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Abstract: Echinococcosis is a neglected zoonotic disease and a worldwide public health problem
caused by infection with the larval stages of taeniid cestodes of the genus Echinococcus. In vitro
studies have demonstrated a protoscolecidal effect of eosinophilic cationic protein (ECP), a granule
protein of eosinophilic granulocytes, against E. granulosus. Therefore, the main objective of this
study was to evaluate ECP as a biomarker in the treatment of alveolar echinococcosis (AE) and cystic
echinococcosis (CE). Data were collected retrospectively from the Vienna Echinococcosis Cohort
over 7 years until December 2020. Altogether, 32 patients (16 AE and 16 CE) were included. In the
selected patients, serum ECP values were compared before and after the beginning of an operative
and/or benzimidazole (BMZ) therapy. Mean ECP serum levels before intervention were significantly
(p < 0.05) elevated at 34.0 ± 22.9 µg/L in AE patients and at 38.6 ± 19.9 µg/L in CE patients compared
to the control group. After the intervention, mean ECP levels decreased significantly (p < 0.05) to
20.4 ± 14.6 µg/L in AE patients and to 22.4 ± 8.3 µg/L in CE patients. Furthermore, ECP showed
a significant (p < 0.05) correlation of k = 0.56 with PET–CTI. Based on the significant decrease after
operative and/or BMZ treatment and the correlation with clinical markers such as PET–CTI, it is
recommended to investigate ECP more intensively as a marker of AE and CE in prospective studies
with larger cohorts.

Keywords: echinococcosis; eosinophilic cationic protein; routine marker

1. Introduction

Echinococcosis is a zoonosis caused by infection with a tapeworm of the genus
Echinococcus. An infection with E. granulosus leads to cystic echinococcosis (CE); an infection
with E. multilocularis leads to alveolar echinococcosis (AE). CE is characterized by mostly
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unilocular cysts and AE by multiple smaller lesions [1]. AE is predominantly found in the
temperate to cold latitudes of the Northern Hemisphere [1,2]. The main endemic areas
are Southern Germany, Western Austria, Eastern France, Northern Switzerland, Russia,
China, and the Japanese island Hokkaido. Due to the increased urbanization of foxes, and
probably also due to the increased use of immunosuppressants, the numbers of AE have
risen steadily in recent years [3,4]. By comparison, CE is not restricted to the Northern
Hemisphere. The main endemic areas are in South America, Eastern Europe, the Middle
East, East Africa, Central Asia, China, and Russia [5].

The prognosis of patients with AE has improved considerably in recent decades, partly
due to better imaging, surgical, and drug procedures [5]. Therapy should be considered
according to the PNM classification (P = parasitic mass in the liver, N = involvement of
neighboring organs, and M = metastasis), based on cross-sectional images [6]. Benzimi-
dazoles (BMZ) such as albendazole, or alternatively mebendazole, are available for drug
therapy and should be given to every AE patient as a first line therapy. Curative surgical
treatment followed by BMZ therapy should be evaluated for every patient. AE patients
must be observed and treated for several years. For serodiagnosis of AE, a sensitive ELISA
such as Echinococcus IgG or immunoblotting tests are usually the first-line investigation,
followed by more specific tests for E. multilocularis such as recEm18-ELISA or Em2+-ELISA,
which can lead to differentiation between E. multilocularis and E. granulosus by using spe-
cific parasitic antigens [7,8]. For the serodiagnosis of CE, the sensitivity of serological
makers may differ depending on the localization of the cysts [5,9]. Except these specific
serological markers, there are only very few markers for routine controls, such as total
immunoglobulin E (IgE) or eosinophil granulocyte counts. Routine markers can serve as
the first indication of an infection with echinococcosis. The role of total IgE has hitherto
been controversial. It is frequently used as a routine marker and is therefore already highly
evaluated. At the time of initial presentation, eosinophilia in the blood is more likely to
be seen in CE and is rarely found in AE. All in all, the established markers’ total IgE and
eosinophil granulocyte counts are limited due to their low sensitivity in CE, but even more
limited in AE [10]. The eosinophil cationic protein (ECP) could represent a new promising
routine marker measured in serum.

