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Abstract

Introduction: Strongyloidiasis is a neglected disease caused by Strongyloides stercoralis. Fast and robust detection of this parasite can avoid its
auto-infection cycle and therefore from the high parasitic load. The culture of stool and stool-based microscopy techniques are the most used
methods for the parasite diagnosis; however, these methods are not sensitive enough. Immunological methods are more sensitive diagnostic
tools and can be employed for the detection of this parasite. Since IgG4 immunoreactive protein (NIE) is a major pathogenicity factor of the
parasite, in the present study, an IgM-ELISA method was developed to investigate the efficiency of anti-NIE IgM antibodies in the detection of
Strongyloides stercoralis.

Materials and Methods: For this aim, 50 serum samples were gathered from positive patients along with 50 serum patients from healthy people.
IgM antibodies were detected by using the ELISA technique and the data were analyzed by statistical analyses.

Results: Statistical analyses showed that IgM-ELISA was able to diagnose the disease with the sensitivity and specificity of 65.0%.

Conclusions: The developed IgM-ELISA method was relatively but not sufficiently successful at a robust diagnosis of strongyloidiasis. However,
the sensitivity and specificity of this method were not good enough to be considered a reliable test for the diagnosis of the disease compared to

the 1gG- ELISA.
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Introduction
Strongyloides stercoralis is responsible for about 100
million diseases each year.! This soil-transmitted helminth
causes strongyloidiasis which is endemic mostly in tropical
and subtropical areas.? The disease is reported from many
areas in Iran, especially in the north of the country.®4 S.
stercoralis has a special life cycle; following the exposure to
contaminated soil, it can penetrate into the body through
skin. It may be residing in the body without any clinical
symptoms for years.® However, it can reach to lungs and
gastrointestinal tract where it causes respiratory and diarrheal
diseases, respectively. Sometimes, especially in immuno-
compromised people, it causes complication diseases, such
as hyper-infection and gastrointestinal ulcer disease.®
Nowadays, still there is no any gold standard test for the
diagnosis of strongyloidiasis.® Stool culture is one of the
mostly used methods for this purpose which has been used
for decades; but, because of the low concentration of larva of
S. stercoralis in the stool specimens, the sensitivity of this
test is relatively low (30-50 %).” Moreover, the culture of

stool has a risk of laboratory personnel contamination. To
overcome these challenges, other methods have been
developing.

In this regard, some serological tests have been developed.
Because of the high sensitivity of these tests, that is higher
than 70%, some of them are commercially available.® It
should be noted, the specificity of these tests is a drawback;
because of the possible cross-reactions with other parasites
and long-term persistence of antibodies after an effective
treatment. A recombinant antigen (NIE) has been used in
order to increase specificity of serological methods such as
ELISA and luciferase immunaoprecipitation system (LIPS).%10

NIE protein, which firstly introduced in 2002,'* stimulates
the release of histamine from basophils.> Antibody
detection assays that exploited this antigen for the detection
have had proper sensitivities (84%-98%) and specificities
(95%-100%).13

In the present study, the applicability of anti-NIE specific
IgM antibodies in the sera of human for the diagnosis of S.
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stercoralis was investigated. NIE protein was purified and
used as the target antigen for the detection of specific IgM
using indirect ELISA.

Materials and Methods

Samples

This prospective study was conducted among hospitalized
patients infected with S. stercoralis in Rasht, Iran, for a period
of one year, January 2018 to January 2019. The study was
approved by the Ethics Committee of the Lahijan Branch,
Islamic Azad University. Blood samples were collected from
patients and centrifuged at 3000 rpm for 5 min to separate
the serum and sera were stored at -20 °C for the analysis.

