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SUMMARY

The potential roles of specific antibodies of different immu-
noglobulin G (IgG) subclasses and IgE in serological diagnosis
of cystic echinococcosis ( CE) were investigated by an enzyme
linked immunosorbent assay (ELISA) based on Antigen 5
(Ag5). Presence of IgGl was demonstrated in all sera from
58 patients with CE. The most discriminatory and specific
antibodies found in this study belonged to IgG4 and IgE. Only
one false-positive reaction was observed with IgG4 and no IgE
cross-reactivity occurred with 40 sera from healthy controls.
In 36 sera from patients infected with parasites other than CE
two false-positive reactions with IgG4 were observed but none
occurred with IgE. In immunoblotting, it was shown that IgG1
subclass was responsible for cross-reactivity of human antibodies
that reacted with a 38 kDa subunit of Ag5. IgG4 and IgE
antibodies could not recognize the 38 kDa subunit and under
non-reducing conditions reacted with the 57 kDa subunit without
any cross-reactivity to other parasites. The results demon-
strated that IgG4 and IgE are the most important antibodies
for serological diagnosis of hydatid cyst in an Ag5 based
immunoassay system.
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INTRODUCTION

Cystic Echinococcosis (CE), caused by infection with larval
Echinococcus granulosus (E. granulosus) has public health
importance not only in areas of endemicity but also in
countries or regions where migration of infected people and
exchanges of livestock occur (1). Identification of discrete
parasite antigens that could provide a more sensitive and
specific serological test has become a relevant research aim
(2). Attempts to identify hydatid cyst fluid (HCF) antigens
that might be relevant for the immunodiagnosis of hydatid
disease has led to characterization of two major antigens of
HCEF, called antigen B (AgB) and antigen 5 (Ag5) (3,4).
AgB is a polymeric lipoprotein with a molecular mass of
120 kDa, which under reducing electrophoretic conditions
appears to be composed of three subunits with molecular
sizes of 8-12, 16, and 24 kDa. The smallest subunit has
proved the most useful target in diagnostic studies (5-7).
Ag5 is a high molecular mass lipoprotein complex of 67 and
57 kDa that under reducing conditions dissociates into 38
and 22 kDa subunits. Historically Ag5 is one of the most
widely used antigens for CE immunodiagnosis. However,
subsequent studies have shown that Ag5 cross-reacts with
human antibodies to other taeniad cestodes such as
E. multilocularis, Taenia solium and other helminths (8.9).
In human cystic hydatid cases, which are sero-positive,
IgGl, IgG4 and IgE antibodies against cyst fluid antigens
predominate (10,11). Differences in the IgG subclass
response have been noted between asymptomatic patients
and more advanced cases that had undergone surgery.
Asymptomatics preferentially induce IgGl and surgical
cases IgG4 and IgE, which suggests a class switching as the
disease progresses (12,13). Although there is antigen recog-
nition by these two subclasses, Ag5 is recognized primarily
by IgG1 and AgB by IgG4 and/or IgE. The present study
was designed to assess the value of IgG subclasses and IgE
antibodies as well as the usefulness of Ag5 subunits for
immunodiagnosis of human hydatid disease by ELISA and
immunoblot methods. Furthermore, Ag5 binding sites for
IgG1, IgG4 and IgE were also characterized.
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MATERIALS AND METHODS

Parasite antigens

Hydatid cysts were isolated from sheep liver obtained from
abattoirs in Tehran/Iran. The HCF and protoscoleces were
aspirated aseptically from fertile cysts. Freshly isolated
hydatid fluid (HF) was centrifuged (5000 g for 30 min), and
sodium azide (0-5 g/L) and ethylenediamine tetra acetate
(EDTA) (5 mM) were added to the supernatant and the
product was stored at —70°C until used.

Antigen preparation

Hydatid preparations enriched for Ag5 were obtained from
the hydatid fluid based on the method of Orial et al. (14).
The HF was dialysed against 5 mm acetate buffer (pH 5-0)
and centrifuged at 52 000 g for 30 min. The precipitate was
dissolved in 0-1 M phosphate buffer (pH 8-0), and centrifuged
(50 000 g for 60 min). The supernatant was collected and
passed through a G-sepharose protein column (Pharmacia
LKB, Uppsala, Sweden) in order to remove any immuno-
globulin G (IgG) contaminant from the host. Finally,
dialysis was performed against phosphate saline buffer
(PBS, 0-15 m, pH 7-4).

