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Strongyloides ratti Antigenic Components Recognized by IgE
Antibodies in Immunoblotting as an Additional Tool for Improving
the Immunodiagnosis in Human Strongyloidiasis

Rosangela Maria Rodrigues ™ *, Mdnica Camargo Sopelete,
Deise Aparecida de Oliveira Silva, Jair Pereira Cunha-)nior, Ernesto Akio Taketomi,
Julia Maria Costa-Cruz™

Departamento de Imunologia, Microbiologiae Parasitologia, Instituto de Ciéncias Biomédicas, Universidade Federal de
Uberlandia, Av. Para 1720, 38400-902 Uberlandia, MG Brasil

IgE antibody response in human strongyloidiasis was eval uated by enzyme-linked immunosor bent assay (ELISA)
and immunoblotting (IB) using Strongyloides ratti saline extract as heterologous antigen. A total of 50 serum
samples of patients who were shedding S. stercoralis larvae in feces (group |, copropositive), 38 of patients with
other intestinal parasites (group 11), and 38 of subjectswith negative resultsin three parasitologic assays (group 11,
copronegative) were analyzed. Levels of IgE anti-Strongyloides expressed in ELISA Index (EI) were significantly
higher in patients of group | (1.32) thanin group 11 (0.51) and group I11 (0.81), with positivity rates of 54%, 0%, and
10.5%, respectively. Fifteen S. ratti antigenic components were recognized in IB-IgE by sera of group I, with fre-
guency ranging from 8% to 46%. In group I, only two antigenic bands (101, 81 kDa) were detected in a frequency
of 10% and no reactivity wasfound in group I11. Serawith El values> 1.5 recognized five from 13 specific antigenic
bands (70, 63, 61, 44, 7 kDa). It can be concluded that these five antigenic components recognized by I1B-IgE using
S. ratti antigen might be employed as an additional tool for improving the immunodiagnosis in human strongyloidi-
asis.
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Strongyloides stercoralis is an intestinal nematode
with worldwide distribution, predominantly intropical and
subtropical countries, and sporadically in temperate re-
gions. Strongyloidiasisis a severe disease, but it can be
clinically inapparent in the majority of patientswith infec-
tion restricted to the gastrointestinal tract. Nevertheless,
the systemic invasion of the parasite by its larval stage
leadsto afatal hyperinfection syndrome or disseminated
strongyloidiasis, particularly inimmunocompromised sub-
jects like patients with cancer, organ transplant recipi-
ents, acquired immunodeficiency syndrome (AIDS), and
patients upon corticoids and other immunosuppressive
therapy (Ferreiraet al. 1999, Siddiqui & Berk 2001, Oliveira
etal. 2002).

Previous studies have shown that circulating IgE an-
tibodies and eosinophils play animportant rolein theim-
muneresponseto helminths (Meeusen & Balic 2000). High
levels of specific IgE are usually demonstrated in immu-
nocompetent patientswith strongyl oidiasiswhereas|ower
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levelsarefound in the disseminated disease and immuno-
suppressive conditions (Atkins et al. 1997, Vercelli et al.
1998).

IgE anti-S. stercoralis antibodies have been detected
by radioall ergosorbent test (RAST), enzyme-linked immu-
nosorbent assay (ELISA), and immunoblotting (I1B)
(McRury et al. 1986, Conway et al. 1993, Sato et al. 1995,
Atkins et a. 1997). However, one of the most important
limitationsfor immunodiagnosisin strongyloidiasisisthe
difficulty for obtaining S. stercoralisfilariformlarvae. Thus,
studies have been conduced using heterologous antigen
of filariform larvae from Strongyloidesratti and Srongy-
loides venezuelensis in the development of serological
methods (Grove & Blair 1981, Costa-Cruz et al. 1997,
Machado et al. 2001). The aim of this study wasto evalu-
ate IgE antibody response in human strongyloidiasis by
immunoblotting using S. ratti saline extract as heterol o-
gous antigen and to compareit with ELISA-IgE results.

