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Abstract

Background: Human alveolar echinococcosis (AE) caused by Echinococcus multilocularis is an underreported, often
misdiagnosed and mistreated parasitic disease mainly due to its low incidence. The aim of this study was to
describe the epidemiological and clinical characteristics of human AE patients in Hungary for the first time.

Method: Between 2003 and 2018, epidemiological and clinical data of suspected AE patients were collected
retrospectively from health database management systems.

Results: This case series included a total of 16 AE patients. The mean age of patients was 53 years (range: 24–78 years). The
sex ratio was 1:1. Four patients (25%) revealed no recurrence after radical surgery and adjuvant albendazole (ABZ) therapy.
For five patients (31.3%) with unresectable lesions, a stabilization of lesions with ABZ treatment was achieved. In seven
patients (43.8%), progression of AE was documented. The mean diagnostic delay was 33months (range: 1–122months).
Three AE related deaths (fatality rate 18.8%) were recorded.

Conclusions: AE is an emerging infectious disease in Hungary with a high fatality rate since based on our results, almost every
fifth AE patient died in the study period. Differential diagnosis and appropriate surgical and medical therapy for AE is an urging
challenge for clinicians in Hungary, as well as in some other European countries where E. multilocularis is prevalent.
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Background
Human alveolar echinococcosis (AE) is one of the most dan-
gerous and potentially lethal parasitic zoonosis in the tem-
perate and arctic regions of Europe, which is caused by
Echinococcus multilocularis (Em), a small tapeworm belong-
ing to family Taeniidae [1]. Em develops into its adult form

in the small intestine of canid definitive hosts, mainly the red
fox (Vulpes vulpes) in Europe [2, 3]. To which extent dogs
may play a central role in transmitting AE infection to
humans in Europe, is still under debate [4, 5]. Infective Em
eggs are mainly released into the environment with the feces
of infected foxes and ingested by intermediate hosts, mainly
small rodents belonging to family Arvicolinae. Oncospheres
hatching from eggs penetrate the intestinal mucosa of Arvi-
colinae and migrate via portal venous and lymphatic circula-
tion into the capillary bed of the main target organ, namely
the liver. The oncospheres develop into a larval metacestode,
which slowly grows into an infiltrative parasitic tissue.
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Humans are dead-end intermediate hosts and may become
infected, similarly to small rodents, through the ingestion of
Em eggs from contaminated environment or matrices. Hu-
man AE is a rare disease associated with nonspecific symp-
toms and a long incubation period of several years.
Therefore, main drivers of Echinococcus spp. transmission
pathways (food-borne, water-borne or hand-to-mouth) and
the identification of potential risk factors are still under sci-
entific debate [4–6].
Clinical management of human AE patients is challen-

ging, even for experts. In humans, oncospheres established
in the liver develop as aggregated vesicles (appearing as
microcysts at imaging) and then evolving into a tumor-
like parasitic mass with locally invasive growth pattern,
mimicking malignancy. Histologically, AE-lesions are
characterized by necrosis with intermingled fragments of
the laminated layer surrounded by a granulomatous in-
flammation [3] (Fig. 1c; Fig. 2a). Initially, AE is often
asymptomatic, and the time from infection to the develop-
ment of a typical AE-liver lesion is 5 to 15 years in im-
munocompetent individuals. Diagnosis of AE is based on
clinical and epidemiological data, imaging techniques,
histopathology and/or nucleic acid detection and serology
[7]. Imaging techniques has a central role in the differen-
tial diagnosis and clinical management of human AE. In
particular, the importance of ultrasonography (US) in hep-
atic AE rely primarily in the opportunity for early diagno-
sis [8]. For further characterization of lesions and for

investigate extension of AE lesion to adjacent structures
and distant metastases, computed tomography (CT) and
magnetic resonance imaging (MRI) are useful [7, 9, 10].
During the past decades, several advanced classification
systems has been introduced to distinguish types of AE le-
sions based on different imaging characteristics adjusted
for conventional imaging techniques (US, MRI, CT) [8,
11–15]. For interdisciplinary treatment planning, staging
based on image findings according the WHO - Informal
Working Group on Echinococcosis (WHO-IWGE) PNM
classification is recommended [7]. Albendazole (ABZ) is
the first drug of choice for medical treatment and is
mandatory in all patients [16, 17]. Radical surgery, aiming
to completely remove all lesions including satellite (meta-
static) lesions followed by a two-year ABZ administration
is the standard treatment aiming for cure. The majority of
patients are inoperable and need long-term ABZ-
treatment [18, 19]. Interventional procedures should be
preferred to palliative surgery whenever possible, and rad-
ical surgery is the first choice in all cases suitable for total
resection of the lesion(s). Rescue liver transplantation is a
therapeutic option for AE patients with inoperable lesions
and/or chronic liver failure [7, 20].
In this context, our study aims to collect epidemio-

logical and clinical data on all human AE patients diag-
nosed in Hungary so far by means of retrospective case-
series analysis to present the consequences of parasite
spreading in previously AE free European countries and

Fig. 1 Patient No. 11. a Ultrasound image of alveolar echinococcosis (AE) lesion in the liver. b Axial T1 weighted MR image of the same AE lesion.
c Gross picture of the lesion removed by segmentectomy. d Microscopic appearance of the lesion: note the multiplex, slender, PAS positive LL of
the metacestode surrounded by abundant necrotic material (PAS). e Immunohistochemical staining using the monoclonal antibody Em2G11: the
antibody marks the laminated layer of Em (LL – red colored band-like structures)
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provide guidance to clinicians for the management of
this emerging helminthic infection in the future.