Sera

Blood samples were withdrawn from suspected cystic
hydatidosis cases. The sample size was calculated according
to the following formula (P: 95%, P,: 97%, e: 0-05).

_RO-R)+P(1-P)
(02

Cut-off values were calculated on the basis of 40 sera
from healthy adult individuals. An additional group of 36
sera were used from patients with various other parasitic
infections, Leishmaniasis (11 sera), Toxoplasmosis (12 sera)
and Fasciolasis (13 sera), for cross-reactivity studies.

N

Enzyme linked immunosorbent assay (ELISA)

Total IgG and IgE were measured according to Short et al.
(4) with some modifications. Briefly, microtitration plates
(Maxisorp, Nunc, Roskilde, Denmark) were coated with
Sug/mL of AgS diluted in 0-1 M carbonate/bicarbonate
buffer (pH 9-6). Sera were diluted 1 : 100 and 1 : 10 for IgG
and IgE, respectively, in PBS containing 2-5% bovine serum
albumin. Goat anti-human IgG or IgE conjugated to
horseradish peroxidase (Sigma, USA), diluted 1:3000
and 1 : 500, respectively, were used as the second antibody.
Tetramethylbenzidine (TMB) and H,O, were used to visualize
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the antigen—antibody reaction. Optical density (OD) was
registered at 450 nm (OD,,) after the addition of stop solution
(H,SO,, 2-5N). Mean OD 3 standard deviations (SD) of
the OD values obtained for the healthy sera was used to
establish a cut-off value. Values greater than the cut-off
value was considered positive for anti-hydatid antibodies.
The assays for IgG subclasses were performed as
described by Aceti et al. (8) with some modifications. Briefly,
microtitration plates (Maxisorp, Nunc, Roskilde, Denmark)
were coated with 1 pg/mL of Ag5 diluted in 0-1 M carbonate/
bicarbonate buffer (pH 9:6). The serum samples were
diluted 1: 500 in PBS-T-BSA (PBS with 0-1% Tween-20
and 2% bovine serum albumin) and incubated for 1h at
37°C. Monoclonal anti-human IgG1 and [gG4 were diluted
1: 6000 and 1 : 4000, respectively, and were added as second
antibodies for 1h at 37°C. Finally goat anti-mouse IgG
peroxides (Sigma) was diluted 1 : 5000, added and incubated
for 30 min at 37°C. TMB was used to visualize the anti-
gen—antibody reaction, as described for total IgG and IgE.

SDS-PAGE and immunoblotting

Samples of hydatid antigen were subjected to SDS-PAGE
in 10% homogeneous polyacrylamide gels as described by
Laemmli (15). Antigens were separated under reducing or non-
reducing conditions (with or without 5% 2-mercaptoethanol)
and were transferred from unstained gels to nitrocellulose
membranes by means of the Fast transfer (Pharmacia LKB)
following standardized procedures. Efficiency of transfer
was verified by staining with Ponceau S solution (0-3% w/v
in 3% v/v trichloroacetic acid). Membranes were cut into
strips and blocked for 1 h at room temperature (RT) in Tris
buffer (0-1 m with 1% Tween 20) and bovine serum albumin
(1% w/v). The strips were then washed with phosphate
buffer (PBS 1% v/v Tween 20, pH 7-5) and incubated over-
night at RT with positive, control and negative sera (diluted
1:2000). After washing, membranes were further incubated
with monoclonal anti-human IgG1, IgG4 and IgE antibodies
(Sigma) (1 : 3000, 1 : 2000 and 1 : 1500 dilutions, respectively)
for 2 h at RT. Finally membranes were incubated with
peroxide-labelled goat anti-mouse IgG (FC specific, Sigma) and
visualized by adding diaminobenzamidine tretrahydrochloride
(DAB) (0-06% w/v) solution containing H,O, (0-1% v/v).