MATERIALSAND METHODS

Serumsamples- A total of 126 serum samplesof indi-
viduals divided into three groups according to the co-
proparasitol ogic results obtained from the Ferrioli (1961),
Lutz (1919), and Ritchie (1948) methods was analyzed.
Group | consisted of 50 serum samples of patients from
the Clinical Hospital, Federal University of Uberlandiaand
theMunicipal Health Service, Uberlandia, state of Minas
Gerais, Brazil, who were shedding S. stercoralislarvaein
the feces (copropositive); group | consisted of 38 sera of
patients with other intestinal parasites, such as Ascaris
lumbricoides (10 cases); Enterobius vermicularis (4
cases); hookworm (5 cases); Taenia sp. (3 cases); Trichu-
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ristrichiura (2 cases); Giardialamblia (12 cases); Enta-
moeba histolytica (2 cases); and group |11 comprised 38
serum samples of healthy individuals with negative re-
sultsin three fecal samples (copronegative) and with no
history of Strongyloides infection. In addition, subjects
of groups|l and 111 were non-reactive to Strongyloides as
determined by ELI1SA-IgG. The Ethics Committeein Re-
search of the Federal University of Uberlandia approved
this study.

Parasites - S. ratti larvae were obtained from the fe-
ces of experimentally infected rats (Rattus rattus). The
fecal samples were mixed with an equal part of finely
ground wood charcoal, moistened with water, spread in
an uniform layer on Petri dishesand incubated at 25°C for
5 days. Filariform larvae were then harvested according
totheFerrioli (1961) method, concentrated by centrifuga-
tion for 5 min at 1000 g and stored at —20°C until being
used in the heterologous antigen preparation.

Heterologous antigen - S. ratti filariform larvae
(500,000) were resuspended in 1 ml of 0.01 M phosphate
buffered saline (PBS) pH 7.2 containing 2 mM EGTA, 2
mM EDTA and 0.3 mg/ml of proteaseinhibitors (Boehering
Mannheim, Germany). For antigenic extraction, larvae on
ice bath were disrupted using tissue homogenizer (Omnith
International, US) with 5 cyclesfor 5 min and then submit-
ted to 8 ultra-sound cycles for 20 s at 40 kHz (Thorton,
Inspec Eletrénica, Sao Paulo, Brazil). After overnight in-
cubation at 4°C under continuous agitation, the suspen-
sion was centrifuged at 3000 g for 30 min at 4°C and the
supernatant (saline extract) was analyzed for protein con-
tent by the Lowry et al. (1951) method and stored at
—20°C until being usedin ELISA and IB.

ELISA-IgE - Strongyloides-specific IgE antibodies
were measured in serum samplesof groupsl, 1, and 11 by
indirect ELISA using heterologous antigen as described
by Costa-Cruz et a. (2003). Preliminary experimentswere
carried out in order to determine the optimal conditions
for ELISA-IgE, through block titration of the reagents (an-
tigen, sera, and conjugate). High-binding microtiter plates
(Costar, Sigma, US) were coated with 10 pg/ml of S. ratti
salineextractin 0.06 M carbonate-bicarbonate buffer, pH
9.6 and incubated overnight at 4°C. Plates were washed
threetimesfor 5 minwith PBS containing 0.05% Tween 20
(PBS-T) and blocked with PBS-T plus 1% bovine serum
albumin (PBS-T-BSA) for 1 h at room temperature (RT).
Subsequent steps were carried out using PBS-T-BSA as
diluent and washings in PBS-T were done between the
steps of the reaction. The plates were incubated with se-
rum samples diluted at 1:2 in duplicate for 2 h at 37°C.
Subsequently, biotinylated goat anti-human IgE
(Kirkegaard & Perry Laboratoriesinc, Baltimore, MD, US)
was added (1:500) and incubated for 1 hat 37°C, and then
streptavidin-peroxidase conjugate (Sigma) diluted at 1:500
wasincubated for 30 min at RT. The assay was devel oped
by adding the enzyme substrate consisting of 0.01 M 2,2’ -
azino-bis-3 ethyl-benzthiazoline sulfonic acid (ABTS)
(Sigma) and 0.03% H,0,, and the absorbance wasread at
405 nm in a plate reader (Titertek Multiskan Plus, Flow
Laboratories, US). Three positive control sera obtained
from patients who were shedding S. stercoralislarvaein
the feces and three negative control sera from healthy

