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ABSTRACT

Serodiagnosis of strongyloidiasis is usually performed by ELISA for the detection of IgG 

antibodies due to its high sensitivity and practicality, but its main limitation is a constant source 

of S. stercoralis antigens. The use of S. venezuelensis as a heterologous source of antigens 

has facilitated several published studies on the serodiagnosis and epidemiology of human 

strongyloidiasis. The main objective of this study was to evaluate the diagnostic accuracy of 

surface cuticle antigens of infective larvae of S. venezuelensis extracted with CTAB detergent 

(L3-CTAB) in comparison with soluble somatic extracts (L3-SSE) using a panel of sera 

from immunocompetent and immunocompromised individuals, at three different cut-offs. 

ROC curve analysis showed that L3-CTAB had an AUC of 0.9926. At the first cut-off value 

(OD 450 nm = 0.214), sensitivity and specificity were 100% and 90.11%, respectively, with a 

diagnostic accuracy of 0.93. At a second cut-off value (OD 450 nm = 0.286), sensitivity and 

specificity were 70% and 100%, respectively, with a diagnostic accuracy of 0.91. However, at 

an alternative third cut-off value (OD 450 nm = 0.589), sensitivity and specificity were 95% 

and 97.8%, respectively, with a diagnostic accuracy of 0.97. Using L3-CTAB as an antigenic 

source, the seropositivity rate in immunocompromised patients was 28.13% (9/32) whereas a 

seropositivity rate of 34.38% (11/32) was found when L3-SSE was used in ELISA. Therefore, 

the L3-CTAB is simple and practical to obtain and was found to be highly sensitive and specific.

KEYWORDS: Strongyloidiasis. Strongyloides venezuelensis. Surface. Enzyme-linked 

immunosorbent assay. Serodiagnosis.

INTRODUCTION

Strongyloidiasis is an intestinal parasitic infection caused by nematode 
Strongyloides stercoralis with a worldwide distribution, especially in tropical and 
subtropical regions. Human strongyloidiasis is still considered a neglected tropical 
disease and it is estimated that approximately 600,000,000 individuals are infected 
worldwide1.

In immunocompetent individuals, Strongyloides infection is usually chronic and 
sometimes even asymptomatic, but fatal cases can occur in patients infected with 
human T-cell lymphotropic virus type-1 (HTLV-1), patients receiving corticosteroids 
or other immunosuppressive therapies, where regular mechanisms of immunity are 
impaired or altered, allowing the parasite to reproduce massively with episodes of 
autoinfection. This critical condition, known as hyperinfection syndrome, is mainly 
characterized by the spread of the parasite to other organs, increasing the mortality 
rate from 60% to 87%2.
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Definitive diagnosis of strongyloidiasis is routinely 
made by microscopic observation of larvae in stool 
samples, but it may be difficult due to low or irregular 
larval excretion, resulting in false-negative results3,4. In 
order to increase the sensitivity of the diagnosis, different 
immunoserological tests were developed and applied 
for the serodiagnosis of Strongyloides infection. Among 
them, enzyme-linked immunosorbent assay (ELISA) is the 
most widely used test for detecting IgG antibodies whose 
main advantages are its high sensitivity and great utility in 
seroepidemiological studies5,6. Most of these ELISAs use 
antigenic extracts from other Strongyloides species, such as 
S. ratti and S. venezuelensis, due to limitations in obtaining 
antigens from S. stercoralis4,7.

Several antigenic extracts from S. ratti or S. venezuelensis 
have been evaluated in order to obtain better values of 
sensitivity and specificity, and these include total soluble 
somatic extracts8,9, alkaline somatic extracts10, and detergent 
somatic extracts9,11. Although maximum sensitivity can 
be obtained with these types of antigenic extracts, their 
main limitation is the cross-reactivity with other types of 
helminths. On the other hand, excretory-secretory products 
from infective larvae (iL3) of S. venezuelensi obtained under 
in vitro conditions have shown to have excellent values of 
sensitivity and specificity and almost no cross-reactivity, 
but their production is very time consuming12. During 
their migration through host tissues, the cuticle surface of 
Strongyloides larvae is in direct contact with the immune 
system, being the main target for the immune response. 
Therefore, cuticle surface proteins may be an important 
antigenic source for the serodiagnosis of strongyloidiasis. 
Several authors have described the use of the cationic 
detergent cetyltrimethylammonium bromide (CTAB) to 
extract the cuticle from different nematode parasites13-17. 
This study aimed to evaluate the surface extract from 
S. venezuelensis iL3 obtained by treatment with CTAB 
detergent for the detection of IgG antibodies in serum 
samples from immunocompetent and immunocompromised 
patients with strongyloidiasis.

