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Abstract. The diagnosis of hepatic cystic echinococcosis is based on ultrasonography and confirmed by serology.
However, no biological marker of cyst viability is currently available implying years-long patient follow-up, which is not
always feasible in endemic areas. We characterized the performance of an immunoblotting test based on human hydatid
cyst fluid with particular regard to its ability to distinguish between cyst stages. Sera from patients with cysts in different
stages showed distinctive band pattern recognition. Most importantly, the test discriminated in 80% of cases CE3a from
CE3b transitional cysts, known to have different viability profiles. Interestingly, we observed a rapid change in band
pattern recognition of sera from one patient at time points when his cyst passed from active to transitional to inactive
stages. Further identification of different antigens expressed by different cyst stages will support the development
of diagnostic tools that could early define cyst viability, to guide clinical decision making, and shorten patient follow-up.

INTRODUCTION

Cystic echinococcosis (CE) is a zoonosis caused by infection
with the larval stage of Echinococcus granulosus, a dog tape-
worm of high medical and veterinary relevance.1 Humans and
livestock become infected after ingestion of food contami-
nated by parasite eggs shed with dog feces. After ingestion,
eggs release embryos (oncospheres) that penetrate the gut
wall, and by hematogenous spread reach liver, lungs, and other
sites where the larval development starts in the form of fluid-
filled cysts (hydatid cysts).2

Although the natural history of cyst development is not
completely known, they appear to pass through different
stages, from active to inactive forms, as classified by the
World Health Organization (WHO; Figure 1),3 and supported
by functional studies4; this is of clinical relevance for clinical
management and prognosis of infected patients.5

The diagnosis of CE is currently based on imaging tech-
niques, with ultrasound (US) as the main modality for
hepatic CE.6 Diagnostic confirmation is then achieved using a
combination of immunodiagnostic tests such as indirect hem-
agglutination (IHA), indirect immunofluorescence (IFAT),
enzyme-linked immunosorbent assay (ELISA), and immuno-
blotting (IB).7 However, serological tests have a number of
drawbacks, such as 1) lack of standardization of antigenic
preparations, and technique; 2) performance dependent on
the type of antigen used (native or recombinant, cyst fluid or
crude parasite homogenates); 3) low sensitivity (up to 25%
false negatives) caused by several factors including location,
stage, and size of the cyst; and 4) cross-reactivity with other
helminths, mainly Echinococcus multilocularis and Taenia

solium.7,8 In addition, no serological marker is currently avail-
able that can predict the evolution of a cyst, therefore years-
long follow-up is required to ascertain a cure after treatment.
Standardization of techniques, antigenic preparations, char-

acterization of new antigens, and development of recom-
binant antigen-based assays are required to improve the
performance of CE immunodiagnosis and to specifically

address these issues.8 Here, we present preliminary results
of the diagnostic performance of an IB test based on human
hydatid cyst fluid (h-HCF) with the aim to assess 1) the use-
fulness of an IB using HCF from human cysts as an antigen;
and 2) its sensitivity, specificity, and, most importantly, its
ability to distinguish between cyst stages.

MATERIALS AND METHODS

Sera from CE patients. Fifty serum samples from 50 CE
patients with a single hepatic cyst were included in the study.
All patients were diagnosed by US. Cysts were classified
according to the WHO standardized classification,3 and diag-
nosis was confirmed by serology using routine ELISA
(RIDASCREEN Echinococcus IgG, R-Biopharm, Darmstadt,
Germany; cutoff OD 1.1), and IHA (Cellognost Echinococco-
sis IHA, Siemens Healthcare Diagnostics, Marburg, Germany;
cutoff titer 1:64) tests in our diagnostic parasitology labora-
tory. Sera were collected in our clinic, and stored at −20°C
until use. Samples were divided into three groups. Group 1:
10 sera from patients with an active cyst (CE1 and CE2);
group 2: 20 sera from patients with a transitional cyst (CE3a
and CE3b); group 3: 20 sera from patients with an inactive
cyst (CE4 and CE5), which were all serologically negative
in routine tests except for one.
In a preliminary attempt to assess whether h-HCF-IB could

detect changes in cyst viability, we evaluated its performance
on serial serum samples obtained from one patient when the
cyst stage changed from active (CE1) to transitional (CE3a)
to inactive (CE4) in a short period of time (24 months), as
the result of albendazole treatment.
Control sera. Sera from 20 healthy volunteers and from