ECP, together with major basic protein (MBP), eosinophil peroxidase, and eosinophil-
derived neurotoxin (EDN), is a granule of eosinophil granulocytes [11]. As are other
members of the ribonuclease A family, the gene that encodes ECP is on chromosome 14 [12].
The molecular weight variates between 16 and 24 kDa and it is extremely basic, with a pI
of pH 10.8 [13]. ECP exhibits potent immunomodulatory, antibacterial, antiparasitic, and
antiviral properties, and here is cytotoxic to a wide bandwidth of pathogens [13,14]. Origi-
nally developed to assess progression in patients with severe type I allergy, it is associated
with many diseases, e.g., asthma, cancer, or infectious diseases such as malaria [15–18]. It
should be mentioned that there are phases in the etiopathology when the parasite cannot
completely control the immunological response of the host. At that time, an increase in the
eosinophil count and thus a local degranulation can take place. This could be the reason
why ECP and EDN become present inside hydatid cysts in analog concentrations compared
to reported concentrations in allergic disorders [19,20]. Previously, recombinant human
ECP (rhECP) has showed toxic effects against protoscoleces (PSC) and the germinal layer
of E. granulosus. Dose-dependent concentrations of rhECP led to progressive instability and
finally disintegration of the tegument. ECP proved to be more toxic against E. granulosus
than EDN. This resulted in the consideration that it is not the ribonuclease activity, but the
cationic structure of the ECP that leads to its toxicity [20]. In a clinical analysis, a correlation
was found between the symptoms and the ECP levels in patients with CE [21].

This retrospective pilot study evaluated ECP as a potential clinical routine marker of
AE and CE, and considered ECP for further prospective studies with larger cohorts due to
its in vitro protoscolecidal effects against E. granulosus.
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2. Materials and Methods
2.1. Inclusion and Exclusion Criteria

The data from the Vienna Echinococcosis Cohort were used for the analysis. This
cohort includes patients with AE and CE treated at the Medical University of Vienna at the
Clinical Department for Infections and Tropical Medicine. This cohort was established to
create a database in Austria for future studies. Between 1 January 2014 and 31 December
2020, the Vienna Echinococcosis Cohort added 28 new patients with confirmed AE; of
those, n = 16 AE patients were included in the data analysis. Furthermore, n = 16 CE
patients were examined from the cohort. Included were patients who had undergone
intervention in the form of a drug or surgical therapy and pre- and post-interventional
examinations at Vienna General Hospital, Austria, during the previously mentioned time
period. Exclusion criteria were patients with confirmed allergies (AE: n = 0, CE: n = 1)
and missing pre- and/or post-interventional ECP values (AE: n = 12, CE: n = 11). In
addition, a total of n = 19 patients initially suspected of having AE or CE were included
in the analysis. These patients were discussed during the interdisciplinary echinococcosis
board of the Medical University of Vienna consisting of specialists in infectious diseases,
visceral surgery, and radiology. Here, echinococcosis was excluded based on anamnestic,
serological, radiological, and/or histological criteria. The data evaluation was approved
and accepted by the Ethics Committee of the Medical University of Vienna in June 2020
under the EK number 2031/2012. All patients of the Vienna Echinococcosis Cohort were
asked for venous blood sampling at the beginning of therapy and at subsequent follow-up
appointments. If consent was given, a 10 mL serum tube was taken every appointment and
ECP was routinely measured for all AE and CE patients. The one excluded CE patient with
confirmed allergies had permanent ECP values outside the range of >200 µg/L and was
excluded to maintain the quantitative data quality. Participation in this study had no direct
benefit for the patient, but no risk was expected since it was a retrospective data evaluation.

2.2. Demographic Data

The data analysis included 16 patients with confirmed AE (group A), 16 patients with
CE (group B), and 19 patients in the control group (group C). The gender distribution in
group A was balanced with 8 (50.0%) male and 8 (50.0%) female patients, whereas in group
B there were more male (m/w: 1.5) and in group C more female patients (m/w: 0.46). The
mean age at the time of the first blood sampling was 53.9 ± 18.4 years (20–80) in group A.
As expected, group B was significantly (p < 0.05) younger with 40.3 ± 13.6 years (18–62).
The control group was on average 54.6 ± 17.2 years (22–82) old.

In group A, 13 patients (81.25%) received a disease-specific operation followed by
BMZ drug therapy. Three patients (18.75%) received palliative drug therapy with BMZ. All
patients had a liver manifestation and, in line with the literature, 4 patients (25.0%) already
had parasitic lesions in other organs such as the lungs, pleura, and perisplenic or adrenal
glands [2]. The preinterventional ECP values were taken at a median of 2.5 months (Q1: 0.5,
Q3: 3.8) before the intervention. The postinterventional measurement was the first clinical
appointment that included blood samples after the intervention, hereupon the values were
taken at a median of 4.2 months (Q1: 1.2; Q3: 6.0) in the operative and at a median of 7.6
months (4.9–9.3) after the intervention in the BMZ therapy scheme.

A total of 10 patients (62.5%) from group B underwent a disease-specific operation
followed by BMZ drug therapy. Six patients (37.5%) received palliative drug therapy.
Excepting three patients, all patients had liver cysts. Patients without hepatic manifestations
had extrahepatic cysts in the uterus, adnexa, right thigh, and lung (Table 1). The ECP
values of CE patients were taken at a median of 0.7 months (Q1: 0.2, Q3: 2.8) before the
intervention. In the operative therapy scheme, the blood samples were collected at a
median of 2.0 months (Q1: 0.7, Q3: 3.6) and in the BMZ therapy scheme 4.1 months (Q1:
1.9, Q3: 6.5) after the intervention.