Methods
Case selection and inclusion criteria
A multicentre retrospective case-series analysis was conducted during
the study period from 01/01/2003 to 31/12/2018, describing the epi-
demiological and clinical characteristics of all patients with probable or
confirmed diagnosis of AE inHungary.
The Hungarian patients included in this study were

those who had positive serology for Em with one highly
sensitive (ELISA or IHA) and one highly specific (Western
blot) test and therefore fulfilled the clinical and laboratory
diagnostic criteria for probable or confirmed AE patient as
proposed by the WHO-IWGE [7]. A probable case was
defined as any patient with clinical and epidemiological
history, and imaging findings, and positive serology for AE
with two positive tests. A confirmed case was defined as
the above, plus i) histopathology compatible with AE and/
or ii) detection of Em nucleic acid sequence(s) in a clinical
specimen. Patient(s) who were serologically negative but
Em infection was unequivocally confirmed by histopatho-
logical methods were also included in this case series.

Epidemiological and serological data
Baseline demographic and clinical data were collected
from medical records from the database management sys-
tems of the following centres: National Public Health
Centre, National Reference Laboratory for Human Para-
sitic Diseases, Budapest, Hungary; Central Hospital of
Southern Pest National Institute of Hematology and Infec-
tious Diseases, Budapest, Hungary (MedSol); Semmelweis
University Department of Transplantation and Surgery,
Budapest, Hungary (Medsol); National Institute of Oncol-
ogy, Budapest, Hungary (MedWorks); Kaposi Mór Teach-
ing Hospital, Kaposvár, Hungary (eMedsol); Borsod-
Abaúj-Zemplén County Teaching Hospital, Miskolc,
Hungary (Medworks); Petz Aladár County Teaching Hos-
pital, Győr, Hungary (Hospitaly) and Jósa András County
Teaching Hospital, Nyíregyháza, Hungary (Helise).
Data regarding potential risk factors were collected by

means of questionnaires with dichotomous questions deliv-
ered to patients providing informed consent. The following
potential risk factors on human infection with Em were in-
vestigated: dog ownership, playing with dogs, have a kitchen
garden, farming occupation, did hay making in meadows not
adjacent to water, went to forests for vocational reasons, ate
unwashed strawberries, chewed grass, hunting, handling

Fig. 2 Patient No. 14. a Gross view of the resected right lobe of the liver shows heterogeneous solid mass lesion that contains externally budding
vesicles and calcified foci with a maximum diameter of a single vesicle around 10 mm. b, c, d Histopathological characteristics of Echinococcus
multilocularis lesion in the liver. Normal appearance of the liver is distorted. Severe inflammation is present around the necrotic liver tissue
(asterisk in b). This inflammatory infiltrate consists of lymphocytes and histiocytes. In some areas fragment of cuticular membrane is observed
within the necrotic area (arrowheads in b). This membrane displays the laminated layer as a tender band-like structure (arrowheads in d) with a
germinal layer (short arrows in c and d). Note the invaginated protoscoleces found within the vesicles (long arrows in c and d)
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foxes, consumption of wild vegetables and fruit [4], and pres-
ence of foxes at the place of residence.
Serological data were obtained from the Hungarian Ref-

erence Laboratory for Human Parasitic Diseases (National
Public Health Centre, Budapest, Hungary). Antibody titers
were first determined by a high-sensitivity ELISA test
(Hydatidosis ELISA, Vircell, Spain; Ridascreen Echinococ-
cus IgG, R-Biopharm, Germany) or indirect
hemagglutination test (Cellognost-Echinococcosis, Sie-
mens, Germany). As a second high-specificity confirma-
tory test, Western blot (Echinococcus Western blot IgG,
Ldbio, France) was applied [21].

Histopathology, immunohistochemistry, and molecular
analysis
Tissue sections from samples included core-biopsies,
surgical specimens and specimens from autopsies. Both
haematoxylin-eosin (H&E) and Periodic Acid Schiff
(PAS) staining were performed. Histological criteria for
diagnosis included the identification of multiple cysts, a
PAS positive slender (< 1 mm) laminated layer within
abundant necrotic areas, a tubular growth pattern ac-
companied by a granulomatous cell-reaction without
any definite fibrous capsule around the lesion [22]
(Fig. 1d-e, Fig. 2b-d). Further confirmation derived from
an immunohistochemical staining with the monoclonal
antibody Em2G11 (Ulm, Germany) [23] (Fig. 1e) or by
the detection of Em specific DNA by PCR method
(Wien, Austria). Cytological analysis of samples gained
by fine-needle aspiration biopsy was also carried out. Cy-
tology alone without further confirmatory tests such as
immunocytochemistry was regarded as inappropriate
method in diagnosing AE in this case series.