15 patients with other helminthic infections (Strongyloides,
Entamoeba, Toxocara, Trichinella, Schistosoma, Cysticercus,
Fasciola) were included as a control group.
Parasitic material. Echinococcal cyst fluid was collected

from a patient who underwent percutaneous aspiration of
a liver CE cyst for therapeutic purposes in our clinic. The
patient had never received treatment with albendazole before
aspiration. The cyst was classified as type CE1 according to
the standardized WHO classification, and identified as fertile
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(presence of protoscoleces) upon light microscopy examina-
tion. The fluid was clarified by centrifugation at 5000 + g for
15 min at 4°C, and stored at −20°C until used.
The patient gave his written informed consent for both the

percutaneous aspiration, and the use of the fluid for research
purposes, and the use of this biological sample was approved
by the Ethical Committee of San Matteo Hospital Founda-
tion, Pavia, Italy.
Immunoblotting. Parasite antigens were separated electro-

phoretically in 12% sodium dodecyl sulfate (SDS) polyacryl-
amide gels under reducing conditions, along with a molecular
weight ladder (Prestained SDS PAGE standards broad range,
Bio-Rad, Hercules, CA). Briefly, protein concentrations were
determined by Spectrophotometer (NanoDrop ND-1000,
Wilmington, DE). Proteins were loaded at a concentration
of 1 mg/well, and then electrophoretically transferred onto
nitrocellulose membranes (0.45 mm, Bio-Rad). Membranes
with blotted antigens were blocked for 40 min at room tem-
perature in block buffer (4% skimmed milk-0.2% Tween20-
PBS1X). After washing three times with wash buffer (0.2%
Tween20-PBS1X), membranes were incubated for 1 h at
room temperature with sera diluted 1:1500 in block buffer.
After an additional three washes, membranes were incubated
for 1 h with HRP-conjugated goat anti-human IgG (A0170,
Sigma-Aldrich, St. Louis, MO) diluted 1:5000 in block buffer.
Bound antibodies were detected using Chemiluminescent
HRP Substrate (Immobilon Western, Millipore, Billerica,
MA), and visualized on x-ray films.
Statistical analysis. Sensitivity and specificity of the h-HCF-

IB test were calculated according to recognition of at least
one specific (AgB and/or Ag5) band. For the purpose of this
study, which addressed the ability of the h-HCF-IB test to
assess cyst viability, positivity of the test on sera from patients

with inactive CE4 and CE5 cysts was considered a false posi-
tive result. Gold standard was the US classification of CE
cysts. In the absence of biological data from material obtained
by invasive procedures regarding the true viability status of
single CE3a cysts, these were considered viable for the pur-
pose of the calculation of test performance.

RESULTS

The h-HCF-IB test had a sensitivity of 83%, and a specificity
of 98%. Among sera from patients with active and transitional
echinococcal cysts, five classified as CE1 tested negative with
the h-HCF-IB test, and three of them were also negative on
routine serology. All sera from control patients tested negative
with the test, although only one patient with a CE4 cyst was
positive, as well as with routine serology.
The IB profiles of the sera were qualitatively and quantita-

tively homogeneous within each cyst stage group. Antigens
with molecular weights (MW) of 8, 16, 24, 34–50, 80–90 kDa
were identified.
Group 1: active CE1 and CE2 cysts. As shown in Figure 2,

serum samples from group 1 responded differently to h-HCF
depending on the cyst stage: sera of patients with CE2 cysts
recognized bands of 8, 16, and 24 kDa, which can be attributed
to AgB subunits,9 whereas sera from subjects with CE1 cysts
did not recognize or recognized very weakly these bands.
Group 2: transitional CE3 cysts. Sera in group 2 recognized

all the subunits of AgB, and bands between 34–50 kDa, which
can be attributed to Ag5 subunits.10 In 8 of 10 cases, the test
allowed discrimination between CE3a, and CE3b cysts as sera
from patients with CE3a cysts always recognized AgB bands
but only one subunit (50 kDa) of Ag5 bands, whereas sera
from subjects with CE3b cysts always recognized all bands