Preparation of NIE Protein

The preparation of NIE protein has been described
elsewhere.** Briefly, the nucleotide sequence of NIE gene
was adopted from GeneBank with the accession number of
AAB97359. The gene was codon-optimized according to E.
coli codon usage and synthesized in pET30b expression
vector. The recombinant plasmid was transferred to competent
E. coli BL21 (DE3) cells using heat-shock method.!® The
transformed cells were grown in LB broth media and the
expression of the protein was induced by adding IPTG (with
a final concentration of 1mM). The expression of the protein
was analyzed by SDS-PAGE. Owing to its his-tag, the
protein was purified by nickel column.®

IgM-ELISA Experiment

Determination of the Optimal Amount of Serum Required
for the ELISA Reaction

ELISA test was performed to investigate if anti-NIE IgM is
a proper test for diagnosis of S. stercoralis. For this purpose,
the optimal amount of serum required for the ELISA
reaction was determined. At this stage, the amount of coated
antigen in each well was 4 micrograms and 50 different
positive sera were mixed and used. The steps were as
follows: 4 ug of NIE protein was dissolved in coating buffer
(Na2CO3 1.59%, NaHCO3 2.93%, pH 9.8) and coated in
each well for an overnight in 4 °C. Then, the plate was
washed with PBST (phosphate buffered saline containing
tween). Then, to block the empty areas of antigen in the
bottom of the wells (Blocking) that were not covered by
antigen, 100 pl of PBST buffer containing 5% skimmed milk
was added to each well and the plate was at 37 °C for 1 h. In
the next step, the sera samples of patients were combined
(50 samples), and a serial dilution was prepared (from
dilution 1:100 to 1:3200) in PBST and added to the wells.
No serum was added to one of the control wells containing the
antigen, and 100 pl of the highest dilution (1:100) was added
to the other well that lacked the antigen, and then the ELISA
plate was placed at 37 °C for 1 h. Then, HRP-conjugated human
anti-lgM antibody was added to each well and the plate was

placed at 37 °C for 1 h. After that, OPD substrate solution
(0.4 mg/ml OPD in 24 mM citric acid, 51 mM sodium
phosphate, pH 5.0, 0.012% H,0,) was added to each well
and finally the reaction was stopped with 2.5 M H,SO,4 and
using an ELISA reader, the absorbance at 492 nm was read."

Determining the Minimum Concentration of Antigen for the
Detection of Antibodies in Human Serum

To obtain the minimum concentration of antigen that can
detect the presence of IgM antibodies in the serum, a serial
dilution of antigen was prepared (4, 2, 1, 0.5, 0.25, 0.125, and
0.0625 pg). The microplate was then kept overnight at 4 °C.
The ELISA steps were performed in accordance with the
previous step. The difference is that step 4 (adding serum
containing antibodies) was performed as follows: from the
mixed positive sera, a 1:1000 dilution was prepared in PBST
and added to the wells. No antibody was added to one of the
control wells containing the antigen, and 100 pl of serum
was poured into the other well without the antigen and then
the ELISA plate was placed at 37 °C for 1 h.

Determination of IgM Titer in Positive and Negative Samples
To evaluate the ability of anti-NIE IgM antibodies to detect
the infection with S. stercoralis, the titer of specific IgM
antibody against NIE recombinant protein was measured in
20 positive and 20 negative samples separately.

Calculation of the Specificity and Sensitivity of the Method
The specificity and sensitivity of the method for the
diagnosis of the infection with S. stercoralis, the following
formula were exploited:*®

Sensitivity = Number of true positives/Number of true
positives + Number of false negatives
Specificity = Number of true negatives/Number of true
negatives + Number of false positives

Statistical Analysis

The collected data were entered in GraphPad Prism version
8.0 (SanDiego, USA) and the sensitivities, specificities,
positive predictive values, negative predictive values of the
serological tests were calculated by this software. To
compare the results, one-way ANOVA was used. The level
of significance used was p<0.05. All experiments were done
in triplicate.

Results

Preparation of NIE Protein

NIE is a 156 amino acid protein with the molecular weight
of about 18 kDa. However, on a 12% SDSPAGE, NIE
protein seems to have a molecular weight of 30-35 kDa.
This phenomenon is related to the high GRAVY index and
its low isoelectric point of NIE protein (this is completely
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discussed in reference.'* The expression of NIE protein as
well as its purification was analyzed on a 12% SDS-PAGE,
which the result can be seen in Figure 1. As seen in the

kDa

~180
~135

~100
~75
~63

Figure 1, the expression and purification of the protein has
been done successfully. Following the purification, protein
refolding was done by dialysis against phosphate buffer.