Clinical data and case follow-up
For detailed clinical analysis, we registered the date
(month, year) of the first symptoms and/or findings; the
initial symptoms; the first physical and laboratory findings;
the initial and final radiomorphological characteristics of
AE lesions investigated by conventional imaging methods
(US, CT or MRI) with the largest diameter of the lesions
in millimeters; the preliminary diagnosis; extrahepatic
localization of the parasite at first diagnosis; the date
(month, year) of diagnosis of probable or confirmed AE
(Table 1). The diagnostic delay in each identified patient
as the time period between the first symptoms/findings
and the recognition of AE was calculated. Treatment mo-
dalities were also analyzed. ABZ was given at a dose of
800mg per day in two divided doses continuously or
intermittently. Duration of ABZ administration were reg-
istered in months. In AE patients with resectable parasitic
lesion, curative surgical treatment followed the rules of
tumor surgery aiming to perform R0 resection without
any parasitic residue. Endoscopic and percutaneous

interventions (Table 2) and potentially immunosuppres-
sive co-morbidities were also recorded.
Clinical follow-up period was determined as the time

interval between the date of AE diagnosis and the date
of AE related or unrelated death or the endpoint of this
study (31/12/2018). In given cases, the WHO-IWGE
PNM classification [7] for AE was carried out based on
the initial and final imaging during the study period. We
registered AE associated complications including both
the sequelae of the natural course of the infection and
the consequences of pharmacological, surgical and/or
endoscopic interventions. With regards to the outcome,
course of AE lesions on conventional imaging was
assessed as follows: “recurrence/no recurrence” after
radical resection regardless of the duration of adjuvant
ABZ treatment, “regression” (decreased size or stable
size and declining symptoms or disappearance of former
complications such as cholestasis, cholangitis), “progres-
sion” (increase in size and/or extension to neighboring
organs and/or metastases or new clinical complications
due to the AE as cholestasis, need for ERCP-
intervention, cholangitis), “stabilization” (no change in
size of the lesions and no new complications such as
cholestasis and cholangitis) [19]. AE related death or AE
unrelated death was also used as clinical outcome cat-
egories. At the end of the study, assessment of AE le-
sions was done by conventional imaging and is given as
PNM re-staging (Table 1; Table 2).

Results
Epidemiological features
Between 2003 and 2018, a total of 16 patients of AE were
reported to the National Public Health Centre in Hungary.
Based on clinical and laboratory diagnostic criteria
(WHO-IWGE expert consensus), 10 were diagnosed as
confirmed (62.5%) and six as probable (37.5%) AE pa-
tients. The sex ratio was 1:1. The mean age of patients at
the time of first symptoms or findings related to AE was
53 years (range: 24–78 years). Patients originated from
rural areas (n = 7; 43.8%), suburban areas (n = 4; 25%), and
urban areas (n = 5; 31.3%). Data regarding potential risk
factors were collected from 12 out of 16 AE patients. The
following potential risk factors were recorded in our
series: have a kitchen garden (91.7%), went to forests for
vocational reasons (83.3%), dog ownership (66.7%), playing
with dogs (66.7%), consumption of wild vegetables and
fruits (66.7%), recognizing foxes at the place of residence
(58.3%), farming occupation (50%), eat unwashed straw-
berries (50%), did haymaking in meadows not adjacent to
water (16.7%), and chewed grass (16.7%).

Diagnostic features
Five patients (31.3%) were asymptomatic at first examin-
ation, and AE lesions were incidental imaging findings.
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Table 1 Diagnostic features of human alveolar echinococcosis cohort patients in Hungary (2003–2018)

case no. 1 2 3 4

onset of
symptoms or first
findings

09.2001 09.2003 focal hepatic lesions
during imaging studies

10.2004 08.2008

initial symptoms
and physical
findings

epigastric pain, vomitus asymptomatic, hepatomegaly epigastric and
right
hypochondriac
pain

jaundice, pruritus, right
hypochondriac pain

liver function
tests:
liver enzymes (U/
l); sebi (μmol/l)

normal – elevated GGT
(104)

elevated ALP (1254), GGT (570) and
sebi (202)

initial US/CT/MRI
(date)
radiomorphology
largest diameter
of AE
lesion(s) in mm

US (09.2001) – 15mm hyperreflective
area in SIV CT (03.2003) –echinococcal
cysts inboth lobes, number, size,
localization unknown

US (04.2005) and CT
(08.2009) – 10 typical
AE lesions in SIV, SV,
SVI, SVIII, 10–30 mm,
largest lesion 50mm

US (10.2004), CT
(11.2004) and MRI
(06.2005) – one
typical
AE lesion – 100
mm –in SV, SVI,
SVII, SVIII

US (08.2008) – typical central AE
lesion −110mm – in the
dichotomy of hepatic common
duct, SIV, SV

preliminary
diagnosis

echinococcosis liver tumor,
echinococcosis

liver tumor, HCC,
liver metastasis

liver tumor,
adenocarcinoma

serology
Westernblot
(Ldbio) P3 Em

positive positive positive positive

core biopsy/
surgical sample/
autopsy

– – core biopsy (2x)
surgical sample
(1x)

core biopsy during
PTC, surgical sample

histopathology/
IH/PCR

– – histopathology
and PCR

histopathology
and PCR

type of diagnosis probable probable confirmed confirmed

month.year of
diagnosis

04.2003 04.2004 07.2005 09.2008

latency of
diagnosis (in
months)

20 8 10 2

extrahepatic
localizationat the
time of diagnosis

no pulmonary lesion no pulmonary lesion peritoneal
dissemination
no pulmonary
lesion

no pulmonary lesion

PNM at diagnosis PxNxMx P1N0Mx P2N1Mx P3N0Mx

case no. 5 6 7 8

onset of
symptoms orfirst
findings

2002 asymptomatic
hepatic cyst; patient
denied investigations

11.2011 12.2012 11.2012

initial symptoms
andphysical
findings

right hypochondriac
pain, vomitus, anasarca,
palpable liver tumor
(12.2010)

right hypochondriac
pain, weightloss,
hepatomegaly

asymptomatic,
mild
hepatomegaly

asymptomatic

liver function
tests:
liver enzymes (U/
l);
sebi (μmol/l)