Figure 1. World Health Organization InformalWorking Group on Echinococcosis (WHO-IWGE) Classification ofEchinococcus granulosus cyst
stages on ultrasound3 with specification of CE3 cyst sub-classification in CE3a and CE3b, according to their different activity in functional studies.4
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of the two antigens. In the other two CE3a cases, sera recog-
nized both Ag5 bands, but with weaker intensity.
Group 3: inactive CE4 and CE5 cysts. Only one serum from

group 3 recognized all the subunits of AgB and Ag5; this
patient also had positive results on serological routine tests. All
other sera from group 3 did not recognize any specific bands.
Control group. All sera from the control group recognized

non-specific bands with a MW between 80–90 kDa indepen-
dently of presence (and etiology) or absence of other parasitic
conditions. These bands were also recognized by sera from all
CE groups and were therefore considered unspecific.
Evaluation of longitudinal sera. Regarding the longitudinal

study carried out on the patient whose cyst changed from

active (CE1) to transitional (CE3a) to inactive (CE4), we
found that the rapid change in cyst viability seen on US was
paralleled by a clear change in the band recognition pattern
on h-HCF-IB, whereas routine serology continued to be
positive (Figure 3). This result is likely due to a reduction
of Echinococcus antigens production, and consequently to a
lower production of anti-Echinococcus-specific IgG by the
immune system.

DISCUSSION

Immunological tests are a valuable aid in the diagnosis of CE,
which still relies primarily on imaging methods. Despite the
constant search for new molecular tools,11,12 however, current
serological tests lack sensitivity and cannot predict the evolu-
tion of cysts either after treatment or spontaneously.7,11

IB is one of the most sensitive and specific techniques,
and it is generally used as a confirmatory test when routinely
used assays such as IHA and ELISA are inconclusive. Sheep
HCF, and native or recombinant AgB, and Ag5 are the main
antigens used in IB.7

HCF is a complex mixture of parasite excretory–secretory
products, and host-derived molecules.13 However, the known
presence of host-derived molecules did not appear to nega-
tively influence the specificity of our test. Indeed, only bands
of high MW, which could be attributed to immunoglobulin
heavy chains, were unspecifically detected in all samples.
The principal molecules present in large amounts in the

cyst fluid are AgB and Ag5.9,14,15 AgB is an immunogenic
lipoprotein encoded by several genes16 involved in several
host–parasite interaction mechanisms, promoting parasite
establishment and survival in the intermediate host.17–20

There is also evidence that AgB genes are differentially
expressed in the different stages of the parasite life cycle,
and parasite tissues during development in the host.9,16,21,22

Ag5 is an immunogenic glycoprotein expressed in all stages
of the parasite life cycle, and is secreted from the surface
of the worm.9,23–25 Ag5 is present in elevated concentration
in HCF, and it may have a relevant function in the develop-
ment of the metacestode.10

Figure 2. Representative images of bands pattern recognized by sera from patients with hepatic cystic echinococcosis (CE) in different stages,
and control subject using the human hydatid cyst fluid immunoblotting (h-HCF-IB) test based on h-HCF as a source of antigen. Lane 1: molecular
weight ladder. Lane 2: h-HCF bands pattern recognized by sera from healthy subjects (A); patients with CE1 (B), CE2 (C), CE3a (D), CE3b (E),
and CE4 (F) cysts; other parasitic infections (G); in the case shown Entamoeba histolitica). Note the constant recognition of two unspecific bands
of high molecular weight (80–90 kDa) by all samples. The AgB bands of 8, 16, and 24 kDa are recognized by sera from patients with CE2, CE3a,
and CE3b cysts, whereas bands belonging to Ag5 (34 and 50 kDa) only by sera of patients with CE3a (weakly or only the band of 50 kDa), and
CE3b cysts.

Figure 3. Human hydatid cyst fluid immunoblotting (h-HCF-IB)
of sera from a cystic echinococcosis (CE) patient whose cyst passed
from being active (CE1) to transitional (CE3a) to inactive (CE4) as
the result of albendazole treatment. Lane 1: molecular weight ladder;
lane 2: h-HCF band pattern recognized by serum obtained at CE1
(A, December 2010), CE3a (B, May 2011), and CE4 (C, December
2012) cyst stage.
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HCF for diagnostic purposes is obtained from sheep cysts,
but its use is hampered by cross-reactivity of sera from
patients with other parasitic infections, and by difficulties
in its standardization.26–28