subjects were included in each assay. The results were
arbitrarily expressed asELISA Index (El) and determined
asfollows: El = absorbance of test sample/cut off, where
cut off was calculated as the mean absorbance of nega-
tive control sera plus five standard deviations. VValues of
El > 1.0 wereconsidered as positive. Additionally, El val-
ueswere arbitrarily ranked into four reactivity classesfor
comparison: (class0) < 1.0; (class1) > 1.0< 1.5; (class2) >
1.5<5.0and(class3) >5.0.

IB-1gE - S. ratti saline extract (100 pg of final protein
content) was diluted (v/v) in sample buffer (31 mM Tris
pH 8.8, 2% SDS, 11 mM EGTA, 20% sucrose, 0.25% bro-
mophenol blue) and boiled for 3 min at 100°C. The anti-
gen extract was then separated by sodium dodecy! sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE) us-
ing a14% resolving gel under reducing and non-reducing
conditions (Hoefer PharmaciaBiotech Inc, San Francisco,
US) according to the method of Laemmli (1970) and sub-
sequently silver-stained (Friedman 1982). After electro-
phoretic separation, protein fractions were transferred to
nitrocellulose membranes (0.45 pm; Sigma) using asemidry
transfer system (Multiphor 11 Electrophoresis Unit,
PharmaciaLKB, Uppsala, Sweden) as described by Towbin
etal. (1979). Nitrocellulose membranesweredividedinto 3
mm-stripsand blocked with 5% skim milk (SM) in 0.02M
Trisbuffered saline plus0.05% Tween 20 (TBS-T) for 6 h
at RT, and subsequently incubated with serum samples
dilutedat 1:2in TBS-T-1% SM for 24 h at 4°C under con-
tinuous agitation. The strips were washed six times with
TBS-T and then incubated with biotinylated goat anti-
human IgE (Kirkegaard & Perry Lab. Inc.) at 1:500in TBS-
T-1% SM for 20 h at 4°C. After washing procedures, an
amplification system (streptavidin-biotinylated peroxidase
complex; Dako, Denmark) diluted at 1:500in TBS-T-1%
SM was added and incubated for 1 h at RT. After final
washings, the strips were developed using a chemilumi-
nescence system (ECL, Amersham Pharmacia Biotech,
Buckinhamshire, England), following the manufacturer
instructions. For negative controls, reactions were car-
ried out in the absence of primary or secondary antibod-
ies, i.e., substituting test serawith TBS-T-1% SM.

Statistical analysis - Statistical analysis consisted of
determinations of geometric means for specific IgE to
Srongyloides and the differences between the means
obtained in the different groups were analyzed by the
Student t test. Frequenciesof positivity in ELISA-IgE and
S ratti antigenic componentsrecognized in IB-IgE among
the different groups were compared using the analysis
between two proportions by Z statistics. Differenceswere
considered as stetistically significant when p < 0.05.

RESULTS

Levelsof IgE anti-Strongyl oides expressed in El mea-
sured in serum samples of groupsl|, 11, and I11 are shown
in Fig. 1. The geometric mean of specific IgE levelsin
patients of group | (1.32) wassignificantly higher thanin
group |1 (0.51; p=0.0001) and group |11 (0.81; p=0.0002),
with positivity rates of 54% (27/50), 0% (0/38) and 10.5%
(4/38), respectively.