AST (177), ALT (177),
GGT (920), ALP (1152),
sebi (16)

GGT (105), ALP (543),
sebi (7,1)

GGT (335), ALP
(999),
sebi (7,3)

normal

initial US/CT/MRI
(date)
radiomorphology
largest diameter
of AE
lesion(s) in mm

US (12.2010) and CT
(01.2011) two
interconnected pseudocystic AE
lesionsin both lobes – 130mm and
120mm – dilatated intrahepatic
bileducts

US (11.2011) and CT
(12.2011) typical AE
lesion in SV, SVI −83mm –
and some
smaller lesions

CT (04.2013)
typical
AE lesion in right
lobe,
135 mm,
periportal biliary
and vascular

CT (11.2012) and MRI
(08.2014) multiplying small calcified
lesions in SV, SVI, SVII, SVIII
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Table 1 Diagnostic features of human alveolar echinococcosis cohort patients in Hungary (2003–2018) (Continued)

case no. 1 2 3 4

involvement
(right v.
portae, v.
hepatica
intermedia)

preliminary
diagnosis

metastasis, tumor, CE hemangioma, tumor, CE cholangiocellular
carcinoma

liver metastasis

serology
Westernblot
(Ldbio) P3 Em

positive equivocal positive negative (postoperatively 2x)

core biopsy/
surgical sample/
autopsy

parasitology and cytology from lesion
fluid (FNAB) negative

corebiopsy corebiopsy corebiopsy and surgical sample

histopathology/
IH/PCR

– histopathology histopathology histopathology andIH

type of diagnosis probable confirmed confirmed confirmed

month.year of
diagnosis

03.2011 01.2012 04.2013 10.2014

latency of
diagnosis (in
months)

111 1 5 24

extrahepatic
localizationat the
time of diagnosis

no pulmonary lesion no pulmonary lesion undignified
pulmonary
lesions

no

PNM at diagnosis P4N0Mx P2N0Mx P4N0Mx P1N0M0

case no. 9 10 11 12

onset of
symptoms or first
findings

10.2013 04.2012 02.2017 03.2017

initial symptoms
and physical
findings

right hypochondriac pain, urticaria right hypochondriac pain,
hepatomegaly

epigastric pain,
vomitus

right hypochondriac pain

liver function
tests:
liver enzymes (U/
l);
sebi (μmol/l)

ALP (125), GGT (86) normal normal elevated ALP

initial US/CT/MRI
(date)
radiomorphology
largest diameter
of AE lesion(s) in
mm

MRI (12.2015) and CT
(01.2016) 2 typical AE
lesions in the dichotomy of hepatic
veins; in SV/SIVB 55mm; in SVIII/IVA 53
mm

CT (04.2012) and MRI
(10.2012) typical AE
lesion in SIV 42mm

US (02.2017), CT
(02.2017) and MRI
(03.2017) two AE
lesions in SVIII 44
mm
and in SVII 12
mm

US (05.2017),
CT (05.2017) multiplex
AE lesions in both
lobes, 40 mm

preliminary
diagnosis

atypical rare malignancy liver
metastasis

hemangioma, adenoma, liver
tumor

hemangioma
cholangiocellular
carcinoma,
fibrolamellar
carcinoma

liver metastasis, sarcoidosis,
granulomatous hepatitis

serology
Westernblot
(Ldbio) P3 Em

positive positive Echinococcus
genus P5

positive

core biopsy/
surgical sample/
autopsy

– – (FNAB) and
surgical sample

corebiopsy (2x)

histopathology/
IH/PCR

– – IH histopathology

type of diagnosis probable probable confirmed confirmed
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In symptomatic cases, the most frequent clinical signs
were epigastric and/or right hypochondriac pain. Hep-
atomegaly, vomitus, weight loss and pruritus were ob-
served in six patients (37.5%), while palpable liver mass

was detected in one patient (6.3%). Further physical
signs were urticaria and anasarca. One patient (stage
P3N0Mx) had jaundice (sebi 202 μmol/l) at first presen-
tation (6.3%). Nine patients (56.3%) had elevated liver

Table 1 Diagnostic features of human alveolar echinococcosis cohort patients in Hungary (2003–2018) (Continued)

case no. 1 2 3 4

month.year of
diagnosis

01.2016 06.2016 05.2017 07.2017

latency of
diagnosis (in
months)

28 50 4 5

extrahepatic
localizationat the
time of diagnosis

no no no no

PNM at diagnosis P3N0M0 P1N0M0 P1N0M0 P2N0M0

case no. 13 14 15 16

onset of
symptoms orfirst
findings

09.2017 09.2016 04.2008 2008

initial symptoms
and physical
findings

right hypochondriac
pain, hepatomegaly

asymptomatic asymptomatic right hypochondriac
pain

liver function
tests:
liver enzymes (U/
l);
sebi (μmol/l)

elevated liver enzymes GGT (115) – –

initial US/CT/MRI
(date)
radiomorphology
largest diameter
of AE
lesion(s) in mm

US (10.2017), CT
(10.2017) typical AE
lesion in SV 80 mm

MRI (09.2016) 15 mm
wide hypodens area in right
lobe, CT (09.2017) and MRI
(11.2017) 75 mm typical AE
lesion in SV and SVIII,
dilatation of intrahepatic
bileducts

