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ABSTRACT. Human cystic echinococcosis (CE), caused by Echinococcus granulosus, is one of the most important
and widespread parasitic zoonoses. As one of the problems that can be encountered after treating CE patients is the risk
of postsurgical relapses or treatment failure, a long-term clinical and serological follow-up is required to evaluate the
success and failure of therapy. Therefore, the aim of the present study was to identify the best diagnostic and prognostic
ELISA markers in patients with CE. The cohort comprised 50 patients with symptomatic CE treated with antihelminthic
drugs and surgery, who were followed up clinically and radiologically for a mean of 6 years (range 48 years). The
results clearly indicate that the hydatid specific antibodies of IgE, IgG1 and IgG4 are the most important antibodies for
the serological diagnosis of cystic echinococcosis during the active stage of the disease. None of the serum samples from
healthy controls gave a non-specific reaction with IgE, IgG1 or IgG4, and a considerably reduced cross-reaction was
observed with these antibodies. During post-operative follow-up, the IgM, IgE, IgG1, IgG2 and IgG4 antibody response
provided the best correlate of disease activity. The detection of total IgG and IgG3 subclass antibody response for the
assessment of post-treatment disease activity among CE patients was insensitive. All patients responded to treatment
except 2 women (32 and 36 years old), in whom multiple cysts (12 and 7 cysts) were detected in the liver and lung two
years after the first operation. Hence, it can be concluded that the CE-specific antibodies of IgE, IgG1 and IgG4 are the
best immunological markers for diagnosis and prognosis of CE patients.
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Introduction albendazole therapy has significant efficacy in
approximately 70% of cases [3].

Cystic echinococcosis (CE) is caused by One of the problems that can be encountered
infection with the larval stage (hydatid) of the  afer treating cystic echinococcosis patients is the
cestode Echinococcus granulosus and is one of the risk of post-surgical relapses or treatment failure
world’s major zoonotic infections. Humans acquire due to non-radical surgical procedures or
infection by accidental ingestion of E. granulosus perisurgical spillage of parasite material, especially
eggs voided in the feces of infected dogs. CE in protoscoleces. Relapses in the form of newly
humans usually presents with symptoms associated developing cysts have been reported and may affect
with the presence of fluid-filled cysts in the liver, between 2% and 25% of cases after therapy,
lungs, or other viscera and diagnosis is usually according to previous studies [4]. Therefore,
established by a combination of radiology and  patients with cystic echinococcosis need to be

serology [1]. Treatment modalities for CE include
chemotherapy and surgery [2]. Although surgery
still remains the most common approach for
treatment of CE throughout the world, long-term

carefully monitored after surgery or drug treatment
to ensure that they remain free from relapse or
treatment failure.
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A post-treatment follow-up method to
prognostically determine the efficacy of treatment
should therefore include markers that allow the
detection of newly growing or relapsing cysts and
the tracking of previously undetected but still viable
cysts. Conventional tools used to follow-up cystic
echinococcosis patients include imaging techniques
such as X-ray, ultrasonography, computed
tomography, and magnetic resonance imaging [4].
In some cases, however, the prognostic efficiency of
imaging tools is significantly hampered when small
changes cannot be visualized or cannot be
interpreted with regard to a concise discrimination
between dead and still viable metacestodes [5].
Therefore, the availability of an immunodiagnostic
test to support this discrimination may be of clinical
value. The aim of the present study is to identify the
best diagnostic and prognostic markers in human
CE patients.

Materials and Methods

Patients/Subjects. Fifty patients (16 males and
34 females; mean+SD age was 31.1+11.2 years,
range 9—69 years) with clinically and radiologically
diagnosed hydatidosis were enrolled for the study
after obtaining due informed consent. A detailed
clinical history of all hydatid patients was recorded
on pretested proforma: clinical complications,
demographic details, results of radiologic
investigations, anatomical location of cysts,
anthelminthic treatment, and histopathology of
surgically resected specimens.

Twenty (20) normal, healthy adult individuals
with no past history of dog contact, travelling to
highly endemic areas or treatment for previous
parasitic infections were included as negative
controls and an additional group of 40 patients with
other parasitic diseases, amoebiasis (10),
toxoplasmosis (10), ascariasis (10) or a malignancy
(10), were included to check the cross reactivity of
antibodies of these patients with the hydatid antigen.
The malignancies included gastrointestinal (GI)
tract neoplasm (3 cases), lymphoma (2 cases) and
lung cancer (5 cases).