Data analysis

The diagnostic value of the ELISA was evaluated in terms
of sensitivity and specificity, and discrimination coefficients
were used. Discrimination coefficients were calculated by
division of the mean OD,;, values of the sera of CE patients
by the mean OD,, values of sera obtained from non-CE
subjects and healthy controls.
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RESULTS

Discrimination coefficients

The OD,, values of the sera for all antibodies tested are
give in Figure 1, and the discrimination coefficients are
listed in Table 1. For CE patients, specific IgG4 and IgG1
antibodies were detected in all sera tested, whereas specific
IgG4 and IgE antibodies could only be detected in 75-6%
and 70-7% of the patients. Non-specific reaction in healthy
controls and non-CE patients was observed with IgG and a
decrease in non-specific reactions was seen with IgG4 and
IgE. For IgGl1 six sera of healthy controls and seven sera of
non-CE infection showed a non-specific reaction, whereas
for IgG4 only one healthy control and two non-CE sera
showed non-specificity. No non-specific reaction was
observed with IgE.

The highest discrimination coefficients between sera of
patients and healthy controls were calculated for IgE

Table 1 Discrimination Coefficients were selected to determine
the power of specific IgG, IgG subclass and IgE antibodies to
discriminate positive and negative reactions. Discrimination
Coefficients were calculated as means OD,;, values of positive

Ag5 specific IgE and IgG subclass

(coefficient of 13), total IgG (coefficient of 11-7) and IgGl
(coefficient of 11). Antibodies of class IgE allowed the best
discrimination between CE and non-CE infection, with dis-
crimination coefficients of 11-4. For IgG, IgG1 and 1gG4
discrimination coefficients were in the range of 4-6 and
allowed no discrimination between different groups.

Sensitivity and specificity

In CE patients, 100% positive reactions were recorded for
IgG and IgG1 antibodies, whereas IgG4 and IgE could be
detected in only 75-8% and 70-1% of the tested sera. None
of the sera from healthy controls gave positive IgE results.
Six samples from this group had a non-specific reaction for
IgG and IgG1 and one serum also non-specifically reaction for
IgG4 (Table 2). Evaluation of specificity of IgG and IgE
antibodies revealed various degrees of false positivity with
sera from subjects with non-CE infection (Table2). As
shown in Table 3 specificity was highest for IgE (100%).

Table 2 Sensitivities were calculated as number of positive sera
divided by total number of sera from infected samples.

sera divided by non-CE subjects and healthy controls. Specificity Sensitivity
IgG IgGl 1gG4 IgE 41 (70-17%) 58 (100%) 1gG
41 (70-17%) 58 (100%) 1gGl
418 4-5 67 11-4 Non-CE 41 (93:02%) 44 (75-8%) 1gG4
11-7 11 8:25 13 Healthy control 41 (100%) 41 (70-1%) IgE
2:5 2:5 1
g CE IgG1
2 A 2] CE
1-5 4 1.5 -
3 non-CE 3 non-CE
KA S
o Control 8 Control
© o5 ’_H 051
0 1 [ . 0 % £ .
-05 -05
2:5 2.5 -
IgG4 IgE
24 2+
1.5 CE _ 154 CE
3 3
g 1 non-CE o 1 non-CE
Q Control Q Control
O O 051
0-5
Figure 1 IgG, IgG subclass and IgE specific 0 ,—I—\ — . 0 = )
OD,;, for sera of CE, non-CE and healthy t _05
controls. -05
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Table 3 Specificites were calculated as number of negative sera
divided by total number of sera from non-infected samples.

IgE 1gG4 1gG1 IgG
- - 2 2 Leishmaniasis (11)*
- 1 1 1 Toxoplasmosis (12)*
- 1 4 4 Fasciolasis (13)*

2 7 7 Total (36)*
- 5:5% 19-4% 19-4% Cross-reactions (%)

*Number of cases in parentheses.

Cross-reactivity

IgG and IgG1 cross-reacted with six healthy controls and
seven non-CE cases (Table 3). The highest proportion of
cross-reactivity was found in sera from patients with
Fasciolasis infection. The number of non-specific reactions
was reduced to two and zero when specific IgG4 and IgE
antibodies were analysed. Only one false positive reaction
was noted for patients with non-CE for IgG4.

Western blotting

Under non-reducing conditions, IgG1, IgG4 and IgE from
CE patients reacted with the 57 kDa antigen of Ag5, but
IgG1 from some non-CE and healthy controls also reacted
with this protein. Western blotting performed under
reducing conditions showed that cross-reactivity of sera
from healthy controls and non-CE patients is related to
the 38 kDa subunit of Ag5, but IgE and 1gG4 do not
recognize this subunit and only bind to the 57 kDa antigen
of Ag5 (Figure 2).