US (04.2008), CT
(07.2008) typical
AE
lesion in SV – 54
mm –and three
small calcified
lesions

US (2008) 20 mm hyperechoic liver
lesion, CT (10.2016) and MRI
(06.2017) 120 mm typical AE lesion
in right lobe (SV-VI-VIII)

preliminary
diagnosis

liver tumor cholangiocellular carcinoma,
Klatskin tumor

atypical hepatic
cyst

hemangioma, cystadenocarcinoma

serology
Westernblot
(Ldbio) P3 Em

positive positive positive positive

core biopsy/
surgical sample/
autopsy

-(FNAB 2x) surgical sample surgical sample
autopsy

surgical sample

histopathology/
IH/PCR

– histopathology histopathology histopathology

type of diagnosis probable confirmed confirmed confirmed

month.year of
diagnosis

12.2017 01.2018 05.2018 08.2018

latency of
diagnosis (in
months)

4 17 122 115 (+ 12)

extrahepatic
localizationat the
time of diagnosis

no pulmonary lesion subphrenic abscess, peribiliar
vascular invasion, no
pulmonary lesion

falciform
ligament, no
pulmonary lesion

no pulmonary lesion

PNM at diagnosis P4N0M0 P4N1Mx P4N1Mx P4N0Mx

E.m Echinococcus multilocularis, AE alveolar echinococcosis, CE cystic echinococcosis, v vena, d ductus, AST aspartate aminotransferase, ALT alanine
aminotransferase, GGT gamma-glutamyltransferase, ALP alkaline phosphatase, sebi serum bilirubin, US ultrasound, CT computer tomography, MRI magnetic
resonance imaging, IH immunohistochemistry using monoclonal antibody mAbEm2G11, PCR polymerase chain reaction, tx treatment, EPI endoscopic and
percutaneous interventions, ERCP endoscopic retrograde cholangiopancreatography, PTC percutaneous transhepatic cholangiography, PTD percutaneous
transhepatic drainage, FNAB fine needle aspiration biopsy, S liver segment, ABZ albendazole, HCC hepatocellular carcinoma
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Table 2 Therapeutic features of human alveolar echinococcosis cohort patients in Hungary(2003–2018)

case no. 1 2 3 4

antiparasitic drug tx
(duration in months)

– ABZ (3) 10.2004–12.2004 ABZ (162) continuously
since
07.2005

ABZ (12) 11.2008 –
01.2009 and 06.2016–
03.2017

surgery – – exploration –unresectable exploration,
fenestration, marsupialisation

EPI – – – PTD (2x), ERCP

follow-up period in
months

27 177 162 124

radiomorphology on
final control, largest
diameter of AE
lesion(s) in mm (date)

CT (04.2005) – pseudocystic AE
lesion in left lobe 49 mm, two
more AE lesions in right lobe, 35
mm and 24mm

US (09.2014) stabilization MRI (12.2018) stabilization US (12.2018) residual cavity
in SIV 70 mm, giant biloma
in porta hepatis

PNM at final imaging P1N0Mx P1NxMx P2N1Mx P3N0Mx

complications elevated GGT (136), ALP (621),
sebi (36,3)

– – central biliary obstruction,
cholangitis, biloma, bile-
leaking

outcome progression, AE unrelated death stabilization stabilization progression

case no. 5 6 7 8

antiparasitic drug tx
(duration in months)

– ABZ (5) 02.2012–07.2012 ABZ (67) continuously
since 06.2013

ABZ (24) postoperatively

surgery marsupialization, drainage extended right
hemihepatectomy

– segmentectomy

EPI ERCP – biliary stent implantation,
nasobiliary stent

– – –

follow-up period in
months

9 84 69 51

radiomorphology on
final control, largest
diameter of AE
lesion(s) in mm (date)

US (11.2011) residual cavity 45
mm, atrophy of right lobe

US (02.2018) no recurrence MRI (10.2018) and US
(10.2018), 109 mm

US (07.2018) no recurrence

PNM at final imaging P4N0Mx P0N0Mx P4N0Mx P0N0M0

complications central biliary obstruction, bile-
leaking, bilio-peritoneal fistula, in-
jury of bileducts during surgical
manipulation, cachexia

postoperative peritonitis,
haematoma, bile-leaking,
Kehr-drainage

v. cava inferior
compression

–

outcome progression, AE related death no recurrence stabilization no recurrence

case no. 9 10 11 12

antiparasitic drug tx
(duration in months)

ABZ (3) lowered dose
intermittently in 2016, finally
ceased

ABZ (30) continuously since
07.2016

ABZ (21) postoperatively ABZ (3) 09.2017–11.2017

surgery – – segmentectomy –

EPI – – – –

follow-up period in
months

36 30 20 18

radiomorphology on
final control, largest
diameter of AE
lesion(s) in mm (date)

MRI (10.2018), CT (10.2018) no
progression in liver, new
pulmonary micronodules
(09.2017)

MRI (11.2018) SIV 70 mm,
progression

MRI (06.2018), US
(10.2018) no recurrence

US (07.2018) AE lesion in left
lobe 65 mm, AE lesion in
right lobe 44 mm

PNM at final imaging P3N0Mx P1N0Mx P0N0Mx P2N0Mx

complications ABZ hepatotoxicity and allergic
reactions, undignified pulmonary
microlesions

