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SUMMARY

 

Several recombinant clones expressing antigens from 

 

Echinococcus granulosus

 

 were isolated previously
from a parasite cDNA library using cystic hydatid disease (CHD) patients’ sera or rabbit hyperimmune
antiserum against a lipoproteic fraction from bovine cyst fluid. Six of these antigens were expressed in

 

Escherichia coli and

 

 the purified recombinant proteins were tested in enzyme-linked immunosorbent
assay (ELISA) for specific IgG with a panel of sera from patients with surgically confirmed (

 

n

 

 

 

=

 

 58) or
immunologically diagnosed (

 

n

 

 

 

=

 

 71) CHD. Sera from clinically normal individuals (

 

n

 

 

 

=

 

 203) and sera
from individuals with other helminthic infections (

 

n

 

 

 

=

 

 65) were assayed for the assessment of specificity.
A cut-off value was determined by receiver-operating-characteristic plots for each antigen. A recom-
binant antigen B subunit (AgB8/2) presented the highest sensitivity (93·1%), considering the group of
sera from patients with CHD surgically confirmed, and specificity (99·5%) and is proposed as the basis
for an immunodiagnostic test. The other recombinant antigens tested presented sensitivities between
58·6% and 89·7%, and three of them were considered of complementary value. In subclass-specific
ELISA, different IgG isotypes showed dominance in the response for each of the recombinant antigens.
There was a clear predominance of IgG4 response for all antigens tested, indicating that this would be
the subclass of choice to be assessed for these recombinant proteins.
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INTRODUCTION

 

Cystic hydatid disease (CHD) is a zoonosis caused by the infec-
tion with the metacestode stage of 

 

Echinococus granulosus

 

(Cestoda, Taeniidae). In humans, the metacestodes develop as
large cysts, especially in the liver and lungs, causing unspecific
symptoms that depend on the size and localization of the lesions
[1–3]. Most human CHD cases are initially discovered by clinical
examinations using different imaging techniques, such as radiol-
ogy or ultrasonography [4]. However, this preliminary diagnosis
must be complemented by more specific tests, such as immuno-
logical assays based on the detection of antiparasite circulating

antibodies in patients’ sera [5]. The serological diagnosis in a rou-
tine laboratory depends mainly on the detection of immunoglob-
ulin class G (IgG) antibodies directed against different antigens
of 

 

E. granulosus

 

. Nevertheless, several reports demonstrate the
value of analysing specific IgG subclass antibodies for a sensitive
and specific serological diagnosis of CHD or to follow-up studies
after surgery or after initiation of chemotherapy [5–7]. The immu-
nodiagnosis of CHD might be improved by the detection of
subclass-specific antibodies against distinct antigens of 

 

E. granu-
losus

 

 [8], and the problem of cross-reaction with sera from
patients with other parasitic diseases appears to be reduced sig-
nificantly with the use of IgG subclass detection [9,10].

Classically, tests such as immunoelectrophoresis, double dif-
fusion in agar or indirect haemagglutination were used as refer-
ences for human CHD diagnosis [8,11]. Nowadays, these tests are
being replaced by more sensitive assays, such as enzyme-linked
immunosorbent assay (ELISA), immunoblot and immuno-
fluorescence. Due to its high sensitivity, ELISA is strongly
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recommended to be used for the detection of specific antibodies
in human CHD cases [12–14].

The efficiency (sensitivity and specificity) of any immunodi-
agnostic test for human CHD depends on the characteristics of
the panel of sera used (e.g. from patients with or without surgical
confirmation of infection) and the quality of the parasite antigens
utilized in the assay. Crude or partially purified antigen prepara-
tions are useful, but often present problems associated with low
concentration of specific antigens and the presence of cross-
reactive ones [13,15]. As an alternative, 

 

E. granulosus

 

 antigen-
encoding genes can be cloned and expressed in heterologous
systems, in order to obtain recombinant antigens that can be
produced and purified easily, and may be less prone to cross-
reactivity [10,16,17].