In group C, all patients were initially suspected to have AE or CE. In the further
interdisciplinary investigations, 9 patients were diagnosed with simple liver cysts, 3 patients
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with splenic cysts, 2 patients with carcinoma and 1 patient with hemangioma. For 4 patients,
the diagnosis remained unclear, but it was certainly not echinococcosis.

Table 1. Demographic data and ECP levels.

Patients Gender Age * Disease PNM
Classification

Therapy
Scheme

Organ Mani-
festation

ECP
Preinterventional

ECP
Postinterventional

Lesion
Size **

Traceruptake
in PET-CTI

Group A

patient 1 female 80 AE P3N0M1 BMZ liver,
perisplenic 9.9 µg/L 4.9 µg/L 57.6 cm2 strong

patient 2 female 27 AE P3N0M0 operative +
BMZ liver 28.9 µg/L 10.4 µg/L 70.3 cm2 none

patient 3 female 59 AE P2N0M0 operative +
BMZ liver 15.2 µg/L 55.7 µg/L 23.4 cm2 none

patient 4 female 20 AE P2N0M0 operative +
BMZ liver 38.5 µg/L 14.1 µg/L 18.4 cm2 weak

patient 5 male 68 AE P2N0M0 BMZ liver 33.7 µg/L 13.4 µg/L 26.0 cm2 weak

patient 6 male 60 AE P1N0M0 operative +
BMZ liver 8.1 µg/L 10.4 µg/L 4.0 cm2 none

patient 7 male 57 AE P2N0M0 BMZ liver 8.3 µg/L 3.5 µg/L 17.1 cm2 none

patient 8 female 21 AE P2N1M0 operative +
BMZ liver, pleura 14.6 µg/L 16.6 µg/L 12.3 cm2 none

patient 9 female 36 AE P2N0M0 operative +
BMZ liver 24.1 µg/L 16.9 µg/L 34.3 cm2 weak

patient 10 male 72 AE P3N0M0 operative +
BMZ liver 57.1 µg/L 24.6 µg/L 28.2 cm2 weak

patient 11 male 71 AE P4N0M1 operative +
BMZ

liver, lung,
adrenal 72.0 µg/L 28.1 µg/L 45.5 cm2 -

patient 12 male 66 AE P3N0M0 operative +
BMZ liver 24.0 µg/L 31.8 µg/L 23.2 cm2 weak

patient 13 male 55 AE P3N0M0 operative +
BMZ liver 56.4 µg/L 14.4 µg/L 48.0 cm2 weak

patient 14 female 63 AE P3N0M0 operative +
BMZ liver 50.5 µg/L 8.7 µg/L 70.5 cm2 strong

patient 15 male 54 AE P3N0M0 operative +
BMZ liver 79.8 µg/L 46.9 µg/L 24.5 cm2 strong

patient 16 female 53 AE P4N0M1 operative +
BMZ liver, lung 22.6 µg/L 22.7 µg/L 64.0 cm2 weak

Patients Gender Age * Disease
CE Cyst

Classification
***

Therapy
Scheme

Organ Mani-
festation

ECP
Preinterventional

ECP
Postinterventional

Lesion
Size

Group B

patient 17 male 48 CE CE2 operative +
BMZ liver, lung 58.7 µg/L 24.9 µg/L 70.5 cm2

patient 18 female 34 CE CE2 operative +
BMZ liver 76.2 µg/L 41.0 µg/L 36.3 cm2

patient 19 male 45 CE CE5, CE1 BMZ liver 44.8 µg/L 14.9 µg/L 60.9 cm2

patient 20 female 32 CE CE1 operative +
BMZ liver 28.3 µg/L 24.7 µg/L 127.8 cm2

patient 21 male 40 CE CE3a operative +
BMZ right thigh 48.5 µg/L 26.7 µg/L 40.1 cm2

patient 22 male 51 CE CE2 BMZ liver 33.0 µg/L 7.1 µg/L 25.4 cm2

patient 23 male 27 CE CE1 operative +
BMZ liver 17.1 µg/L 31.0 µg/L 63.2 cm2

patient 24 male 30 CE CE3a operative +
BMZ lung 50.2 µg/L 33.5 µg/L 5.9 cm2

patient 25 female 62 CE CE1 operative +
BMZ liver, lung 36.2 µg/L 18.8 µg/L 108.2 cm2

patient 26 male 20 CE CE3a operative +
BMZ liver 41.7 µg/L 16.1 µg/L 16.4 cm2

patient 27 male 54 CE CE3a BMZ liver, lung,
spleen 75.5 µg/L 22.7 µg/L 116.5 cm2

patient 28 female 42 CE CE2, CE3b operative +
BMZ

uterus,
adnexa 23.9 µg/L 17.5 µg/L 71.5 cm2

patient 29 male 58 CE CE3a BMZ liver 36.0 µg/L 23.5 µg/L 34.0 cm2

patient 30 female 18 CE CE4, CE5 BMZ liver, kidney 9.5 µg/L 13.3 µg/L 13.7 cm2

patient 31 female 30 CE CE3b, CE1 operative +
BMZ liver, lung 20.2 µg/L 19.9 µg/L 25.8 cm2

patient 32 female 54 CE CE1 BMZ liver 17.2 µg/L 23.1 µg/L 33.2 cm2

* Age in years at the time of the first blood sampling; ** Two largest parasitic lesions in two-dimensional space;
*** WHO-IWGE CE cyst classification [22].