Blood samples were collected from all subjects
and centrifuged at 2000xg for 10 minutes at 4°C to
obtain the serum. The lipaemic or haemolysed sera
were discarded. The sera was divided in to 3 tubes
for each subject and stored immediately at -70°C
until specific antibody detection. All 50 patients
received antihelminthic treatment of albendazole,

400 mg twice a day for 3 months, plus praziquantel,
40 mg/kg/day for two weeks as per standard
guidelines [6] and underwent surgical procedures.

The most common surgical procedure performed
was cystectomy using a freezing cone to prevent
intra-operative spillage of cyst contents. Seven
patients were treated surgically by the puncture,
aspiration, injection, reaspiration (PAIR) procedure.
Even after surgery, all CE patients received 3— 6
month cycles of albendazole 10-12 mg/kg per day
according to the World Health Organization
protocol [6].

The effectiveness of pharmacological and
surgical treatment was evaluated by objective
criteria mainly based on imaging techniques and
antibody determination at six months, one year, two
years, three years and four years following
pharmacological and surgical treatment. The long-
term outcome of therapy was assessed by the
presence or the lack of relapse 4 years after the
pharmacological and surgical treatment. All
procedures were approved by the local Ethical
Committee and all subjects gave their informed
consent for the study.

Preparation of hydatid antigen. Hydatid cyst
fluid antigen (HCF) was prepared according to
procedure described earlier [7]. Briefly, the hydatid
cyst fluid (HCF) was aspirated from fertile hydatid
cysts obtained from livers of naturally infected
sheep slaughtered at the local abattoir. The aspirated
fluid was centrifuged at 2000xg for 20 min at 4°C to
remove the protoscolices. The supernatant was then
filtered through a Whatman WCN type membrane
filter (cellulose nitrate, 47 mm diameter, 0.45 pm
pore size) and dialyzed against distilled water
overnight at 4°C using dialysis tubing (Sigma
Aldrich, USA) with a 2000 molecular weight cut
off. The antigen protein concentration was
estimated by the Lowry method with bovine serum
albumin (BSA) as a reference standard [8].

Antibody detection. Antibody detection in
serum samples of hydatid patients was performed
by indirect enzyme linked immunosorbent assay
(ELISA) as described earlier with a few
modifications [7]. Briefly, microtitration plates were
coated with 2ug/100ul/well of crude hydatid sheep
antigen (optimum concentration of antigen
predetermined by the checker board titration
method) diluted in 0.1M carbonate/bicarbonate
buffer (pH 9.6). Patient sera was diluted 1:400 for
IgG, IgM, IgE and 1:200, 1:100, 1:50, 1:50 for
IgG1, IgG2, 1gG3 and IgG4 respectively. The
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Table 1. ELISA detection of antibodies in pre and post-treatment serum samples

Immunoglobulin Type Preopera.tlve positive Post—oper.?ltlve positive P-value
samples with percentage samples with percentage

IgG 46 (92%) 46 (92%) 1.000
IgM 35 (70%) 15 (30%) 0.001
IgE 43 (86%) 21 (42%) 0.021
IgGl1 41 (82%) 23 (46%) 0.019
IgG2 37 (74%) 17 (34%) 0.005
IgG3 26 (52%) 18 (36%) 0.646
IgG4 43 (86%) 14 (28%) <0.0001

different assays were then continued as follows:

Total IgG, IgM and IgE assays: Goat anti-human
IgG, IgM and IgE were conjugated to horseradish
peroxidase (Sigma Aldrich, USA), diluted 1:4000,
1:8000 and 1:4000 respectively were used as the
secondary antibody. Tetramethylbenzidine (TMB)
and H,O, were used to visualize the antigen-anti-
body reaction. Optical density (OD) was registered
at 450 nm after the addition of stop solution (2-:5N
H,SO4). 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.

IgG subclass assays: The assays for IgG
subclasses were performed as described previously
with some modifications [9]. For the detection of
specific IgG-subclass antibodies in serum
monoclonal mouse antihuman IgGl, IgG2, 1gG3
and IgG4 (Sigma Aldrich) were diluted 1:500,
1:2500, 1:1,000 and 1:2500 respectively in PBS.
Peroxidase conjugated goat anti-mouse Fc-specific
IgG was used as secondary antibody diluted
1:24000, 1:10,000, 1:4000 and 1:24000 for IgGl,
IgG2, IgG3 and IgG4 assays respectively. Substrate
solution was then added and the plate was
developed and read as described for the IgG, IgM
and IgE assays.