MATERIALS AND METHODS

Serum samples

A total of 163 serum samples from immunocompetent 
(n = 131) and immunocompromised (n = 32) individuals 
were obtained at the Hospital das Clinicas da Faculdade de 
Medicina da Universidade de Sao Paulo, Sao Paulo State, 
Brazil (HC-FMUSP), after signing the informed consent 
form (Research Ethics Committee of HC-FMUSP, Protocol 
Nº 5.638.310, CAAE Nº 61636722000000068). This study 

used a convenience sample, made up of serum samples 
belonging to the Laboratorio de Investigacao Medica 06 
(LIM06), which were collected and used in previous studies.

Serum samples of immunocompetent individuals were 
composed of 40 patients with positive parasitological 
analysis for S. stercoralis (Group 1); 48 serum samples 
from individuals with negative parasitological analysis 
(Group 2); 43 serum samples from patients with positive 
parasitological analysis for other intestinal parasites 
(Group 3), including infection by Ascaris lumbricoides 
(n = 8), Trichuris trichiura (n = 8), hookworms (n = 8), 
Enterobius vermicularis (n = 1), Hymenolepis nana 
(n  =  11), Schistosoma mansoni (n = 6), and Giardia 
intestinalis (n = 1). 

Serum samples of immunocompromised individuals with 
positive parasitological analysis for S. stercoralis (Group 4) 
were composed of transplant candidate patients (n = 15), 
post-transplanted patients (n = 5), patients with cancer (n = 
6), patients infected with HTLV-1 (n = 3), and HIV patients 
(n = 3). Parasitological diagnosis of all these samples was 
based on the modified Baermann’s method, the spontaneous 
sedimentation technique18 and agar plate culture19.

Production of iL3 from S. venezuelensis

S. venezuelensis iL3 were obtained from 48 h charcoal 
fecal cultures from male Wistar rats (Rattus norvegicus) 
who were experimentally infected at 30 days of age. 
These iL3 were recovered by using a modified Baermann’s 
technique; the larvae were treated with sodium hypochlorite 
0.25% for 5 min and then washed four times with sterile 
distilled water by centrifugation at 4,000 x g for 1 min 
at room temperature in the Eppendorf Centrifuge model 
5427  R (Eppendorf® SE, Germany), and then stored at 
-20  °C until use12. The rats received sterilized food and 
water ad libitum and were handled in compliance with the 
animal ethics guidelines adopted by the Animal Research 
Ethics Committee of FMUSP (protocol Nº 0356A).

Soluble somatic extract from S. venezuelensis iL3

A soluble somatic extract (L3-SSE) was prepared 
according to the procedure described by Corral  et  al.20. 
Briefly, approximately 200,000 washed iL3 were 
resuspended in 1 mL of 25 mm Tris–HCl, pH 7.5, containing 
a protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO, 
USA), and sonicated on ice using five cycles, each with a 
pulse of 20 s, with a Portable Ultrasonic Cell Disruptor 
(Model UCD-P01, Biobase®, Shandong, China). The 
mixture was centrifuged at 12,400 x g for 30 min at 4 °C and 
the supernatant was collected and stored at -20 °C until use.
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Extraction of surface cuticle from S. venezuelensis iL3 
with CTAB detergent

Approximately 200 mg (dry weight) of iL3 were 
resuspended in 1 mL of phosphate-buffered saline 0.01 M, 
pH 7.2 (PBS) containing 0.25% CTAB detergent and 
incubated overnight at 4 °C. The suspension was centrifuged 
at 12,400 x g for 10 min and the supernatant was stored at 
-20 °C. This antigenic extract was named L3-CTAB. The 
protein content from both types of antigenic extracts was 
quantified by the commercial kit Pierce™ BCA Protein 
Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA).