– – –

outcome stabilization progression no recurrence progression

case no. 13 14 15 16
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enzymes (ALP and GGT). Imaging studies (US, CT,
MRI) revealed typical hepatic AE lesions in 14 patients
(87.5%). In one probable patient, two interconnected AE
pseudocystic lesions were detected in both lobes with
130 mm and 120mm in diameter. In one confirmed pa-
tient, multiple small calcified lesions were identified [22].
Hepatic localization of the parasite and environmental
parasitic infiltration at the time of diagnosis was observed
in 15 patients (93.8%). The disease stage was P1 in four
(25%), P2 in three (18.8%), P3 in two (12.5%) and P4 in six
patients (37.5%). Extrahepatic involvement of neighboring
organs (N1) was detected in three patients (18.8%). Sub-
phrenic abscess (n = 1; 6.3%), dissemination along falci-
form ligament (n = 1; 6.3%) and dissemination along
omental peritoneum (n = 1; 6.3%) were present. The ab-
sence or presence of distant metastasis was completely
evaluated only in six patients (37.5%). Distant metastasis
was not found either of these patients M0 (n = 6; 37.5%).
Pulmonary metastasis at the time of diagnosis was ex-
cluded in 15 patients (93.8%). Based on radiological find-
ings, the following preliminary diagnoses were made:
echinococcosis, cystic echinococcosis, liver metastasis, sar-
coidosis, granulomatous hepatitis, haemangioma, hepato-
cellular adenoma, hepatocellular carcinoma, intrahepatic
cholangiocarcinoma, cystic neoplasm of the liver and
fibrolamellar carcinoma. Based on histopathological

findings, the following preliminary diagnoses were made:
granulomatous hepatitis, chronic hepatitis with fibrosis,
helminthosis and echinococcosis. In 10 patients confirmed
by histology, protoscoleces or hooklets were evident in
two patients (20%) (Fig. 2c-d). In four patients (25%), im-
munohistochemistry (n = 2; 12.5%) and polymerase chain
reaction (n = 2; 12.5%) were used to confirm diagnosis.
Em antibodies were detected in 13 out of 16 patients
(81.3%). Diagnostic delay ranged from 1 to 122months
(mean diagnostic delay: 33months) (Table 1).

Therapeutic features
Thirteen out of 16 AE patients (81.3%) received ABZ.
Three patients (18.8%) received no ABZ treatment due
to misdiagnosis (Table 2). During the whole study
period, five AE patients (31.25%) received a daily dose of
800 mg uninterrupted ABZ treatment from the time of
diagnosis because of multiple and/or extended unresect-
able AE lesion(s). In one patient (6.3%), AE was recog-
nized in an advanced stage (P4N1Mx), and the patient
died after 3 months of treatment. One unresectable pa-
tient (6.3%) was treated with ABZ for a total of 12
months with long interruptions during his 124 months
follow-up period. Three patients (18.8%) with unresect-
able AE lesion(s) received ABZ treatment for less than
4 months from the time of diagnosis. Causes of ceasing

Table 2 Therapeutic features of human alveolar echinococcosis cohort patients in Hungary(2003–2018) (Continued)

case no. 1 2 3 4

antiparasitic drug tx
(duration in months)

ABZ (12) continuously since
01.2018

ABZ (12) continuously since
01.2018

ABZ (3) 06.2018–09.2018 –

surgery – right hemihepatectomy,
exstirpation of d.
choledochus and
cholecystectomy,
hepaticojejunostomia

explorative laparotomy right hemihepatectomy,
exstirpation of d.
choledochus and
cholecystectomy,
hepaticojejunostomia

EPI – ERCP ERCP (2x), stent
implantation (2x)

ERCP, stent implantation,
PTD (2x)

follow-up period in
months

13 12 5 1

radiomorphology on
final control, largest
diameter of AE
lesion(s) in mm (date)

MRI (10.2018) AE lesion in SV 79
mm

CT (10.2018) no recurrence US (05.2018) 120 mm AE
lesion occupying left lobe,
ascites, dilatated
intrahepatic bileducts

–

PNM at final imaging P4N0Mx P0N1Mx P4N1Mx P0N0Mx

complications thrombosis and parasitic
infiltration of right v. portae,
compression of d. hepaticus
dexter

leukopenia, hairloss,
haematoma in residual left
lobe (32 mm) and
undignified pulmonary
microlesions

compression of d.
hepaticus communis,
peritonitis, cholangiogen
sepsis

compression of d. hepaticus
communis, abscessus
hepatis, liver insufficiency,
septic shock

outcome stabilization no recurrence progression, AE related
death

progression, AE related
death

E.m Echinococcus multilocularis, AE alveolar echinococcosis, CE cystic echinococcosis, v vena, d ductus, AST aspartate aminotransferase, ALT alanine
aminotransferase, GGT gamma-glutamyltransferase, ALP alkaline phosphatase, sebi serum bilirubin, US ultrasound, CT computer tomography, MRI magnetic
resonance imaging, IH immunohistochemistry using monoclonal antibody mAbEm2G11, PCR polymerase chain reaction, tx treatment, EPI endoscopic and
percutaneous interventions, ERCP endoscopic retrograde cholangiopancreatography, PTC percutaneous transhepatic cholangiography, PTD percutaneous
transhepatic drainage, FNAB fine needle aspiration biopsy, S liver segment, ABZ albendazole, HCC hepatocellular carcinoma
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therapy were drug-related hepatotoxicity, allergic reac-
tions, virtual stabilization of AE lesions and propagation
of liver lesions (with supposed uneffectivity of ABZ
treatment). Four patients (25%) received adjuvant ABZ
therapy following removal of AE lesion(s) by radical (R0)
liver surgery. Four patients (25%) received an incomplete
concomitant ABZ treatment with a total of 5 months
duration (Table 2).
Surgery was performed in nine out of 16 AE patients