Theelectrophoretic profilein SDS-PAGE and reactiv-
ity of IgE antibodiesto S ratti by IB in seraof groupsl, |1,
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Fig. 1: levels of IgE anti-Strongyloides expressed in ELISA Index
(El) measured in 50 serum samples of patients with strongyloidiasis
(group |, copropositive), 38 serum sample of patients with other
intestinal parasites (group Il), and 38 serum samples of healthy
subjects (group 111, copronegative) using S. ratti saline extract as
heterologous antigen in ELISA-IgE. The dashed line represents the
cut off value; gm: geometric mean

and Il areillustrated in Fig. 2. Protein components of S.
ratti extract, with relative molecular masses ranging from
101 to 7 kDa, were visualized predominantly in group .
Fifteen antigenic components (101, 81, 70, 63, 61, 57, 54,
44, 39, 36, 33, 28, 19, 15, 7 kDa) with frequency ranging
from 8 to 46% wererecognized in | B-1gE by seraof group
I, whereas only two antigenic bands (101, 81 kDa) were
detected in afrequency of 10% in group Il (Fig. 3A) and
no reactivity wasfoundin group I11. Thefrequency of the
antigenic band of 101 kDa detected in the group | (46%)
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Fig. 2: electrophoretic profile (SDS-PAGE) and reactivity of IgE
antibodies to Strongyloides ratti antigenic components (IB-IgE) in
three representative sera of patients with strongyloidiasis (group |,
copropositive), patients with other intestinal parasites (group I1),
and healthy subjects (group 111, copronegative). C1 and C2 corre-
spond to the internal controls of the reaction in the absence of
primary antibody and in the absence of primary plus secondary
antibodies, respectively. Molecular mass values (kDa) are shown on
the left.

was significantly higher than in groups Il (10%) and 111
(0%) (p < 0.05). However, no difference was found when
comparing the frequency of the 81 kDaband in the group
| (36%) and group |1 (10%). These two antigenic compo-
nents (101, 81 kDa) were non-specific, since they showed
10% cross-reactivity with samplesfrom patientswith other
parasitic diseases and samples with an El < 1.5. Thus,
these two bands were not considered as specificimmuno-
dominant bands.

Thereactivity classes of specific IgE to Strongyloides
obtained in ELI1SA-IgE were analyzed with regard to the
number of S ratti antigenic components recognized in
IB-1gE by 50 seraof patients of group |, 10 sera of group
Il and 10 seraof group I11. Ingroup |, 2 (8.7%) of 23 sera
presenting class 0 (El < 1.0, negative specific IgE) recog-
nized only one antigenic band (101 kDa); out of 9 sera
with class1 (El > 1.0< 1.5), only one (11.1%) recognized
oneband (101 kDa) and 2 (22.2%) recognized from 2to 5
bands; 8 (61.5%) of 13 serapresenting class2 (El >1.5<
5.0) recognized from 6 to 9 bands; and all of 5 serawith
class 3 (El > 5.0) recognized more than 6 antigenic bands.
Ingroup 11, only one (10%) of 10 serawith negative spe-
cific IgE (El < 1.0) recognized two bands (101, 81 kDa),
although they were weakly stained when compared to
their reactivity ingroup . No reactivity wasfound in group
Il.

Considering as immunodominant antigenic compo-
nents those that were recognized by serain a frequency
equal or more than 50%, 13 antigenic bands (70, 63, 61, 57,
54,44, 39, 36, 33, 28, 19, 15, 7 kDa) were detected by sera
from class 3 (El > 5.0) whereasfive of these bands (70, 63,
61, 44, 7 kDa) were detected by serafrom class2 (El > 1.5
<5.0) inthegroup I. No immunodominant antigenic com-
ponent was noticed in negative IgE sera (El < 1.0) while
two of these immunodominant bands (61, 44 kDa) were
recognized by a single serum of class 1 (El > 1.0 < 1.5)
(Fig. 3B). Inaddition, al serafrom class 3 and 77% of sera
from class 2 recognized two to five of the specific immu-
nodominant bands.

DISCUSSION

Regarding the difficulty for obtaining sufficient
amount of S. stercoralisfilariform larvae, it has become
necessary the standardization and utilization of heterolo-
gous antigensfrom S. ratti, which can be used asreliable
source of antigens for immunodiagnosis in human
strongyloidiasis, thus replacing S. stercoralis antigen
(Grove & Blair 1981, Rossi et a. 1993). In this study, pa-
tients with strongyloidiasis (group I) had significantly
higher levelsand positivity rates of specific IgEto S. ratti
as compared to the patients with other intestinal para-
sites (group I1) and healthy subjects (group I11). Despite
the presence of only 4/38 seropositive samples in the
group 111, these were detected in borderline cut off values
and this positivity was not statistically significantin rela-
tion to the group 11.