Our laboratory, individually or in association with other
research groups, has cloned several 

 

E. granulosus

 

 genes, among
which are those coding for two different AgB subunits [18,19], a
malate dehydrogenase [20,21], an actin filament fragmenting pro-
tein [22] and a calcium binding protein [23]. These proteins were
expressed in 

 

Escherichia coli

 

 and the recombinant antigens
produced showed, in preliminary tests, potential for use in the
immunodiagnosis of human CHD [19,21]. Here, we present an
extensive serological survey, testing each of these recombinant
antigens in total IgG ELISA with a panel of 129 sera from CHD
patients, 58 of them with surgical confirmation of the infection.
We have also performed specificity assays with 203 sera from clin-
ically normal individuals, and with 18 sera from toxocariasis and
47 sera from cysticercosis patients, potentially cross-reactive
infections prevalent in CHD endemic areas. Finally, we have
assessed the specific IgG subclass response to the recombinant
antigens in sera from CHD patients. Our results confirmed that
the use of these sets of antigens might compose a dependable
ELISA or related assay (e.g. immunodot) to complement the clin-
ical diagnosis of human CHD.

 

MATERIALS AND METHODS

 

Patients and control sera

 

Serum samples were obtained from 58 CHD patients confirmed
by surgery (group I) recruited in Uruguay by the Cátedra de
Inmunología (Universidad de la Republica, Montevideo,
Uruguay). All blood samples were drawn before the surgical
intervention. All patients had liver disease but four of them
also exhibited lung, spleen or peritoneum localization of cysts.
Forty-nine patients presented primary CHD and nine showed
relapsed CHD. Most of the cysts were hialin and only three
patients had partially calcificed cysts. A second panel of sera
included 71 samples obtained in Rio Grande do Sul State
(Southern Brazil) from CHD patients diagnosed clinically (by
radiology or ultrasonography) and immunologically (by immu-
noelectrophoresis for the detection of arc 5 or by ELISA and/
or immunoblot using crude antigen preparations from hydatid
cyst fluid) (group II). Eighteen sera from toxocariasis (

 

Toxo-
cara

 

 spp.) patients and 47 sera from cysticercosis (

 

Taenia
solium

 

) patients, either from São Paulo State (South-eastern
Brazil) or from Rio Grande do Sul, were tested. Sera from
additional 203 healthy individuals were also included in this
study as negative controls; the donors had no recent history of
any parasitic disease and were from Rio Grande do Sul and
Uruguay urban areas (not endemic for CHD). All procedures
had the approval of the Ethical Committees of the institutions

involved and all donors authorized the use of their sera for
research purposes.

 

Native antigens

 

Hydatid cyst fluid antigen (HCFA) was obtained by aspiration
from fertile bovine cysts. Each extract was prepared according to
the protocol described by Maddison 

 

et al

 

. [24]. The AgB, kindly
provided by G. González (Cátedra de Inmunología, Montevideo,
Uruguay), was purified as described previously [25].

 

Recombinant antigens

 

Six recombinant antigens were used in this study: a cytosolic
malate dehydrogenase isoform (EgcMDH) [20,21], two 8 kDa
subunits of antigen B (AgB8/1) [19] and (AgB8/2) [18], an EF-
hand calcium-binding protein (EgCaBP2) [23], a full-length
(EgAFFPf) and a truncated form (EgAFFPt, aa 261–370) of an
actin filament fragmenting protein [22]. Each antigen encoding
cDNA was cloned previously and expressed in 

 

Escherichia coli

 

BL21 (Amersham, Uppsala, Sweden) and/or BL21 Codon Plus
Ril (Stratagene, La Jolla, CA, USA) strains using plasmid vectors
of the pGEX series (Amersham). The recombinant antigens,
expressed as fusion proteins with glutathione S-transferase
(GST), were purified by affinity chromatography according to
Smith and Johnson [26]. The fusion protein antigen moieties were
recovered by thrombin cleavage (10 U/mg of bound fusion pro-
tein) for 14 h at room temperature. Yields of 2–18 mg of recom-
binant antigen per litre of culture were obtained depending on the
clone. The concentrations of the recovered proteins were deter-
mined by spectrophotometry [27].

 

ELISA
Total IgG.

 

The assays were performed as described by Rott

 

et al.

 

 [19], with some modifications. Briefly, microtitration plates
(Maxisorp, Nunc, Roskilde, Denmark) were coated with 0·4 

 

m

 

g/
well of each recombinant antigen, 0·25 

 

m

 

g/well of AgB or 2 

 

m

 

g/
well of crude HCFA diluted in 0·1 

 

M

 

 carbonate/bicarbonate buffer
(pH 9·6). The sera samples were diluted 1 : 100 in blotto [phos-
phate buffered saline (PBS) containing 5% milk powder] and
tested in duplicate. Positive and negative sera and conjugate con-
trols were included in each plate. Goat antihuman IgG conjugated
to horseradish peroxidase (Sigma, St. Louis, USA), diluted
1 : 1000, was used as a second antibody. OPD (0·4 mg/ml o-
phenilendiamine dihydrochloride in 0·1 