ELISA

ELISA for the detection of IgG antibodies was based 
on the procedure described by Roldán Gonzáles et al.12. 
Briefly, the Costar® 96-well flat bottom microtitration 
polystyrene plates (Sigma-Aldrich Chemical Co., St. 
Louis, MO, USA) were coated (100 μL/well) with 
each type of the antigenic extracts at a concentration 
of 10 μg/mL, diluted in carbonate-bicarbonate buffer 
(0.06 M, pH 9.6) and incubated overnight at 4 °C. After 
three manual washes (300 μL/well) of 5 min each with 
PBS containing 0.1% Tween-20 (PBS-T), the plates 
were blocked with 5% nonfat milk (Molico®, Nestlé, 
Brazil) diluted in PBS-T for 45 min at 37  °C. The 
plates were washed with PBS-T as described above, and 
serum samples were tested in duplicate (100 μL/well),  
diluted 1:200 in blocking solution and incubated for 
45 min at 37 °C. After three washings with PBS-T, 
peroxidase-conjugated goat anti-human IgG (Fc specific) 
antibodies (Sigma-Aldrich Chemical Co., St. Louis, MO, 
USA) were diluted 1:10,000 in blocking solution, added to 
the plates (100 μL/well) and incubated for 45 min at 37 °C. 
After three washings with PBS-T, tetramethylbenzidine 
chromogen solution (Thermo Fischer Scientific, Waltham, 
MA, USA) was added (100 μL/well) and incubated for 
7 min at 37 °C; the reaction was stopped with 2N sulfuric 
acid (50 μL/well). The plates were finally read at 450 nm 
using an ELISA reader (Thermo Fischer Scientific, 
Waltham, MA, USA) and the results were expressed in 
optical density (OD) units. All assays were monitored by 
including a positive (pool of serum samples from Group 
1) and negative (pool of serum samples from Group 2) 
control sera as well as a blank without any serum sample. 
Since the structure of polystyrene ELISA plates are not 
perfect and minimal pipetting errors may occur during 
the assay, a 10% variation in the results from positive and 
negative control sera was tolerated as an internal control 
in each assay.

Statistical analysis

Statistical analyses were performed using the GraphPad 
Prism software, version 8.0 (Graph Pad Software Inc., San 
Diego, USA). In order to evaluate the diagnostic accuracy 
of each antigenic extract, sera from Group 1 (cases) were 
used to calculate the diagnostic sensitivity and sera from 
Groups 2 and 3 (controls) were used to calculate the 
diagnostic specificity following the receiver operating 
characteristic (ROC) curve analysis with a 95% confidence 
interval (CI), in which cut-off values for 100% sensitivity or 
100% specificity were calculated. Alternatively, maximum 
possible sensitivity and specificity were also calculated. 
Other measures of diagnostic accuracy such as area under 
the ROC curve (AUC), positive predictive values (PPV) 
and negative predictive values (NPV), likelihood ratio 
and overall accuracy were calculated21. The D’Agostino–
Pearson’s normality test and Paired t-test with statistical 
significance at p < 0.05 were used to compare the ELISA 
OD results obtained in each of the four groups of sera, using 
L3-CTAB and L3-SSE. 

RESULTS

The protein content resulting from CTAB detergent 
extraction of 200 mg of dried S. venezuelensis iL3 was 
approximately between 1 and 1.3 mg/mL, with no signs of 
larval degradation.

ROC curve analysis showed that L3-CTAB had an AUC 
of 0.99 (95% CI = 0.98 – 1.0, P < 0.0001), and L3-SSE had 
an AUC of 0.95 (95% CI = 0.89 – 1.0, P < 0.0001). Sera from 
Group 1 were slightly more reactive to L3-CTAB (range 
from 0.219 to 2.29) when compared to L3-SSE (range 
from 0.084 to 1.54), but this difference was not statistically 
significant (t = 1.60; P = 0.117). Sera from Group 2 were 
less reactive to L3-CTAB (range from 0.057 to 0.302) than 
L3-SSE (range from 0.073 to 0.402), and this difference 
was statistically significant (t = 4.11; P = 0.0002). Sera 
from Group 3 showed a comparable range of reactivity to 
both antigenic extracts; however, L3-CTAB had a lower 
OD mean (0.118; range from 0.054 to 0.539) than L3-SSE 
(0.176; range from 0.058 to 0.455), and this difference was 
statistically significant (t = 4.25; P = 0.0001).