2.3. Interventions and Imaging

During the entire observation period, the patients received one or more interventions in
the form of a disease-specific operative therapy and/or drug therapy using benzimidazoles.
Throughout this time, the therapy was oriented based on the WHO suggestions [5]. For
patients included in the operative therapy scheme, R0-resections were used.
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Out of group A, 15 patients received a staging PET–CTI shortly before the intervention.
The tracer uptake was categorized as either none, weak, or strong. AE Patient 11 instead
underwent an MRI before the intervention because adrenocortical carcinoma was assumed
present; for that reason, only the lesion size is included in the data analysis. Every CE
patient obtained a cross-sectional image (CTI, MRI, or PET) before the intervention. The
mean lesion sizes were 35.5 ± 21.2 cm2 in AE patients and 53.1 ± 37.7 cm2 in CE patients.
On the basis of the cross-sectional images or ultrasound, AE patients were classified using
the PNM classification and CE patients using the Gharbi et al. expanded WHO-IWGE CE
cyst classification [5,22–24]. If a CE patient had two or more cysts at different stages of
activity, the more dominant cyst was used for the data analysis. Not all CE patients received
their PET–CTI as a cross-sectional image; for that reason, there was no data analysis with
tracer uptake in CE patients.

2.4. ECP Measurement

ECP was measured in an ISO 9001:2015 certified and ISO 15189:2012 accredited labora-
tory (Department of Laboratory Medicine, Medical University of Vienna, Austria) using the
CE-IVD ImmunoCAP™ECP test on a fully automated Phadia 250 analyzer (both Thermo
Fisher Scientific, Immunodiagnostics, Vienna, Austria). The eosinophilic cationic protein
was released in vitro during the coagulation process from prestimulated and activated
eosinophils. For the best possible standardization of ECP release in vitro, serum tubes with
gel separator were allowed to clot for a minimum of 60 and a maximum of 120 min before
centrifugation. After centrifugation, the serum was transferred to a new tube and stored
temporarily at 2–8 degrees Celsius until measurement. The ECP test had a calibration of
from 2–200 µg/L, the analytical sensitivity was 0.5 µg/L, and the coefficients of variation
(intra- and inter-assay) were typically from 4–6%. According to the 95th percentile of
apparently healthy individuals, values <13.3 µg/L are considered normal.

2.5. Statistical Analysis

The data were analyzed using SPSS version 27.0. Normal distribution was checked by
using a Kolmogorov–Smirnov test. If a normal distribution was present, parametric tests were
used for group comparisons. If there was no normal distribution, non-parametric tests were
used. For dependent variables, this was the Wilcoxon test. For the evaluation, the confidence
interval was set at 95% and the significance level at 0.05. The null hypothesis assumed that
there was no difference between the ECP values before and after an intervention.

3. Results
3.1. Eosinophilic Cationic Protein in Patients with Alveolar Echinococcosis

Before the intervention, mean ECP serum levels were elevated at 34.0 ± 22.9 µg/L,
and were thus significantly (p < 0.05) higher than in patients out of the control group (mean
14.4 ± 7.7 µg/L). The lowest preinterventional ECP value was 8.1 µg/L and the highest
was 79.8 µg/L. Overall, 13 patients (81.3%) showed preinterventional elevated ECP levels
above the norm (<13.3 µg/L). Patients over 65 years (n = 5) had preinterventional ECP
levels of 39.3 ± 25.1 µg/L. The patient collective between 55 and 65 years (n = 5) showed
an average ECP level of 27.7 ± 23.7 µg/L and the collective under 55 years (n = 6) showed
an average ECP level of 34.8 ± 23.4 µg/L. There was no significant (p1 = 0.47, p2 = 0.25,
p3 = 0.86) difference in the ECP values between the age groups. The patients in the operative
therapy scheme (n = 13) had a mean ECP level of 37.8 ± 23.2 µg/L preinterventionally. The
average ECP level of the three patients with benzimidazole only was 17.3 ± 14.3 µg/L.