 

M

 

 phosphate/citrate
buffer, pH 

 

=

 

 5) and H

 

2

 

O

 

2

 

 were used to visualize the antigen–
antibody reaction. Optical density (O.D.) was registered at
492 nm (A

 

492

 

) after the addition of stop solution (H

 

2

 

SO

 

4

 

 1 N). The
considered value of A

 

492

 

 represents the mean of two readings for
each serum with less than 10% of variation between them. For the
interpretation of seropositivity, threshold values (cut-off) were
calculated for each antigen based on receiver-operating-
characteristic (ROC) curves [28], as described below.

 

IgG subclasses.

 

The assays were performed as described by
Hernández 

 

et al.

 

 [29], with modifications. Briefly, microtitration
plates (Maxisorp, Nunc) were coated with 0·4 

 

m

 

g/well of each
recombinant antigen diluted in 0·1 

 

M

 

 carbonate/bicarbonate
buffer (pH 9·6). The sera samples were diluted 1 : 100 in PBS-T-
BSA (PBS with 0,05% Tween and 1% bovine serum albumin) and
tested in duplicate. Positive, negative and no serum controls were
included in each plate. Goat antihuman IgG1, IgG2, IgG3 and/or
IgG4 with biotin (Sigma) were diluted 1 : 1600, 1 : 5000, 1 : 4000
and 1 : 20000, respectively, in PBS-T-BSA and incubated at 37

 

∞

 

C
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for 90 min. Extravidin-peroxidase (Sigma), diluted 1 : 4000, was
utilized for binding with the biotin conjugate by incubating it for
40 min at 37

 

∞

 

C. OPD was used to visualize the antigen-antibody
reaction, as described for total IgG. The cut-off values were cal-
culated as described below.

 

Statistical analysis

 

A ROC analysis [28] was performed to determine a cut-off value
for each recombinant antigen. Levels of sensitivity were plotted
against the levels of one minus specificity at each cut-off point on
a ROC curve. Threshold values used were those that gave the
highest sum of sensitivity (%) and specificity (%), as described by
Amagai 

 

et al

 

. [30]. The area under the ROC curve (AUC) was the
parameter used to define the antigens’ discriminatory values
(between subjects with and without the disease). Student’s 

 

t

 

-test
for paired observations with statistical significance level of

 

P

 

 

 

=

 

 0·05 was used to test differences between AUCs [31]. All sta-
tistical calculations were performed using the Statistical Program
for Social Science (SPSS) [32].

 

RESULTS

 

ELISA for total IgG

 

The AgB, the HCFA and the six recombinant antigens from 

 

E.
granulosus

 

 (AgB8/2, AgB8/1, EgcMDH, EgCaBP2, EgAFFPt
and EgAFFPf) were tested in an anti-IgG ELISA with sera from
CHD patients and from clinically normal sera. ROC analyses
were performed to determine the cut-off values that differentiate
positive and negative reactions most effectively. Figure 1 shows
the ROC curves obtained for the recombinant antigens with the
group I sera (confirmed by surgery). The highest AUC value was
that for AgB8/2 (0·964), although it was not significantly different

(

 

Z

 

 

 

=

 

 0·44, 

 

P

 

 

 

=

 

 0·05) from that for EgcMDH (0·953). Nevertheless,
AgB8/2 AUC was significantly higher than any of the AUCs cal-
culated for the other recombinant and native antigens tested (

 

Z

 

-
values between 1·97, 

 

P

 

 

 

=

 

 0·05 and 4·41, 

 

P 

 

=

 

 0·001). As shown in
Fig. 2, AgB8/2 discriminatory value was also significantly better
than those of HCFA (AUC 

 

=

 

 0·831) and AgB (AUC 

 

=

 

 0·735)
(

 

Z

 

 

 

=

 

 3·02, 

 

P

 

 

 

=

 

 0·01 and 

 

Z

 

 

 

=

 

 4·77, 

 

P

 

 

 

=

 

 0·001, respectively). The
other AgB recombinant subunit, AgB8/1, presented an AUC of
0·897, followed by recombinants EgCaBP2 (0·879), EgAFFPf
(0·824) and EgAFFPt (0·757). The sensitivity and specificity data
and relevant parameters derived from ROC analysis for each
antigen are summarized in Table 1. Among the 58 positive sera,
only one showed no reaction with any of the recombinant
antigens.