When cut -off  va lues  for  100% sens i t iv i ty 
(L3-CTAB  =  0.214; L3-SSE = 0.083) were chosen, 
L3-CTAB achieved a specificity of 90.11%, whereas 
L3-SSE achieved a poor specificity of 15.38%; L3-CTAB 
achieved a PPV of 81.63%, whereas L3-SSE achieved a 
PPV of 34.19%, and the diagnostic accuracy was 0.93 and 
0.41 for L3-CTAB and L3-SSE, respectively (Table 1). With 
regard to cross-reactivity, five sera (11.63%) from Group 3 
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were positive for L3-CTAB, whereas 34 sera (79.07%) from 
this group were positive for L3-SSE (Figure 1).

In order to eliminate all the cross-reactivity, cut-
off values for 100% specificity (L3-CTAB = 0.589; 
L3-SSE  =  0.458) were chosen. In these conditions, 
L3-CTAB achieved a sensitivity of 70%, whereas L3-SSE 
achieved a sensitivity of 77.5%. Even though both antigenic 
extracts achieved 100% PPV, L3-SSE showed a better NPV 
when compared with L3-CTAB. Diagnostic accuracy using 
this cut-off was 0.91 and 0.93 for L3-CTAB and L3-SSE, 
respectively (Table 1).

New cut-off values were calculated in order to obtain 
the maximum possible values for both sensitivity and 
specificity (L3-CTAB = 0.286; L3-SSE = 0.365). In 
these new conditions, L3-CTAB achieved a sensitivity 
and specificity of 95% and 97.83%, whereas L3-SSE 

achieved a sensitivity and specificity of 92.5% and 
93.48%, respectively. The values of PPV and NPV of 
L3-CTAB were better than those of L3-SSE as well as 
its diagnostic accuracy (Table  1). With regard to cross-
reactivity, one serum sample (2.33%) from Group 3 was 
positive for L3-CTAB whereas four sera (9.30%) from 
this group were positive for L3-SSE (Figure  1). Using 
the cut-off values described above, L3-CTAB was not as 
sensitive as L3-SSE in detecting positive cases in sera from 
immunocompromised individuals (Group 4), finding low 
positivity (9 out of 32, 28.13%) when compared to L3-SSE 
(11 out of 32, 34.38%). Although some sera from this group 
were more reactive to L3-CTAB, the OD mean of L3-SSE 
(0.476; range from 0.062 to 1.84) was higher than L3-CTAB 
(0.360; range from 0.058 to 2.35) and statistically significant 
(t = 2.78; P = 0.0092).

Table 1 - Diagnostic accuracy of L3-CTAB and L3-SSE from infective larvae of S. venezuelensis 

Diagnostic parameters L3-CTAB L3-SSE

Cut-off 1 2 3 1 2 3

OD (450 nm) 0.214 0.286 0.589 0.083 0.365 0.458

% Sensitivity 100 95 70 100 92.5 77.5

% Specificity 90.11 97.8 100 15.38 94.51 100

Likelihood ratio 10.11 43.22 ∞ 1.18 16.83 ∞

% Positive predictive value 81.63 95 100 34.19 88.10 100

% Negative predictive value 100 97.8 88.35 100 96.63 91

Diagnostic accuracy 0.93 0.97 0.91 0.41 0.94 0.93

% Cross-reactivity 11.63 2.33 0 79.07 9.30 0

L3-CTAB = Surface cuticle antigens from infective larvae of S. venezuelensis extracted with CTAB detergent; L3-SSE = Soluble 
somatic extract from infective larvae of S. venezuelensis; ∞ = undefined.

Figure 1 - Reactivity of sera (expressed in ELISA OD at 450 nm) from immunocompetent individuals with S. stercoralis infection 
(Group 1; Strg), healthy (Group 2; Hlth), with other parasitosis [Group 3, including those infected with A. lumbricoides (Asca), 
T. trichiura (Tric), E. vermicularis (Ente), hookworms (Hook), H. nana (Hyme), S. mansoni (Schi), and G. intestinalis (Giar)], and 
immunocompromised with strongyloidiasis (Group 4; Strg IC) against the surface cuticle antigens extracted with CTAB detergent 
(L3-CTAB) or the soluble somatic extract (L3-SSE) from infective larvae of S. venezuelensis by ELISA. Each graphic shows the 
cut-off values (Y axis).
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DISCUSSION

Human strongyloidiasis is still underdiagnosed and 
underestimated, resulting in a serious public health problem 
worldwide. Although the detection of antibodies may not be 
useful for post-treatment monitoring, the detection of IgG 
antibodies by ELISA is preferred due to its high sensitivity, 
reproducibility, and its capacity to work with a high number 
of samples, being a powerful tool for clinical diagnosis and 
seroepidemiological studies7.

