Euroimmun Negative 24 54.5
IgG-ELISA Positive 20 45.5

SsRapid Negative 35 79.5

Positive 9 20.5

G = group; PCR = polymerase chain reaction.

sensitive and 97.1% specific, with an area under the curve
(AUC) of 0.985. Bordier ELISA showed 94.74% sensitivity,
94.12% specificity, and an AUC of 0.944. Meanwhile, Euroim-
mun ELISA showed 94.44% sensitivity, 91.43% specificity,
and an AUC of 0.929.

A recent study compared several Strongyloides ELISA kits
using archived serum samples, which tested positive (N =
45) or negative (N = 46) for Strongyloides 1gG based on an
in-house ELISA and a composite reference standard. They
found that Euroimmun and Bordier ELISAs showed compara-
ble high values for positive percent agreements (100% and
95.8%), negative percent agreements (96.3% and 92.7%),
overall percent agreements (97.2% and 93.4%), and Cohen’s
kappa indices (k) (0.92 and 0.82), respectively. In our study,
these two ELISA kits also showed good and comparable per-
formance with the defined samples of Groups 1 and 2.8

For G3 (other infections), the assays’ specificity (non-reactiv-
ity) rates were not expected to be very high since most sam-
ples came from Strongyloides-endemic areas; thus, some
were possibly coinfected with the parasite. Cohen’s k coeffi-
cient showed slight agreements between SsRapid and Bordier
ELISA (x = 0.148) and between SsRapid and Euroimmune
ELISA (x = 0.194). Higher concordance (percentage of concor-
dant positive or negative results) of SsRapid was observed
with Bordier ELISA (73%, 35/48) than with Euroimmun ELISA
(65%, 31/48). The SsRapid® results differed significantly (P <
0.05) from the Euroimmun ELISA’s. Meanwhile, there was a
non-significant difference (P > 0.05) between the results of
SsRapid and Bordier ELISA. It is consistent with a recent report
in which SsRapid showed similar specificity with Bordier ELISA
using sera from a migrant population.®

The corticosteroid-treated cancer patients positive for
Strongyloides via real-time PCR (G4) probably had chronic
Strongyloides infection. They were neutropenic and advised
to maintain good hygiene to prevent infections, thus were
unlikely to have a recent Strongyloides infection. We also do
not expect a high seropositive rate from these individuals
due to their general immune-suppressed status. The results
showed that the positive rate by the IgG4-SsRapid test was
28% (7/25), 7 times higher than the positives detected by
the two IgG-ELISAs (4.0%, 1/25). There was a significant

difference (P < 0.05) between SsRapid and the ELISAs, and
Cohen’s kappa coefficients showed no agreement between
the rapid test and each of the ELISAs (x = 0.075). During the
early phase of Strongyloides infection, the level of IgG anti-
body is higher than IgG4 antibody. As the infection becomes
chronic, both IgG and IgG4 antibody levels are elevated, and
with time 1gG4 level exceeds that of IgG due to the continu-
ous antigenic stimulation of chronic infection.’®'" Thus, a
higher 1gG4 level in chronic infection is consistent with the
results of the G4 sera group.

The G4 results are also consistent with a recent report using
sera from immunocompromised patients (HIV, blood, and solid
organ cancers) at a hospital in Kuala Lumpur, Malaysia. SsRapid
showed significantly higher (P < 0.05) seroprevalence (10.5%,
21/200) compared with Euroimmun ELISA (7.5%,15/200).
Furthermore, the SsRapid-positive samples tested negative
with the rapid test after sera adsorption with rNIE, indicating
good specificity.'2

Concerning G5 (endemic residents), Cohen’s kappa coef-
ficients showed slight agreements between SsRapid and
Bordier ELISA (x = 0.138) and between SsRapid and Euro-
immun ELISA (kappa 0.183). There was a significant differ-
ence (P < 0.05) between SsRapid and each of the ELISAs.
We were surprised to see many positive results with the
ELISAs, that is, 40.9% (18/44) by Euroimmun ELISA and
59.1% (26/44) by Bordier ELISA. Meanwhile, 20.5% (9/44)
of the G5 sera were positive by SsRapid, with six also posi-
tive by both ELISAs. In a previous report, Bordier ELISA’s
specificity was reduced from 97.2% (N = 220) to 88.7%
(N = 257) after adding 37 filariasis sera to the samples
tested.'® Because G5 sera were collected from a Brugia
malayi endemic area, we also tested the G5 samples for fila-
riasis using the Brugia Rapid (BR) test (Reszon Diagnostics
International, Selangor, Malaysia), a WHO-recognized test
for B. malayi infection.’* The results showed that eight G5
sera (18.2%) were positive by BR, with seven of the eight
also positive by one of the three assays. If the seven sera
were excluded (due to possible cross-reaction with filaria-
sis), the Strongyloides seroprevalence by both ELISAs was
still high: 40.5% (15/37) by Euroimmun and 51.4% (19/37)
by Bordier.



ASSESSING PERFORMANCE SSRAPID FOR STRONGYLOIDES DETECTION

G5 sera originated from a low-to-medium endemic region
for Strongyloides. Thus, the high seroprevalence rate by the
IgG-ELISAs in this study seemed perplexing. Some possible
reasons could be the “excessive” sensitivity of the ELISAs,
higher than expected cross-reactions with other helminth
infections, or a significant number of “old” or nonactive
infections detected by the IgG-ELISAs. In light of the G4
results in which the SsRapid showed a significantly higher
detection rate among the chronically infected cancer
patients than the IgG-ELISAs, we opined that the lower
Strongyloides prevalence by SsRapid in G5 was not due to
not detecting chronic infection. We hypothesize that the
IgG-ELISAs detected IgG antibodies that remained after the
infection was “cured.” It will be necessary to perform a post-
treatment follow-up study of Strongyloides patients using
the three serological assays to confirm the hypothesis.
Related to this, the BR test (mentioned earlier), also an IgG4
rapid test, showed a significant decrease in filariasis detec-
tion posttreatment and is used for evaluating the success of
the mass drug administration in brugian filariasis areas.'®1®

A limitation of our study is the small number of samples,
especially G2 and G4. In conclusion, the SsRapid showed
an overall good performance compared with the two com-
mercial IgG-ELISAs. Its performance was comparable to the
ELISAs with G1-G3 sera groups and better than the ELISAs
with the G4 sera.
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