A considerable reduction in AUC value was observed for
some antigens in the tests performed with group II sera (patients
diagnosed clinically and/or immunologically) (Table 2, compare
to data in Table 1). For instance, AgB8/2, AgB8/1, EgcMDH and
EgAFFPf had their AUC values significantly reduced from 0·964
to 0·850 (

 

Z

 

 

 

=

 

 2·07, 

 

P

 

 

 

=

 

 0·05), from 0·897 to 0·705 (

 

Z

 

 

 

=

 

 2·70,

 

P

 

 

 

=

 

 0·01), from 0·953 to 0·749 (

 

Z

 

 

 

=

 

 3·92, 

 

P

 

 

 

=

 

 0·001) and from 0·824
to 0·492 (

 

Z

 

 

 

=

 

 4·95, 

 

P

 

 

 

=

 

 0·001), respectively. The AUC value reduc-
tions observed for HCFA (from 0·831 to 0·733), AgB (from 0·735
to 0·689), EgCaBP2 (from 0879 to 0·775) and EgAFFPt (from
0·757 to 0·714) were not statistically significant for 

 

P

 

 

 

=

 

 0·05
(

 

Z

 

 

 

=

 

 1·34, 

 

Z

 

 

 

=

 

 0·58, 

 

Z

 

 

 

=

 

 1·65 and 

 

Z

 

 

 

=

 

 0·60, respectively).
Specificity values were also calculated considering sera from

cysticercosis and toxocariasis patients. Table 3 summarizes the
results obtained for each recombinant or native antigen using the
cut-offs calculated for group I and healthy subjects’ sera
(Table 1). EgAFFPf presented no cross-reactions (100% specific-
ity), while the other recombinant antigens presented a limited

 

Fig. 1.

 

ROC curves used to determine cut-off and AUC values for the six
recombinant antigens tested in total IgG ELISA against sera from group
I and from healthy individuals. The calculated cut-offs and AUCs are
presented in Table 1. Source of the curve: Black lines: 

 

—

 

, reference line;
– –

 

 

 

–, AgB8/2; · · ·, AgB8/1; · · – – · ·, EgcMDH; Grey lines: –– –, EgCaBP2;
·· ·, EgAFFPf; · · – – · ·, EgAFFPt.
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Fig. 2.

 

ROC curves used to determine cut-off and AUC values for HCFA
and AgB tested in total IgG ELISA against sera from group I and from
healthy individuals. The AgB8/2 ROC curve was included for comparison.
The calculated cut-offs and AUCs are presented in Table 1. Source of the
curve: 

 

—

 

, reference line; 

 

– – –

 

, AgB8/2; - - -, HFCA; –· 

 

-

 

 · –, AgB.
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number of positive reactions with sera from cysticercosis or toxo-
cariasis (specificities between 84·6% and 97·0%). Native antigen
preparations showed lower specificities than those showed by any
of the recombinant antigens (78·4% for HCFA and 81·5% for
AgB).

 

ELISA for IgG subclasses

 

The recombinant antigens were alternatively tested in ELISA
for specific IgG subclasses (Table 4) with group I sera. The
observed sensitivity values for the CHD patients’ sera varied

between 40·3% (IgG1 for AgB8/2) and 98·3% (IgG1 for
EgcMDH). IgG1, IgG3 or IgG4 were the predominant IgG iso-
types in the responses detected for each different recombinant
antigen. Specificities ranging from 41·7 (IgG2 for EgAFFPt) to
95·8% (IgG1 for EgCaBP2, EgAFFPt and EgAFFPf), as deter-
mined in tests with healthy individuals sera samples (

 

n

 

 

 

=

 

 24),
were obtained. The only serum that showed no reaction in the
total IgG assay was positive in different subclasses assays (IgG1,
IgG3, or IgG4) for all recombinant antigens, except for AgB8/2
(data not shown).

 

Table 1.

 

Summary of parameters derived from ROC analysis of recombinant and native antigens tested in ELISA against sera from group I and from 
healthy individuals

Recombinant  antigen (AUC) 

 

± 

 

s.e. CI (95%) Cut-off Sensitivity (%) Specificity (%)

AgB8/2 0·964 

 

± 

 

0·021 0·923–1·000 0·283 93·1 99·5
AgB8/1 0·897 ± 0·033 0·833–0·961 0·248 84·5 91·2
EgcMDH 0·953 ± 0·019 0·916–0·990 0·155 89·7 95·1
EgCaBP2 0·879 ± 0·039 0·802–0·955 0·108 84·5 96·6
EgAFFPt 0·757 ± 0·047 0·666–0·849 0·133 58·6 95·6
EgAFFPf 0·824 ± 0·038 0·750–0·898 0·215 69·0 89·7
AgB 0·735 ± 0·050 0·637–0·833 0·237 60·3 92·6
HCFA 0·831 ± 0·044 0·745–0·918 0·256 77·6 96·6

AUC = area under the curve; s.e. = standard error; CI = confidence interval.