Immunoblotting hasbeen largely utilized to character-
ize Strongyl oides protein fractions recognized by differ-
ent antibody classes (Conway et al. 1993, Uparanukraw et
al. 1999). In the present study, out of 15 antigenic frac-
tions recognized by IgE in sera of patients with strongy-
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Fig. 3 A: frequency (%) of Strongyloides ratti antigenic compo-
nents (kDa) recognized in IB-IgE by 50 serum samples of patients
with strongyloidiasis (group I, copropositive) and 10 sera of pa-
tients with other intestinal parasites (group Il); *p < 0.05; B: fre-
quency (%) of 13 S ratti antigenic components (kDa) recognized
in IB-IgE only by sera from patients with strongyloidiasis (group I,
copropositive) according to the different reactivity classes (El >
1.0< 15, El >15< 5.0 and El > 5.0) determined in ELISA-IgE to
S ratti; El: ELISA Index; +: immunodominant bands

loidiasis, three (44, 36, 33 kDa) had a ready been described
intheliterature (Atkinset a. 1999). Considering the dif-
ferent extracts used and the intrinsic variability of the
reactions, it can be presumed that the bands of 28 and 57
kDafound in this study might correspond to bands of 29
and 56 kDa, respectively, described by Atkinset al. (1999)
when using S. stercoralis homologous antigen for the
detection of specific IgE.

Different reactivity classesdeterminedin ELISA-IgE
to S ratti showed diverse antigenic profiles in 1B-IgE.
Accordingly, serafrom patients of group | presenting IgE
reactivity classes 2 or 3 (EI > 1.5) recognized a higher
number of different S. ratti antigenic fractionsin IB-IgE.
Thesesresultsarein agreement with thefindings of Hagan
(1993) and Atkins et al. (1997) who showed that patients
with high levels of specific IgE might be presenting an

initial phase of S stercoralis infection. In contrast, pa-
tients presenting low levels of specific IgE associated
with alow frequency of antigenic components detected
in1B-1gE might reflect cases of asymptomatic chronicin-
fection. Additionally, several studies have demonstrated
apredominance of specific IgG4 antibodiesin S stercoralis
chronic infections and the important role of such anti-
bodies as modulators in the IgE-mediated immune re-
sponse (Ishizaka 1982, Atkinset al. 1999).

Ingroup 1, only two antigenic fractions (101, 81 kDa)
were recognized by asingle serum sample and such bands
wereweakly stained when compared to their reactivity in
group |. Therefore, since this serum sample was negative
IgE (El < 1.0), thereisareal possibility of cross-reactivity
with other intestinal parasites.

When analyzing the frequency of S. ratti antigenic
components in IB-IgE according to different reactivity
classesin ELISA-IgEto S ratti in seraof group |, abroad
spectrum of antigenic fractionswasvisualized. Thus, sera
with El > 5.0 recognized 13 immunodominant bands (70,
63, 61, 57, 54, 44, 36, 39, 33, 28, 19, 15, 7 kDa) with fre-
quency equal or more than 50%, while serapresenting El
>1.5<5.0recognized only fivefrom theseimmunodominant
fractions (70, 63, 61, 44, 7kDa). In our recent report (Silva
et a. 2003) we have shown that in 1B-1gG, 11 antigenic
immunodominant bandswere recognized by at least 25%
of serafrom patients with strongyloidiasis. In this study
(IB-IgE), 5 different and highly specific antigenic bands
were recoghized by equal or more than 50% of serafrom
patientswith El > 1.5.

Taken together, it can be concluded that the five anti-
genic components recognized by IB-IgE using S. ratti
antigen might be employed as an additional tool for im-
proving theimmunodiagnosisin human strongyloidiasis.
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