Usually, ELISA classifies a sample as positive or 
negative using a cut-off value and the most used method to 
choose this value is the ROC curve analysis, where the AUC 
determines the inherent ability of the test to discriminate 
between the diseased and healthy individuals21. In fact, one 
of the main advantages of the ROC curve is that it provides 
a wide range of different cut-off values to confer greater 
sensitivity or specificity to the test. In certain situations, 
it is more convenient to prioritize high sensitivity (i.e., 
a screening test for epidemiological studies) or high 
specificity (i.e., a diagnostic test to confirm a disease) and 
the choice of the cut-off value will depend on the objective 
of the study.

In this study, the diagnostic accuracy of surface cuticle 
antigens of S. venezuelensis iL3 obtained by simple 
incubation with the CTAB cationic detergent (L3-CTAB) 
was evaluated through ELISA in a panel of serum samples 
from immunocompetent individuals using three different 
cut-off values, showing better results when compared to a 
saline somatic extract (L3-SSE). However, both antigenic 
extracts were unable to detect all serum samples from 
the immunocompromised patients with strongyloidiasis, 
obtaining low values of seropositivity. Several authors have 
described that the lower sensitivity of serological tests found 
in immunocompromised patients may reflect a decreased 
level of antibody production, especially in patients with 
HTLV-1 infection, HIV infection, and hematologic 
malignancies22-24. Thus, serological tests for antibody 
detection may not be useful screening tests for identifying 
strongyloidiasis in this type of population. 

Pritchard et al.13 were the first to demonstrate that 
the CTAB cationic detergent was capable of extracting 
the surface cuticle antigens from live adult parasites of 
the nematode Nematospiroides dubius. Likewise, several 
authors have followed this procedure to extract the surface 
cuticle antigens of live parasites from Trichinella spiralis15-17 
and S. ratti14. Nevertheless, the main limitation of this 
procedure is the use of live parasites in a cell culture medium 
or PBS at 37 °C for extracting the surface cuticle antigens, 
since these physiological conditions may stimulate the 
release of E/S products by live parasites, thus contaminating 

the extraction of the surface antigens. Our procedure differs 
from these previous authors in the use of frozen larvae, 
since live S. venezuelensis larvae were capable of releasing 
considerable amounts of E/S products when incubated in 
PBS for 48 h at 37 °C12. This modification guarantees that 
our CTAB antigenic extract contains only proteins from 
the surface of the larvae. Murrell et al.25 have described 
that the infective larvae from S. ratti and T. spiralis have 
a negatively charged surface that binds cationized ferritin 
and ruthenium red; this fact could have facilitated an active 
extraction with the CTAB cationic detergent, resulting in 
considerable quantities of material from the larval surface.

Limitations

Some limitations of this study can be evaluated. Firstly, 
the possibility that S. stercoralis infection was not diagnosed 
in Groups 2 and 3 as part of a polyparasitism, since helminth 
infections are common in individuals from Latin America. 
Secondly, the low sensitivity in detecting anti-Strongyloides 
IgG antibodies in immunocompromised individuals. 
Since most cases of hyperinfection and/or disseminated 
disease occur in immunocompromised patients, other 
complementary strategies, such as the detection of larvae 
or parasite DNA or its antigens in bronchoalveolar lavage 
or feces, could improve diagnosis in this group of patients. 
Finally, for a better evaluation of the L3-CTAB, it is 
necessary to increase the number of analyzed samples.

CONCLUSION

Our procedure is simple and practical to carry out and 
does not require additional expensive reagents or equipment. 
Furthermore, the possibility of obtaining proteins from the 
surface of the parasite using this detergent opens the way for 
future studies on the biology, biochemistry and proteomics 
of the surface of S. venezuelensis and its interaction with the 
host. Future studies will be necessary to determine which 
proteins make up the surface cuticle of S. venezuelensis iL3.
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