4

‘

2 PPL3

NIE Protein

Figure 1. Expression Induction and Purification of NIE Protein. Lane 1: Before induction; Lane 2: After the induction with IPTG; PPL: Prestained
Protein Ladder (SinaClone, Iran; Cat.No. SL7011); Lane 3: Flow through of the applying the expressed protein into the nickel column; Lane 4:
Washing the column with urea buffer (pH 6.2); Lane 5: Washing the column with urea buffer (pH 5.9); Lane 6: Washing the column with urea
buffer (pH 4.5); and Lane 7: Washing the column with MES buffer.

Determining the Optimum Sera Dilution and Minimum

Concentration of Antigen for the Detection of Antibodies s
in Human Serum

To obtain the optimum sera dilution, we used 3 different

dilutions of sera as controls: 1:100, 1:500, and 1:1000. The 74

results showed that when 1:100 and 1:500 dilutions of
patients' sera were used, a high titer of antibody was observed
in all wells, including the control wells (wells without
antigen but with serum). While, using a dilution of 1:1000 1
solved this problem (data are not presented), and for this
reason, we used the same dilution to set up the test. Figure 2
shows the result of the experiment that was done to

0OD492

determine the minimum concentration of antigen for the 0- T

detection of antibodies in human serum. As it seen in the $ R S T S
Figure 2, all applied concentrations of the protein were able v NP “5 ,oq‘,'-‘

to detect IgM antibodies. However, the best result was seen AR o . @e"“'
when the protein concentration was 2 pg; so this concentration a.;:,’.s"

was used for other steps of this research. A

Different Concentration of NIE protein
Determination of IgM Titer in Positive and Negative Samples
To evaluate the ability of anti-NIE IgM antibodies for
immunodiagnosis of infection with S. stercoralis, the titer of
specific IgM antibodies against NIE recombinant protein was

Figure 2. Investigating the Best Concentration of Protein for The
Detection of IgM Antibodies in Human Sera. All applied
concentrations of the protein are able to detect IgM antibodies.
However, the best result was seen at 2 pg concentration of the protein.
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measured in 20 positive and 20 negative samples separately.
Tables 1 and 2 show the results of this experiment. As can
be seen, a spectrum of ELISA results was obtained. To
analyze the data, they were categorized in 6 different groups
according to their ODs: lower than 0.4, from 0.4 to 0.6, from
0.6 to 0.8, from 0.8 to 1, from 1 to 2 and higher than 2
(Table 3). According to formulas 1 and 2, the sensitivity and
specificity of the test were calculated (Table 4). As can be
seen in Table 4, by the increase of Cut off, the sensitivity
and specificity are decreased and increased, respectively.
Considering 0.6 as the Cut off, the sensitivity and specificity
obtained as 0.65.

Table 1. IgM Antibody Titers in 20 Positive Samples

I1gM Antibody Titers

0.569 0.660 2.602 1.347 0.132
12_ 0.980 0.744 0.510 0.744 2.602
E 0.873 1.214 0.946 0.660 0.510
s 0.789 0.365 0.472 0.472 0.948

Table 2. IgM Antibody Titers in 20 Negative Samples

1gM Antibody Titers

0.393 0.336 0.549 0.619 0.631
;E_ 1.676 0.362 0.441 0.670 1.066
§ 0.412 0.520 0.110 0.263 0.349
s 0.758 0.912 0.342 0.537 0.351

the infection by this nematode, there have been many attempts
in developing a fast and reliable test for this aim.2% The
diagnosis of this infection is generally performed by stool
culture. However, because of the challenges relevant to this
method, other tests have been developed.???® Immuno-
diagnostic tests have been widely used in this regard and
ELISA-based methods have been promising detection methods
in this regard.?+?