(56.3%). The timely diagnosis of AE, as a major impact on
choosing the proper method of surgical intervention, was
only confirmed in one out of the nine patients (6.3%). In
three patients (18.8%), explorative laparotomy was carried
out for diagnostic purposes to assess resectability and gain
tissue-sample for histopathological analysis. Unresectability
was detected in three patients (18.8%) due to extrahepatic
peritoneal dissemination (n= 1; 6.3%), central localization
compressing ductus hepaticus communis (n = 1; 6.3%) and
peritoneal dissemination and also the compression of ductus
hepaticus communis (n = 1; 6.3%). Radical resection aiming
to excise the entire parasitic lesion with safety margin (R0)
were done in five patients (31.3%) as follows: extended right
hemihepatectomy with feeding catheter jejunostomy (n= 1;
6.3%), right hemihepatectomy with hepaticojejunostomy
(n= 2; 12.5%) and segmentectomy (n = 2; 12.5%). In two pa-
tients (12.5%) fenestration and marsupialisation of AE le-
sions, as palliative methods were performed.
Endoscopic-retrograde-cholangio-pancreatography was

performed in five patients (31.3%) because of AE associ-
ated biliary obstruction. Endoscopic biliary stents were
placed five times in three patients. In one patient, nasobili-
ary stent placement was also necessary to facilitate bile
passage. A total of four percutaneous transhepatic drain-
age of AE lesions in two patients were performed. Among
the five patients (31.3%) who needed endoscopic and/or
percutaneous interventions, the following stages were de-
termined at diagnosis: P4N1Mx (n = 2; 12.5%), P4N0Mx
(n = 2; 12.5%); P3N0Mx (n = 1; 6.3%) (Table 1; Table 2).

Outcome
Clinical follow up period ranged from 1 to 177 months
(mean 52.4 months). Because of misdiagnosis, the prob-
able first documented Hungarian AE patient was left un-
treated. Based on the laboratory findings, AE
presumably progressed but lack of pathological investi-
gations did not allow to draw any conclusion on this
very first patient. In four patients (25%), no recurrence
of AE was detected after radical surgery and concomi-
tant ABZ treatment. In these patients, disease free
period from curative surgery to the date of final imaging
ranged from 10 to 74months. Stabilization of AE lesions
with continuous ABZ treatment was achieved in three
(60%) out of five patients with unresectable lesions. One
probable AE patient with multiple hepatic AE lesions

received ABZ treatment for only 3 months. Ten years
later, no progression was detected despite the lack of
continuous ABZ therapy. In one probable and unresect-
able patient intermittent low dose (2 × 100 mg per day)
of ABZ therapy had to be ceased because of drug-related
hepatotoxicity and allergic reactions. After 26 months
without treatment, hepatic AE lesions stabilized, but pul-
monary microlesions emerged. Unfortunately, the pa-
tient was permanently supported with hydrocortisone
for hypadrenia, which may have influenced the course of
AE. Progression of AE during the study period was proved
in seven patients (43.8%). In our series, progression was not
generally accompanied with PNM upstaging of cases but in-
creasing size of AE lesion(s) and/or worsening clinical condi-
tion directly related to AE. In two (33.3%) out of six patients,
short-term or interrupted ABZ treatment is a plausible ex-
planation for progression. In one case, the size of AE lesion
increased beside adequate continuous ABZ treatment. In this
patient, disseminating malignant neuroendocrine tumor with
liver metastases was diagnosed and simultaneously treated
with a probable liver AE lesion. Malignancy, administration
of somatostatin analog sandostatin, targeted radionuclide
therapy and classical radiotherapy, may play a role in the
course of AE as immunocompromising factors. We regis-
tered three AE related deaths (18.8%) in our study. In patient
No. 5 (P4N0Mx), giant pseudocystic AE was presumably
misdiagnosed as abscessing CE. Endoscopic Retrograde Cho-
langiopancreatography (ERCP), stent implantation, surgical
marsupialisation and drainage were performed. Central bil-
iary obstruction, bilioperitoneal fistula, injury of bile ducts
with subsequent bile leaking, complete lack of ABZ treat-
ment, cachexia and advanced age were possible factors con-
tributing to death. In patient No. 15 (P4N1Mx), imaging
studies and explorative laparotomy revealed a central unre-
sectable AE lesion (120mm) occupying the left lobe and
compressing the common hepatic duct with ascites and
parasitic invasion along the falciform ligament. AE was con-
firmed by histopathology from the surgical sample. Periton-
itis and cholangiogen sepsis were the causes of death in this
advanced case. In patient No. 16 (P4N0Mx), imaging studies
revealed a 120mm AE lesion misdiagnosed as cystic echino-
coccosis, abscess or tumor of the liver occupying the right
lobe and compressing the common hepatic duct. ERCP, bil-
iary stent implantation, repeated percutaneous transhepatic
drainage and finally right hemihepatectomy were performed
with hepaticojejunostomy. Postoperative bleeding, liver fail-
ure and septic shock led to the death of the patient. AE was
confirmed by histopathology postoperatively from surgical
sample. Mean diagnostic delay in the three lethal AE patients
was around 10 years (116months) (Table 1; Table 2).