Postinterventionally, the mean ECP levels showed a significant (p < 0.05) decrease
to 20.4 ± 14.6 µg/L (Figure 1A). The lowest postinterventional ECP level was 3.5 µg/L
and the highest was 55.7 µg/L. A total of 11 patients (68.8%) still had ECP levels above
13.3 µg/L (Table 1). Additionally, patient 13 showed a strong increase in ECP value after
an intervention. It should be mentioned that in the next PET–CTI, several small suspicious
and new foci in the liver were detected. Patients with an operative treatment (n = 13) had
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an average ECP level of 23.5 ± 14.5 µg/L postoperatively. The patients in the drug therapy
schema (n = 3) had an average ECP level of 7.2 ± 5.4 µg/L at a median of 7.6 months after
beginning benzimidazole therapy.

Furthermore, ECP showed a significant (p < 0.05) correlation of k = 0.56 with tracer
uptake in PET–CTI. There was no significant (p1 = 0.39, p2 = 0.12) correlation between the
PNM classification and the parasitic lesion size (Table 2).

Table 2. Correlations between clinical parameters and ECP in AE patients.

PNM Classification Tracer Uptake in PET–CTI Lesion Size

Spearman Rho

Alveolar Echinococcosis

ECP *
k ** 0.23 0.56 0.40
p 0.39 p < 0.05 0.12
n 16 15 16

* preinterventional ECP values; ** correlation coefficient.

Figure 1. Pre- and post-interventional ECP levels in patients with alveolar or cystic echinococcosis.
(A) shows the ECP values of AE patients before and after a disease-specific intervention, while (B)
illustrates those of the CE patients.

3.2. Eosinophilic Cationic Protein in Patients with Cystic Echinococcosis

Preinterventionally, mean ECP serum levels were elevated at 38.6 ± 19.9 µg/L and
hence were significantly (p < 0.05) higher than in the control group (14.4 ± 7.7 µg/L). The
lowest ECP value was 9.5 µg/L and the highest was 76.2 µg/L. A total of 15 patients
(93.8%) showed elevated ECP levels above the norm (<13.3 µg/L). There was no significant
(p = 0.49) difference between the ECP values of CE and AE patients.

Postinterventionally, the mean ECP levels showed a significant (p < 0.05) decrease to
22.4 ± 8.3 µg/L (Figure 1B). The lowest postinterventional ECP level was 7.1 µg/L and the
highest was 41.0 µg/L. It should be pointed out that the ECP value of patient 28 dropped
further in upcoming follow-ups to 5.9 µg/L and subsequently showed an ECP increase of
up to 23.0 µg/L. Radiologically, a hepatic recurrence was confirmed.

For patients with CE, there was no correlation between the ECP value and the lesion
size (p = 0.52) or WHO-IWGE CE cyst activity (p = 0.49).

4. Discussion

Patients with echinococcosis, especially with AE, are usually followed and treated for
many years. Therefore, it is essential to find markers for initial diagnosis and follow-up
strategies. In this retrospective data analysis and pilot study, the aim was to evaluate ECP
as a potential marker for routine controls of AE and CE. Previous routine markers such
as total IgE or eosinophil granulocyte counts give first indications of a parasitic infection.
However, their relevance is controversial; therefore, it is important to find further routine



Pathogens 2022, 11, 261 7 of 9

markers that could be helpful when thinking about a parasitic disease and to subsequently
use specific serological markers. Furthermore, they could help to detect a recurrence in
blood controls outside of special echinococcosis clinics.

ECP has been associated with CE in previous studies [20,21]. Cicioğlu et al. showed
that mean ECP levels in patients with CE were significantly higher than levels in the control
group, whereas no differences in ECP levels were shown for age or gender. In accordance
with this, there was no significant difference in ECP levels between the age groups in our data
analysis. Furthermore, ECP already showed a response to the clinical condition of the patient,
as CE patients with symptoms had significantly higher ECP levels than asymptomatic CE
patients [21]. In our data analysis, there was no sign of a correlation (p = 0.52) between the
radiological parameter lesion size and ECP values in patients with CE.

So far, there are no publications that link ECP with AE. Due to the increasing incidences
in Central Europe and the few available routine markers, additional markers should be
detected and integrated into the routine. In our data analysis, mean ECP serum levels
before intervention were elevated at 34.0 µg/L ± 22.9 in AE patients and at 38.6 µg/L
± 19.9 in CE patients. After the intervention, mean ECP levels in AE patients decreased
significantly (p < 0.05) to 20.4 µg/L ± 14.6 and in CE patients to 22.4 ± 8.3 µg/L. The ECP
values of both diseases appeared significantly (p < 0.05) increased in comparison with the
control group. The AE patient population used in this data analysis was not optimal due to
their distribution into 13 operative and 3 drug-only therapy schemes. Usually, AE therapy
is more often a palliative BMZ therapy than a surgical therapy [25]. Larger studies could
therefore look at the behavior of ECP in surgical treatment and drug therapy separately.
Here, it would be essential to see how quickly ECP levels decrease after R0 resection, as in
our analysis, 76.9% operative AE patients and all operative CE patients had elevated ECP
levels; a rather slow decrease became apparent. Therefore, a possible explanation could be
that ECP reflects the patient’s immune response rather than the presence of parasite antigen
detected with specific ELISAs or direct pathogen detection. Supporting this explanation, a
significant (p < 0.05) correlation of k = 0.56 between the ECP and the PET–CTI was found in
our data analysis. Thus, a rapid decrease into negative values is rather not to be expected
after surgical and/or BMZ therapy. Additionally, there were large time differences in the
collection of postoperative serologies in our data analysis.