Table 2. Summary of parameters derived from ROC analysis of recombinant and native antigens tested in ELISA against sera from group II and from 
healthy individuals

Recombinant  antigen (AUC) ± s.e. CI (95%) Cut-off Sensitivity (%) Specificity (%)

AgB8/2 0·850 ± 0·051 0·750–0·950 0·099 73·2 80·0
AgB8/1 0·705 ± 0·063 0·581–0·828 0·115 73·2 61·1
EgcMDH 0·749 ± 0·049 0·654–0·844 0·095 53·5 86·5
EgCaBP2 0·775 ± 0·049 0·679–0·871 0·108 74·6 78·4
EgAFFPt 0·714 ± 0·053 0·611–0·818 0·102 56·3 78·4
EgAFFPf 0·492 ± 0·055 0·385–0·600 0·086 44·4 73·0
AgB 0·689 ± 0·062 0·567–0·810 0·255 59·2 75·9
HCFA 0·733 ± 0·058 0·619–0·847 0·121 83·1 64·9

AUC = area under the curve; s.e. = standard error; CI = confidence interval.

Table 3. Summary of the results of specificity with sera from cysticercosis and toxocariasis patients obtained in total IgG ELISA against the recombinant 
antigens

Group (no. of
sera tested)

No. of positive reactions 

AgB8/2 AgB8/1 EgcMDH EgCaBP2 EgAFFPt EgAFFPf AgB HCFA

Cysticercosis (47) 3 2 5 8 1 0 8 11
Toxocariasis (18) 1 0 0 2 1 0 4 3
Total (65) 4 2 5 10 2 0 12 14
Specificity (%) 94·0 97·0 92·3 84·6 97·0 100·0 81·5 78·4

Specificity was calculated by rate between the absolute number of positive sera among the 65 sera from bearers of the helminthic infections.
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DISCUSSION

The cloning and expression of E. granulosus antigen-encoding
genes in E. coli is an important alternative for the production of
antigens for the immunodiagnosis of human CHD. In this work
we assessed the immunodiagnostic potential in ELISA of six
recombinant antigens of E. granulosus for the detection of circu-
lating specific antibodies in CHD cases. These antigens were con-
sidered previously to be of diagnostic value with reasonable
sensitivities (between 25% and 83%) and with a low degree of
cross-reaction when analysed individually against a limited sam-
pling of homologous and heterologous sera [19,21,23].

The definitive confirmation of an E. granulosus infection in a
human host can be given only by the direct examination of a sur-
gically removed hydatid cyst [33]. Therefore, the effective evalu-
ation of antigen specificity depends on the availability of a good
set of sera from patients with surgical confirmation of CHD. The
reduction in discriminatory value (expressed by AUC) for all
recombinant antigens when considering sera from group II indi-
cates that some of the sera samples may correspond to false pos-
itive cases, the major problem associated with the use of sera from
patients without surgical confirmation of CHD. However, we can-
not exclude formally the possibility that at least some of the group
II sera correspond to patients that do not respond to any of the
tested antigens, a situation already described for CHD cases [34].

The recombinant AgB8/2 presented the best discriminatory
value in total IgG ELISA in comparison to the other recombi-
nants and the native antigens tested. As expected, HCFA an AgB
showed relatively poor specificities, due to their content of
epitopes shared with other helminth parasites, evidenced in pre-
vious studies [13,15,16,19]. The lower diagnostic sensitivity of
AgB in relation to both AgB recombinant subunits (AgB8/1 and
AgB8/2) is due probably to the presence of other subunits,
already identified by González et al. [25] and Chemale et al. [35],
that may be less sensitive.