In this study, we developed a new IB test using h-HCF with
high specificity and sensitivity, and evaluated the antibody
response of patients infected with hepatic CE cysts in differ-
ent stages. Although it would be difficult to include HCF from
human cysts in standardized serological tests, molecular char-
acterization of bands recognized by sera from infected
patients could represent a useful tool to identify antigens,
which can be subsequently used in tests with improved diag-
nostic performances.
The h-HCF-IB test had a sensitivity of 83% and a specific-

ity of 98%, calculated considering as a true negative result
that of sera from patients with inactive CE4-CE5 cysts.
The relatively low sensitivity was caused by the high percent-
age (71%) of sera from patients with active CE1 cysts that
tested negative with h-HCF-IB. On the other hand, the
specificity obtained, lower than 100%, was not caused by
cross-reactivity of the test but by the positivity of one serum
from a patient with an inactive CE4 cyst, which was also
positive on routine serology. Overall, these results are com-
parable with those reported in the literature using sheep
hydatid fluid fractions,28 although our test showed lower sen-
sitivity compared with a commercial IB test routinely used
for diagnostic purposes (Echinococcus Western Blot IgG,
LDBIO, Lyon, France—Se 83% h-HCF-IB versus Se 98%
commercial kit29).
The bands recognized by sera from CE patients (8, 16, 24,

34–50 kDa) belonged to the two main antigens present in the
HCF, AgB (8, 16, and 24 kDa), and Ag5 (34–50 kDa).
Patients with cysts in active stages (CE1 and CE2) responded
differently to h-HCF: sera of patients with CE1 cysts recog-
nized inconsistently the AgB subunits, whereas sera of patients
with cysts in the CE2 stage recognized all three subunits of
AgB. Patients with inactive cysts (CE4 and CE5) neither
recognized Echinococcus-specific bands in the h-HCF-IB test
nor in the routine assays, with the exception of one subject
who was positive on both tests. Patients with transitional cysts
(CE3a and CE3b) recognized all subunits of AgB and Ag5,
and, most interestingly, h-HCF-IB allowed, in 80% of cases,
to discriminate between CE3a and CE3b on the basis of Ag5
band recognition. To our knowledge, this is the first report of
such a performance using serological tests.
To assess whether h-HCF-IB could be useful in detecting

early changes in band pattern recognition after treatment,
and therefore potentially able to indicate therapy outcome
at an early phase, we tested its performance on serial sera
obtained from one patient at the time when its cyst changed
from active (CE1) to transitional (CE3a) to inactive (CE4)
in a short period of time (24 months), as the result of
albendazole treatment. Interestingly, our preliminary results
support the potential ability of this IB to evaluate early
changes in cyst viability.
Taken together, although preliminary, and on a small

cohort of patients, these results strongly support the hypoth-
esis that different antigens are expressed by different cyst
stages of the larval phase of E. granulosus, as suggested
by functional studies,4 and not just by different phases of
the parasite life cycle.30 This warrants the evaluation of the
transcriptome/proteome from different cyst stages. These

differences might be useful in clinical practice to correctly
define cyst stages and their viability. Our preliminary results
show a clear and rapid change in band pattern recognition
when a cyst from a single patient changed from active to
inactive, and this opens new perspectives in the clinical man-
agement of CE patients and their follow-up. On this
account, it would be of interest to evaluate the behavior
of band pattern recognition in a larger cohort of patients,
and in longitudinal studies, to assess whether early changes
in band recognition could predict the evolution of a cyst
either spontaneously or after treatment, and the timing of
such changes.
In our study, failure to recognize specific bands by sera

from patients with CE4-CE5 and CE1 cysts is consistent with
a negative serology characteristic of patients with cysts in
these stages.31,32 However, further studies are needed to
investigate whether the h-HCF-IB test could detect early
changes in cyst viability upon reactivation of CE4 cysts. For
example, it would be of interest to assess whether the only
patient with a CE4 cyst who tested positive on the h-HCF-IB
test will see his cyst reactivating in the future, in comparison
with the fate of those with inactive cysts who tested negative.
Moreover, the mechanisms underlying the difference in band
recognition between CE2 and CE3b cysts, both biologically
active,4 remain to be clarified. A possible explanation is that
only AgB is exposed to the host immune system by intact,
young active cysts (CE2), whereas Ag5 elicits the production
of specific antibodies after the cyst has been damaged
(CE3b). CE3a cysts are known to be active in about half of
the cases,4 and sera from patients with this cyst stage interest-
ingly showed two patterns of band recognition, one similar
to that of patients with CE2, and one similar to patients with
CE3b cysts. It would be extremely useful to assess whether
this behavior reflects the biological activity of the single
CE3a cysts.
Whatever the biological mechanism underlying these

results, the ability of our h-HCF-IB test to recognize different
band patterns by sera from patients with cysts in different
stages, opens new opportunities to develop methods that
would aid in the clinical management of CE infection and
in shortening follow-up.
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