It is important to note that CE cysts can be subdivided according to the WHO-IWGE
classification [5]. Ramos et al. found out that the hydatid cyst walls of inactive CE5 cysts
with signs of calcifications have a higher ECP content than the hydatid cyst walls of active
CE1 cysts [20]. Whether this plays a role only histopathologically in terms of a strong
localized immune response or is also detectable in peripheral blood should be evaluated in
larger cohorts, since no significant (p = 0.49) correlation could be detected in our limited
cohort. However, it is suggested that dead parasites are more potent triggers of a strong
immune response than living parasites [26]. In line with this, patient 24 showed constantly
slightly elevated ECP values above the cut-off until the occurrence of a rupture of the cyst,
followed by an increase of up to 50.2 µg/L.

Furthermore, future studies could detect what impact palliative BMZ therapy has
on ECP. BMZ therapy is a long-term palliative treatment where the effects on specific
serological ELISAs or immune response markers are not expected to be immediate after
the start of therapy [27]. However, it should be examined how ECP compares to specific
serological ELISAs such as Em2+, rec-Em18, or Echinococcus IgG, since as mentioned before
both ECP and PET–CTI are more likely to represent the immune response than specific
serological parameters, which are more likely to reflect parasitic metabolism [28].

In conclusion, based on the significant decrease of ECP serum levels after operative
and/or BMZ treatment in AE and CE patients and its correlation with tracer uptake in
PET–CTI in AE patients, it is recommended to investigate ECP more intensively as a marker
of AE and CE in prospective studies with larger cohorts.

Author Contributions: Conceptualization, H.L.; data curation, J.F.H., K.K., S.S., F.W., H.A., T.P., M.K.,
P.K.B., R.-Y.C., R.K., and H.L.; formal analysis, J.F.H.; project administration, H.L.; supervision, H.A.,



Pathogens 2022, 11, 261 8 of 9

H.B., and H.L.; visualization, J.F.H.; writing—original draft, J.F.H.; writing—review and editing, K.K.,
S.S., F.W., H.A., T.P., M.K., P.K.B., R.-Y.C., R.K., H.B., M.R., and H.L. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The protocol was approved by the Ethical Board of the
Medical University of Vienna (No. 2031/2012, amendment of 18 June 2020) and performed in
accordance with the Declaration of Helsinki [1964], Good Clinical Practice guidelines of the European
Commission and the Good Scientific Practice guidelines of the Medical University of Vienna.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the corre-
sponding author. The data are not publicly available due to ethical concerns and data privacy reasons.

Acknowledgments: Thanks to all members of the Vienna Echinococcus Cohort for their commitment.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Deplazes, P.; Rinaldi, L.; Alvarez Rojas, C.A.; Torgerson, P.R.; Harandi, M.F.; Romig, T.; Antolova, D.; Schurer, J.M.; Lahmar,

S.; Cringoli, G.; et al. Global Distribution of Alveolar and Cystic Echinococcosis. Adv. Parasitol. 2017, 95, 315–493. [CrossRef]
[PubMed]

2. Kern, P.; Bardonnet, K.; Renner, E.; Auer, H.; Pawlowski, Z.; Ammann, R.W.; Vuitton, D.A.; Kern, P. European echinococcosis
registry: Human alveolar echinococcosis, Europe, 1982–2000. Emerg. Infect. Dis. 2003, 9, 343–349. [CrossRef] [PubMed]

3. Oksanen, A.; Siles-Lucas, M.; Karamon, J.; Possenti, A.; Conraths, F.J.; Romig, T.; Wysocki, P.; Mannocci, A.; Mipatrini, D.; La
Torre, G.; et al. The geographical distribution and prevalence of Echinococcus multilocularis in animals in the European Union
and adjacent countries: A systematic review and meta-analysis. Parasites Vectors 2016, 9, 519. [CrossRef] [PubMed]

4. Chauchet, A.; Grenouillet, F.; Knapp, J.; Richou, C.; Delabrousse, E.; Dentan, C.; Millon, L.; Di Martino, V.; Contreras, R.; Deconinck,
E.; et al. Increased incidence and characteristics of alveolar echinococcosis in patients with immunosuppression-associated
conditions. Clin. Infect. Dis. 2014, 59, 1095–1104. [CrossRef] [PubMed]

5. Brunetti, E.; Kern, P.; Vuitton, D.A. Expert consensus for the diagnosis and treatment of cystic and alveolar echinococcosis in
humans. Acta Trop. 2010, 114, 1–16. [CrossRef] [PubMed]