The AgB small subunit (8 kDa) was described previously as
specific for the genus Echinococcus [24], but some cross-reactions
were demonstrated later by other authors [19,36]. However, the
AgB8/2 is more specific and was proposed as E. granulosus spe-
cies-specific, because it discriminates sera from patients infected
with other Echinococcus species [19]. Extending these previous
results, we have now demonstrated an AgB8/2 high specificity in
relation to both normal sera and sera from patients with cysticer-
cosis and toxocariasis. EgAFFPf showed a higher specificity
in tests with these potentially cross-reactive sera, but it was

associated with a significantly lower sensitivity. Cross-reaction
with T. solium is a major problem in CHD immunodiagnosis
[9,37,38] and this disease is also prevalent in E. granulosus
endemic areas, such as the Andean region and the South Cone of
South America [39–45]. In the same regions, toxocariasis (Toxo-
cara spp.) is also a frequent source of cross-reactions in immuno-
logical assays, as it is one of the most common urban
helminthiases [46–50], although it is often overlooked in serolog-
ical surveys.

AgB8/1, EgcMDH, and EgCaBP2 are considerably less sen-
sitive than AgB8/2. However, their inclusion in an immunodiag-
nostic test could improve the sensitivity of the assay because, of
the four positive sera that do not recognize AgB8/2, three were
positive for at least one of these antigens. Furthermore, any of the
recombinant antigens has the potential to increase the level of
confidence of the test, as 89% of the group I sera that recognize
AgB8/2 also recognize at least another antigen.

Among the 58 sera of the group I utilized in this study, only
one showed no reaction in ELISA for total IgG antibodies with
any of the antigens, recombinant or native. However, this serum
was positive in tests for specific IgG subclasses with different
recombinant antigens. It has been described that the immunodi-
agnosis of CHD might be improved by the use of distinct immu-
noglobulin classes, and the problem of cross-reaction with sera
from patients with other parasitic diseases appears to be reduced
with the use of IgG subclass detection [8–10]. The use of IgG sub-
classes (specially IgG4) improved sensitivity for all recombinant
antigens tested, except for AgB8/2. Therefore, for this set of
recombinant proteins, IgG4 would be the subclass of choice to be
assessed in an immunodiagnostic test of complementary value in
relation to a total IgG assay, because it has the potential to detect
a few sera from CHD patients that give negative results in total
IgG ELISA.

Different patterns of antibody response involving specific IgG
subclasses have been reported in parasitic infections [51,52], IgG1
and particularly IgG4 being the most dominant antibody G iso-
types, despite the fact that IgG4 represents only 3–4% of the IgG
total in normal serum [9,53]. Distinct IgG subclasses seem to be
more important for the response to E. granulosus infections. Gen-
eral rises in the title of all subclasses, especially in IgG3 have been
described [6,54], but specific responses to E. granulosus antigens
are more often associated with IgG1 and IgG4 [5,9,10,55].

Sambesh et al. [56] have noted a difference in the IgG subclass
response between asymptomatic CHD patients and more
advanced cases who had undergone surgery. Asymptomatics

Table 4. Sensitivity (SE) and specificity (SP) derived from ROC analysis of recombinant antigens tested in IgG class-specific ELISA against sera from 
group I and from healthy individuals

Recombinant antigen

IgG1 IgG2 IgG3 IgG4 

SE (%) SP (%) SE (%) SP (%) SE (%) SP (%) SE (%) SP (%)

AgB8/2 40·3 79·2 66·2 79·2 77·5 87·5 69·0 87·5
AgB8/1 79·0 79·2 76·1 87·5 86·0 91·7 91·4 91·7
EgcMDH 98·3 50·0 95·0 54·2 41·7 91·7 91·7 92·0
EgCaBP2 45·0 95·8 63·3 87·5 68·3 75·0 93·3 91·7
EgAFFPt 66·7 95·8 66·7 41·7 57·7 62·5 89·9 75·0
EgAFFPf 65·0 95·8 75·0 54·2 75·0 79·2 87·1 83·3
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preferentially induced IgG1 and surgical cases IgG4, suggesting a
class switch with the disease progress. In agreement with that, our
sera from group I patients, obtained moments before surgery,
showed a considerable IgG4 response, being the predominant
class for four of the antigens (AgB8/1, EgAFFPt, EgAFFPf and
EgCaBP2).

Our results indicate that the recombinant AgB8/2 present a
very good performance in total IgG ELISA for the detection of
antibodies in sera from CHD patients. It is a potential replace-
ment for native AgB that might be considered for the develop-
ment of a single antigen-based test for CHD diagnosis. The other
recombinant antigens tested are of complementary and confirma-
tory value in assays for total IgG. This type of recombinant
antigen-based assay may be useful for confirmation of clinical
diagnosis or for epidemiological surveys. Specific IgG4 ELISA
may represent a complementary assay, useful as secondary con-
firmatory tests for patients with suspect of CHD negative for the
total IgG ELISA.
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