Statistical analysis. The criterion for true
positives was based on surgical and radiological
findings as no gold standard parameter was
available for the diagnosis of human hydatidosis.
The results were analyzed statistically by Pearson’s
chi-square test.

Results

The age of the patients in the present study
varied between 9 and 69 years. The mean +SD age
of the patients was 31.12+11.24 years. The highest
incidence of disease was recorded among patients
between 20 and 49 years of age. A greater
occurrence of hydatidosis was noted in females
(68% of all patients) than in males (32%). Most
patients with cystic echinococcosis (76%) were
from rural areas, with only 24% coming from urban
areas. Thirty four (34) of the radiologically and
surgically confirmed cases were found to have
hepatic cysts, while 16 had extrahepatic cysts (12-
lung cysts, 3-liver and lung and 1-thigh cyst). All 50
patients received antihelminthic treatment
(minimum treatment of albendazole, 400 mg twice a
day for 3 months, plus praziquantel, 40 mg/kg/day
for two weeks) and underwent surgical procedures.
The mean £SD duration of follow-up after diagnosis
was 6+2 years (range 4-8 years). Relapse occurred
in two patients.

Table 2. Mean +SD ELISA OD values of Echinococcus-specific antibodies at diagnosis and following cure

Mean ODs +SD
Time
IeG IeM IgE 1gG1 1gG2 1gG3 1gG4
Peak OD 0.687+0.275 [ 0.667+0.318 | 0.508+0.114 | 0.575+0.263 | 0.401+0.114 | 0.390+0.169 | 0.429+0.111
Cured OD | 0.288+0.099 | 0.169+0.090 | 0.201+0.057 | 0.200«0.098 | 0.183+0.095 | 0.204+0.123 | 0.165=0.111
P-value 0.005 <0.0001 0.004 0.004 0.003 0.0157 <0.0001
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Serology at diagnosis. Among the cases of
cystic echinococcosis studied, the number with
positive serology (>Cutoff) at diagnosis was 46
(IgG), 35(IgM), 43(IgE), 41(I1gGl), 37(I1gG2),
26(IgG3) and 43(IgG4). The highest percentage of
positivity was found by IgG with 92%, followed by
IgE/1gG4, 1gG1, 1gG2, IgM and IgG3 with 86%,
82%, 74%, 70% and 52% respectively (Table 1).
The diagnostic sensitivity of total IgG, IgE, IgG4
and IgG1 was comparatively greater than IgG2, [gM
and IgG3. The mean+SD optical densities (ODs) of
sera samples for total IgG, IgM, IgE, IgGl1, IgG2,
IgG3 and IgG4 were 0.687+0.275, 0.667+0.318,
0.508+0.114, 0.575+0.263, 0.401+0.114, 0.390+
0.169, 0.429+0.111 respectively. The mean ODs of
IgG, IgM, IgGl and IgE were greater than 1gG4,
IgG2 and IgG3 (Table 2).

Serology in patients with cured CE. Patients
with cured disease (n=48) were followed up for a
mean+SD of 4+1.8 years. There was a significant
decrease in the Echinococcus-specific antibody
response of IgM, IgE, IgGl, IgG2 and IgG4 in
patients with cured disease compared with those
demonstrating active disease, but all cured patients
were found positive to IgG total antibody (Table 1).
The mean + SD ODs of total IgG, IgM, IgE, 1gG1,
1gG2, 1gG3 and IgG4 assays were 0.288+0.099,
0.169+0.090, 0.201+0.057, 0.200+0.098, 0.183+
0.095, 0.204+0.123, 0.165+0.111, respectively. The
mean OD obtained with each of the seven ELISAs
decreased substantially between the peak values
during active disease and values when cured (Table
2). The greatest mean decrease in OD was observed
with the IgM, IgG4 assay. The majority of the
patients responded to treatment, but only 2 patients
whose hydatid cysts relapsed were found positive in
all the specific antibodies except IgG3, and their
ODs were also high.