6. Kern, P.; Wen, H.; Sato, N.; Vuitton, D.A.; Gruener, B.; Shao, Y.; Delabrousse, E.; Kratzer, W.; Bresson-Hadni, S. WHO classification
of alveolar echinococcosis: Principles and application. Parasitol. Int. 2006, 55, S283–S287. [CrossRef] [PubMed]

7. Gottstein, B.; Lachenmayer, A.; Beldi, G.; Wang, J.; Merkle, B.; Vu, X.L.; Kurath, U.; Muller, N. Diagnostic and follow-up
performance of serological tests for different forms/courses of alveolar echinococcosis. Food Waterborne Parasitol. 2019, 16, e00055.
[CrossRef]

8. Ito, A.; Ma, L.; Schantz, P.M.; Gottstein, B.; Liu, Y.H.; Chai, J.J.; Abdel-Hafez, S.K.; Altintas, N.; Joshi, D.D.; Lightowlers, M.W.;
et al. Differential serodiagnosis for cystic and alveolar echinococcosis using fractions of Echinococcus granulosus cyst fluid
(antigen B) and E. multilocularis protoscolex (EM18). Am. J. Trop. Med. Hyg. 1999, 60, 188–192. [CrossRef]

9. Ito, A.; Craig, P.S. Immunodiagnostic and molecular approaches for the detection of taeniid cestode infections. Trends Parasitol.
2003, 19, 377–381. [CrossRef]

10. Deibel, A.; Stocker, D.; Meyer Zu Schwabedissen, C.; Husmann, L.; Kronenberg, P.A.; Grimm, F.; Deplazes, P.; Reiner, C.S.;
Müllhaupt, B. Evaluation of a structured treatment discontinuation in patients with inoperable alveolar echinococcosis on
long-term benzimidazole therapy: A retrospective cohort study. PLoS Negl. Trop. Dis. 2022, 16, e0010146. [CrossRef]

11. Topic, R.Z.; Dodig, S. Eosinophil cationic protein–current concepts and controversies. Biochem. Med. 2011, 21, 111–121. [CrossRef]
12. Zhang, J.; Rosenberg, H.F. Sequence variation at two eosinophil-associated ribonuclease loci in humans. Genetics 2000, 156,

1949–1958. [CrossRef] [PubMed]
13. Venge, P.; Byström, J. Eosinophil cationic protein (ECP). Int. J. Biochem. Cell Biol. 1998, 30, 433–437. [CrossRef]
14. Boix, E.; Torrent, M.; Sánchez, D.; Nogués, M.V. The antipathogen activities of eosinophil cationic protein. Curr. Pharm. Biotechnol.

2008, 9, 141–152. [CrossRef] [PubMed]
15. Munthe-Kaas, M.C.; Gerritsen, J.; Carlsen, K.H.; Undlien, D.; Egeland, T.; Skinningsrud, B.; Tørres, T.; Carlsen, K.L. Eosinophil

cationic protein (ECP) polymorphisms and association with asthma, s-ECP levels and related phenotypes. Allergy 2007, 62,
429–436. [CrossRef] [PubMed]

16. Pereira, M.C.; Oliveira, D.T.; Kowalski, L.P. The role of eosinophils and eosinophil cationic protein in oral cancer: A review. Arch.
Oral Biol. 2011, 56, 353–358. [CrossRef] [PubMed]

17. Kurtzhals, J.A.; Reimert, C.M.; Tette, E.; Dunyo, S.K.; Koram, K.A.; Akanmori, B.D.; Nkrumah, F.K.; Hviid, L. Increased eosinophil
activity in acute Plasmodium falciparum infection—Association with cerebral malaria. Clin. Exp. Immunol. 1998, 112, 303–307.
[CrossRef] [PubMed]

http://doi.org/10.1016/bs.apar.2016.11.001
http://www.ncbi.nlm.nih.gov/pubmed/28131365
http://doi.org/10.3201/eid0903.020341
http://www.ncbi.nlm.nih.gov/pubmed/12643830
http://doi.org/10.1186/s13071-016-1746-4
http://www.ncbi.nlm.nih.gov/pubmed/27682156
http://doi.org/10.1093/cid/ciu520
http://www.ncbi.nlm.nih.gov/pubmed/25034426
http://doi.org/10.1016/j.actatropica.2009.11.001
http://www.ncbi.nlm.nih.gov/pubmed/19931502
http://doi.org/10.1016/j.parint.2005.11.041
http://www.ncbi.nlm.nih.gov/pubmed/16343985
http://doi.org/10.1016/j.fawpar.2019.e00055
http://doi.org/10.4269/ajtmh.1999.60.188
http://doi.org/10.1016/S1471-4922(03)00200-9
http://doi.org/10.1371/journal.pntd.0010146
http://doi.org/10.11613/BM.2011.019
http://doi.org/10.1093/genetics/156.4.1949
http://www.ncbi.nlm.nih.gov/pubmed/11102386
http://doi.org/10.1016/S1357-2725(97)00127-1
http://doi.org/10.2174/138920108784567353
http://www.ncbi.nlm.nih.gov/pubmed/18673279
http://doi.org/10.1111/j.1398-9995.2007.01327.x
http://www.ncbi.nlm.nih.gov/pubmed/17362255
http://doi.org/10.1016/j.archoralbio.2010.10.015
http://www.ncbi.nlm.nih.gov/pubmed/21112047
http://doi.org/10.1046/j.1365-2249.1998.00586.x
http://www.ncbi.nlm.nih.gov/pubmed/9649195