SN

- + - + = 4+

|
_
i

|

Figure 2 Immunoblots of antigen 5 from Echinococcus granulosus
hydatid cyst fluid using anti-human IgG1 under reducing (+) or
non-reducing (-) conditions: IgG1 from CE patients (lanel),
healthy controls (lane 2) and non-CE patients (lane 3) reacted with
both 57 kDa and 38 kDa subunits of Ag5 under non-reducing or
reducing conditions (arrows).
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Figure 3 Immunoblots of antigen 5 from Echinococcus granulosus
hydatid cyst fluid using anti-human IgG4 under reducing (+) or
non-reducing (-) conditions: under non-reducing conditions 1gG4
from CE (lane 1), healthy controls (lane 2) and non-CE (lane 3)
reacted only with the 57 kDa antigen of Ag5 (arrow).

1 2
- + - + - +

Figure 4 Immunoblots of antigen 5 from Echinococcus granulosus
hydatid cyst fluid using anti-human IgE under reducing (+) or
non-reducing () conditions: under non-reducing conditions IgE
from CE (lane 1), healthy controls (lane 2) and non-CE (lane 3)
reacted only with the 57 kDa antigen of Ag5 (arrow).

DISCUSSION

Immunodiagnosis is an important tool for diagnosis of CE
infection. Thus, in addition to imaging techniques, a reliable
serodiagnosis improves prognosis for patients, because
medical treatment can then be specifically adapted to the
CE problem (16). The results of our study demonstrated that
specific antibodies of 1gG4 and IgE are the most important
antibodies for serological diagnosis of CE using Ag5. The

© 2006 The Authors

Journal compilation © 2006 Blackwell Publishing Ltd, Parasite Immunology, 28, 357-362



Volume 28, Number 8, August 2006

important role of these antibodies was also demonstrated by
Western blotting. Several studies have shown the antigenic
complexity of HCF, which contains several metabolic anti-
gens of E. granulosus, as well as common antigens of other
helminths. Furthermore, it also contains components of
host serum, which may also play a role in the occurrence
of non-specific reactions (17). Among the E. granulosus
antigens, Ag5 is identified as a Con A binding lipoprotein
with molecular weight of approximately 67 kDa, composed
of two subunits of 38 and 22 kDa. Different immunological
techniques have used purified Ag5 or whole HCF collected
from different intermediate hosts for serodiagnosis of
hydatid disease (18,19). However, antibodies against Ag5
were also detected in sera from patients infected with other
parasites. Part of this cross-reactivity has been shown to
be related to the presence of phosphorylcholine in the Ag5
(20). In SDS-PAGE analysis, Ag5 occurs as a major component
of the 67 kDa protein and a relatively minor component
of the 57 kDa antigen. Under reducing conditions, Ag5
consists of 38 and 22 kDa subunits. It is a glycoprotein
containing a substantial amount of complex N-linked
oligosaccharides without terminal N-acetyl-D-glucosamine
residues, and lacking high-mannose carbohydrates (20). The
amino acid sequence of the 38 kDa subunit shows great
similarity to that of serine proteases of the trypsin family,
specifically to the major neutral proteases of mast cells
(19,21). The presence of antibodies against the unreduced
57 kDa antigen or the reduced 38 kDa subunit is not
surprising, since the antigen contains the phosphorylcholine
epitope. Furthermore, using highly sensitive tests it has been
shown that antibodies against phosphorylcholine reacts
with other parasites and blood group P1 antigens (22). In
this study, it is shown that IgG1 from patients infected with
other parasites and from healthy controls is responsible
for cross-reactivity with the 38 kDa subunit of Ag5. 1gG4
and IgE could not recognize this subunit and under non-
reducing conditions reacted with the 57 kDa antigen
without any cross-reactivity to other parasites. It was also
demonstrated that reactivity of IgG4 and IgE with Ag5 is
independent of the carbohydrate motif (data not shown).

The alignment of the deduced amino acid sequence of
Ag5 with that of proteolytic internal fragments indicates
that the 22 kDa subunit is generated by processing of the
N-terminal region of the original polypeptide chain, whereas
the 36 kDa component corresponds to the conserved C-
terminal sequences. Thus, the cross-reactivity that occurs
between other parasites and Ag5 appears to be related to
the conserved C-terminal portion. Finally, because of the
complex biochemical nature of the Ag5 and its high immuno-
genicity, it is interesting to identify an epitope which
reacts with IgG4 and IgE as a good candidate for use in the
investigation of allergens.

© 2006 The Authors
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