Cross-reactivity, sensitivity and specificity.
The highest proportion of cross-reactivity in the sera
of patients with other parasitic infections and
malignancy was found in patients with ascariasis
infection (8) followed by amoebiasis (4),
malignancy (4) and toxoplasmosis (1). The
maximum percentage of cross-reactions were
observed with IgG (17.5%) followed by IgM (7.5%)
and IgE or IgG2 (5% each) respectively. The
percentage of non-specific reactions was reduced to
2.5% when specific IgGl, 1gG3 and IgG4
antibodies were analyzed. Non-specific reactions in
healthy controls were observed with IgG, IgM and
IgG2. For IgG, a total of 2 healthy controls showed
a non-specific reaction, whereas only one healthy
control serum showed non-specificity for IgM and
IgG2. No non-specific reaction was observed with
IgE, IgGl, IgG4 and IgG3 (Table 3).

Considering the surgically confirmed cases as
gold standard, the sensitivity for hydatid-specific
IgG, IgM, IgE, IgGl, IgG2, 1gG3 and IgG4
antibody detection was 92%, 70%, 86%, 82%, 74%,
52% and 86% respectively. Therefore IgG, IgE,
IgG4 and IgG1 showed higher diagnostic sensitivity
for human hydatidosis. The evaluation of the
specificity of IgG, IgM, IgE and IgG subclass
antibody revealed various degrees of false positivity
with sera from subjects with other parasitic
infections (Table 3). Specificity was highest in
IgG1, IgG3 and IgG4 (98.33%), followed by IgE
(96.66%), IgM (93.33%), 1gG2 (95%) and IgG
(85%). Due to the high specificity of IgE, IgGl,
IgG2, IgG3 and IgG4, the positive predictive value
(PPV) and negative predictive value (NPV) was
greater in these specific antibodies. The diagnostic
accuracy was also comparatively greater in IgE,
IgG1 and IgG4 (Table 4).

Table 3. Cross reactivity of other parasitic infections, malignancy and healthy controls against crude antigen

Patients with other parasitic Positive Sera

infections IeG IgM IgE IgG1 1gG2 1gG3 1gG4
Amoebiasis (n=10) 2 - 1 1 - - -
Ascariasis (n=10) 3 1 1 - 1 1 1
Toxoplasmosis (n=10) - 1 - - - - -
Malignancy (n=10) 2 1 - - 1 - -
Cross-reaction percentage 17.5% 7.5% 5% 2.5% 5% 2.5% 2.5%
Healthy controls (n=20) 2 1 - - 1 - -
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Table 4. Sensitivity and specificity of antibodies against crude hydatid antigen
Immunoglobulin Sensitivity Specificity l?os'itive Negative Diagnostic

Type predictive value | predictive value accuracy
IgG 92 85 83.63 92.72 88.18
IgM 70 93.33 89.74 78.87 82.72
IgE 86 96.66 95.55 89.23 91.81
IgGl1 82 98.33 97.61 86.76 90.90
1gG2 74 95 92.5 81.42 85.45
1gG3 52 98.33 96.29 71.08 77.27
IgG4 86 98.33 97.72 89.39 92.72

Data in the table is in percentages; sensitivity was calculated from the hydatid patient (n=50);
specificity was calculated from healthy controls and other parasitic control patients (n=60).

Discussion

This study was designed to identify the
immunological markers by ELISA for the diagnosis
and prognosis of human cystic echinococcosis in
surgically confirmed patients. ELISA has been
compared to various techniques for diagnosis and
post-therapeutic follow-up, using different antigens,
either crude hydatid cyst fluid, purified,
recombinant or synthetic peptide antigens [10].
However, ELISA has received most attention as an
immunodiagnostic method for various parasitic
infections.

The results of the pre-operative study clearly
demonstrate that the specific antibodies of total IgG,
IgE, IgG4 and IgGl are the most important
antibodies for serological diagnosis of cystic
echinococcosis using crude hydatid cyst fluid
antigen. Our results confirm those of other studies,
who also report a predominance of IgE, IgG1 and
IgG4 antibody response against cyst fluid antigen in
hydatid patients [11,12]. Human hydatid patients
demonstrate frequent occurrences of elevated
antibody levels, particularly of immunoglobulin G
(IgG), IgM, IgE, 1gG1 and IgG4 [13,14]. IgG1 and
particularly IgG4 are the most predominant isotypes
observed among IgG subclass responses in human
cystic echinococcosis [15,16]. The low IgG3
seropositivity observed in a significant proportion
of patients effectively excluded this antibody
subclass as useful serological marker for post-
treatment follow-up. The mean ODs were
comparatively low in IgG3, moderate in IgG4 and
IgG2 and greater in IgG, IgM, IgE, IgG1 assays.