Pathogens 2022, 11, 261 9 of 9

18. National Heart, Lung, and Blood Institute. Guidelines for the diagnosis and management of asthma. National Asthma Education
Program. Expert Panel Report. J. Allergy Clin. Immunol. 1991, 88, 425–534.

19. Dal Negro, R.; Tognella, S.; Micheletto, C.; Pomari, C.; Burti, E.; Mauroner, L.; Turco, P. Serum eosinophil cationic protein and
bronchial hyperresponsiveness to hypoosmolar challenge in naive atopic asthmatics. J. Investig. Allergol. Clin. Immunol. 1998, 8,
294–299.

20. Ramos, A.L.; Discipio, R.G.; Ferreira, A.M. Eosinophil cationic protein damages protoscoleces in vitro and is present in the
hydatid cyst. Parasite Immunol. 2006, 28, 347–355. [CrossRef]

21. Cicioglu Aridogan, B.; Kaya, S.; Sesli Cetin, E.; Tas, T.; Demirci, M. Evaluation of eosinophil cationic protein levels with clinical
symptoms and laboratory findings of patients with cystic echinococcosis. Mikrobiyol. Bul. 2009, 43, 285–292. [PubMed]

22. WHO InformalWorking Group. International classification of ultrasound images in cystic echinococcosis for application in
clinical and field epidemiological settings. Acta Trop. 2003, 85, 253–261. [CrossRef]

23. Gharbi, H.A.; Hassine, W.; Brauner, M.W.; Dupuch, K. Ultrasound examination of the hydatic liver. Radiology 1981, 139, 459–463.
[CrossRef]

24. Stojkovic, M.; Rosenberger, K.; Kauczor, H.U.; Junghanss, T.; Hosch, W. Diagnosing and staging of cystic echinococcosis: How do
CT and MRI perform in comparison to ultrasound? PLoS Negl. Trop. Dis. 2012, 6, e1880. [CrossRef] [PubMed]

25. Grüner, B.; Kern, P.; Mayer, B.; Gräter, T.; Hillenbrand, A.; Barth, T.E.F.; Muche, R.; Henne-Bruns, D.; Kratzer, W.; Kern, P.
Comprehensive diagnosis and treatment of alveolar echinococcosis: A single-center, long-term observational study of 312 patients
in Germany. GMS Infect. Dis. 2017, 5, Doc01. [CrossRef]

26. Breijo, M.; Anesetti, G.; Martínez, L.; Sim, R.B.; Ferreira, A.M. Echinococcus granulosus: The establishment of the metacestode is
associated with control of complement-mediated early inflammation. Exp. Parasitol. 2008, 118, 188–196. [CrossRef]

27. Siles-Lucas, M.; Casulli, A.; Cirilli, R.; Carmena, D. Progress in the pharmacological treatment of human cystic and alveolar
echinococcosis: Compounds and therapeutic targets. PLoS Negl. Trop. Dis. 2018, 12, e0006422. [CrossRef]

28. Liu, W.; Delabrousse, É.; Blagosklonov, O.; Wang, J.; Zeng, H.; Jiang, Y.; Wang, J.; Qin, Y.; Vuitton, D.A.; Wen, H. Innovation
in hepatic alveolar echinococcosis imaging: Best use of old tools, and necessary evaluation of new ones. Parasite 2014, 21, 74.
[CrossRef]

http://doi.org/10.1111/j.1365-3024.2006.00842.x
http://www.ncbi.nlm.nih.gov/pubmed/19621614
http://doi.org/10.1016/S0001-706X(02)00223-1
http://doi.org/10.1148/radiology.139.2.7220891
http://doi.org/10.1371/journal.pntd.0001880
http://www.ncbi.nlm.nih.gov/pubmed/23145199
http://doi.org/10.3205/id000027
http://doi.org/10.1016/j.exppara.2007.07.014
http://doi.org/10.1371/journal.pntd.0006422
http://doi.org/10.1051/parasite/2014072

	Introduction 
	Materials and Methods 
	Inclusion and Exclusion Criteria 
	Demographic Data 
	Interventions and Imaging 
	ECP Measurement 
	Statistical Analysis 

	Results 
	Eosinophilic Cationic Protein in Patients with Alveolar Echinococcosis 
	Eosinophilic Cationic Protein in Patients with Cystic Echinococcosis 

	Discussion 
	References