In the present study we investigated the applicability of the
anti-NIE IgM antibodies for the diagnosis of strongyloidiasis
and found that this method is relatively but not sufficiently
appropriate method for this aim. According to our result, the
best result was obtained when the cut off considered 0.6. In
this situation both sensitivity and specificity were calculated
as 65%. The previous studies on the immunodiagnosis of
strongyloidiasis based on the detection of specific IgM and
IgG have different sensitivity and specificity. The statistical
analysis of the ROC curve is presented in the Table 5. As
can be seen, the level below the chart is calculated as
0.7550. P value of the test is significant at the level of less
than 0.05, which indicates that the performed laboratory test
is able to distinguish somewhat between positive and negative
samples.

For further investigation, a box diagram of the samples
was also drawn (Figure 3). As can be seen in the Figure 3,

Table 5. The statistical Analysis of the ROC Curve

Table 3. Classification of Raw Data from ELISA Test ROC Area Results
I1gM Titer Patient Healthy Area Under the ROC Curve
0.4 or less 2 8 Area 0.7550
0.4-0.6 5 5 Standard Error 0.078
0.6-0.8 5 4 95% confidence intervals 0.6019 to 0.9081
0.8-1 4 1 P value 0.005817
1-2 2 2 Data
2-3 2 0 Controls (Negative) 20
Patients (Positive) 20
Table 4. The Specificity and Sens.it.iv.ity of the Test Based o?.E?ch Cut Off e 17 (Coiiral 0
Cut off Sensitivity (%) Specificity (%)
0.4 95 30
0.6 65 65
0.8 35 85
1 20 90
>2 10 100 Negative-
Discussion
Strongyloidiasis is an endemic infectious disease prevalent
in the north of Iran.® Robust and on-time detection of the Positive-
infection with S. stercoralis is an urgent action, especially in
immunocompromised people. Studies show the low sensitivity
and specificity of the diagnostic methods for S. stercoralis & \' (» ,5

detection. The asymptomatic nature of S. stercoralis and the
limitations of diagnostic methods, leads to under-diagnosis.
Due to the lack of a gold standard test for the diagnosis of

Figure 3. Box Plot of the IgM-ELISA Results.
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the diagram of the positive samples was somewhat consistent
with the diagram of the negative samples and the two
diagrams overlap in part, which indicates the low ability of
IgM to differentiate between the two groups (healthy and
patient people).

Doorn et al., used four different ELISA-based serodiagnostic
assays for the detection of anti-S. stercoralis antibodies in
patients’ sera, of which two assays were homemade and two
assays were commercial kits. The sensitivities of the assays
were between 83% to 93% and the specificity of their
exploited assays ranged from 95.0% to 97.2%.2° Ahmad et
al., used ELISA to detect anti-S. stercoralis antibodies in
patients’ fecal samples. They reached to a detection sensitivity
of 31.5 %.?” Fradejas et al. compared the specificity and
sensitivity of two commercial tests based on different antigens
for S. stercoralis for the diagnosis of the helminth in humans.
ELISA tests were based on crude larval suspension and NIE
recombinant protein. The sensitivity of the ELISA test based
on crude larval suspension ranged from 89.2% to 94.7%
while the NIE-ELISA ranged from 72.3% to 78.9%. The
specificity of the two assays was 72.3% to 89.3% for crude
larval suspension-ELISA and 85.1% to 93.6% for the NIE-
ELISA.28 The detection of anti-NIE 1gG antibodies (that we
are focusing on) may be more appropriate method in this
regard. It is rationale because 1gG has a significant higher
half-life than 1gM.?° Other studies have shown that 1gG-based
diagnosis of S stercoralis is high. For example, Krolewiecki
et al., reached a sensitivity and specificity of 84% and 100%,
respectively.® Pak et al., also reached 96.3% and 100% of
sensitivity and specificity, respectively.

Conclusion

The present study is the first report on the applicability of
IgM antibodies for the detection of S. stercoralis based on
NIE protein. In conclusion, the results show that the
detection of anti-NIE IgM antibodies is somewhat able to
differentiate between positive and negative strongyloidiasis
samples, but this degree of differentiation is very low. In
general, the sensitivity and specificity of this method were
not good enough to be considered a reliable test for the
diagnosis of the disease compared to the IgG- ELISA.
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