These results are in agreement with previous
studies, which also report greater mean optical
densities in IgG total and IgG1, moderately elevated
in IgG2, IgE and IgG4 assays and lower in IgG3
assay [17,18].

The body of research regarding the measurement
of hydatid specific antibodies in the post-operative
follow-up samples is limited [9]. The longitudinal
assessment of changes in Echinococcus-specific
total IgG, IgM, IgE and IgG subclass (1-4) antibody
responses in patients with cystic echinococcosis
who received treatment for symptomatic disease
clearly demonstrates that the IgM, IgE, 1gG1, 1gG2
and IgG4 antibody responses provide the best
correlates of disease activity. A significant decrease
in IgM (p=0.001), IgE (p=0.012), IgG1 (p=0.019),
[gG2 (p=0.005) and IgG4 (p<0.0001) antibody
response was noted in patients after surgery. These
findings clearly demonstrate that IgM, IgE, IgGl,
IgG2 and IgG4 are the best prognostic markers for
this disease. The detection of anti-Echinococcus
specific total IgG antibody response for the
assessment of post-treatment disease activity among
hydatid patients was insensitive (P=1.000).

Our results confirm those of previous
investigations which note that total IgG antibody
persists in the human host for many years but IgE
and IgM decreases rapidly in serum of patients after
surgery or successful chemotherapy [14,19-21].
Zarzosa et al. [22], observed progressively
decreasing titres of specific I[gM and IgE antibodies
after surgery in patients who do not demonstrate a
relapse, and concluded that specific IgM and IgE
antibodies are important for hydatidosis follow-up.
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In patients with degenerating and calcifying cysts,
IgG4 antibody response declines [23]. Furthermore,
patients treated with albendazole who also exhibited
a good therapeutic and clinical response to
treatment had significantly lower levels of serum
IgG4 antibodies than poor responders or non-
responders [24]. Guerri et al. [25], and Elsebaie et
al. [26], independently detected that the number of
IgG4 antibodies at the time of diagnosis decreased
gradually after surgery in a significant number of
patients and reached normal values after 18 months
post-operation, They conclude that the IgG4
subclass is a good prognostic marker in hydatidosis
follow-up.

The mean optical densities especially in IgM,
IgE, IgGl, IgG2 and IgG4 were significantly
decreased in the patients with cured disease. Our
results are well supported by earlier reports [9,20].
Michael et al. [27] report a decline in mean optical
densities over a period of time in many patients who
were cured by surgery. However, they observe that
titers remain positive for over four years in a
number of patients. Wang et al. [28], observe that
specific IgG antibody levels remained positive in
most cases of cystic echinococcosis, but exhibited a
decreasing tendency in those which were effectively
treated by surgery.

In the present study, high false positivity with the
serum samples collected from patients of ascariasis
(80%), amoebiasis and malignancy (40% each) was
observed. Such false positive reactions were
observed to the greatest degree with IgG total
(17.5%) and reduced with other antibodies. The
probable cause of such high false positives could be
the use of crude antigen in the study. Our results
confirm the observations of previous studies, which
also record the highest number of cross-reactions in
IgG and reduced values in IgGl1, 1gG2, IgG3 and
IgG4 [17,18]. An earlier study reported frequent
cross-reactions in the sera of patients with ascariasis,
cysticercosis, amoebiasis and malignancy [29]. The
false positive reactions in hydatid cyst fluid antigen
of E. granulosus with human antibodies of other
cestodes and helminths have also been reported in a
previous investigation [30].

In conclusion, based on the use of ELISAs
incorporating crude E. granulosus sheep hydatid
cyst fluid antigen, CE-specific IgE, IgG1, and 1gG4
were found to be the most specific antibodies for
this parasite. Furthermore, during the post-treatment
follow-up, CE specific IgM, IgE, 1gG1, IgG2 and
IgG4 antibodies correlate better with disease

activity than total IgG and IgG3 subclass. However,
the IgE, IgG1 and IgG4 antibody response was the
best correlate of disease activity during post-
treatment follow-up.
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