Discussion
By the end of the 1980s, the “historic endemic area”
where Em was known to occur in foxes was composed
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by four countries (Austria, France, Germany and
Switzerland) from Central and Western Europe [24, 25].
In these countries nowadays, the majority of AE patients
have a nearly-normal life expectancy and a good quality
of life while treated according to WHO-IWGE guide-
lines [26–28]. The subsequent increased emergence of
Em in European red foxes has been traced back to the
increase in fox population size due to antirabies vaccin-
ation, change of human attitudes towards foxes and
other ecological factors [25]. Examination of foxes per-
formed since 1989 revealed that the European endemic
area of Em is much larger than previously assumed, and
cases of human AE have been described in countries pre-
viously not recognized as endemic. Out of the European
“historic endemic area”, confirmed and presumably au-
tochthonous human AE cases were reported in Belarus,
Belgium, Croatia, Czech Republic, Lithuania, Latvia,
Poland, Romania, Slovenia, Slovakia, The Netherlands and
Hungary [29–31]. Regarding countries adjacent to
Hungary, the first human AE cases were detected in
Romania in 1999 [32, 33], Slovakia in 2004 [34], Slovenia
between 2001 and 2005 [35] and Croatia in 2014 [36].
In Hungary, Em was first recorded in red foxes near to

the Hungarian-Slovak border in the Northern Mountain
Range in 2002 [37]. After the first confirmation of this
parasite in Hungary, further studies were carried out to
determine the burden of this parasitic infection in the
major wild definitive host, the red fox. Between 2008
and 2019, Em was detected in 18 out of the 19 Hungar-
ian counties, comprising Budapest, with an average

prevalence of 7.6% in 3265 analyzed red foxes ([38, 39],
unpublished). Highest prevalence was detected in the
North-Western half of the country (Fig. 3) [38, 39]. As
reported in Fig. 3, the spatial distribution of Em in foxes
was highly clustered. This spatial distribution pattern of
the parasite can be explained by environmental factors.
In fact, the mean annual temperature and the annual
precipitations resulted as major statistically significant
determinants for the spatial distribution of Em in foxes
in Hungary [39]. These results can be attributed to the
sensitivity of Em eggs to high temperature and desiccation
[40]. Similar relationships with temperature or precipita-
tion and Em infection of foxes or water voles were also
observed in France, Germany and Switzerland [41–44]. As
a consequence of the fox population increase and change
of human behavior, red foxes inhabited urban and subur-
ban areas in Hungary [45] as in other Central European
countries [46], increasing the risk of human AE infections.
Moreover, golden jackals (Canis aureus) have also been
identified as definitive hosts in Hungary [47, 48]. Data re-
garding occurrence of the parasite in intermediate hosts in
Hungary are scarce [31]. During a veterinary surveillance
study on echinococcosis in livestock conducted between
2015 and 2018, three swine were found to be infected with
Em in Hungary, suggesting that swine cases may be
regarded as indicators of the environmental contamin-
ation by Em eggs [49].
Regarding human echinococcosis in Hungary, cystic

echinococcosis (CE) caused by E. granulosus sensu lato
is a well-known parasitic disease since the nineteenth

Fig. 3 Spatial distribution of 16 AE human cases (stars) and that of 247 red foxes (Vulpes vulpes) (dots) infected with Echinococcus multilocularis
out of 3265 foxes examined between 2008 and 2019. The darkness of the dots reflects the intensity of infection in foxes (light grey: < 10 worms;
grey: 1–100 worms; black: > 100 worms) Aapproximately 4% of the fox population of each county was sampled
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century. In fact, CE is the most prevalent reportable zoo-
notic helminthosis in Hungary, which is endemic in sev-
eral regions with considerable disease burden [50]. In
contrast, despite the prevalence of Em in foxes, the first
confirmed human AE patient in Hungary was reported
only in 2008 [51], and the first confirmed autochthonous
human AE case was described in 2016 [22]. Herein we
reported further 14 AE cases. The limitation of our
study may rely on sampling bias, possibly underestimat-
ing AE cases. In fact, vast majority of our case series
(94%) were collected from the official registry of Na-
tional Public Health Centre, which is only based on sero-
positivity for Em. Inadequacies in the reporting system
[50] have resulted in the lack of reporting of seronega-
tive AE cases, which might had been diagnosed exclu-
sively by histopathology. Therefore, we cannot exclude
that the true number of AE cases might have been
higher in Hungary in the past decade. A matter of de-
bate whether the emergence of human AE in Europe is a
consequence of the expansion of the classical endemic
area through increasing number of fox populations and
consequently infected animals or the result of improved
awareness and better availability of diagnostic tools. In
Hungary, the spread and emergence of Em could be ob-
served in both animals and humans in the past two de-
cades [37–39, 47–49]. Our results showed that the
residence of human AE patients overlaps the geograph-
ical distribution of Em infected red foxes in Hungary
(Fig. 3), suggesting that the majority of human cases
may be autochthonous. The majority of AE patients
(n = 11; 68,8%) originated from rural or suburban areas,
which is in line with the observations by other re-
searchers [46] and supporting the hypothesis that living
in rural areas may be a proxy for environmental contam-
ination and a driver for AE infection [4]. Regarding
other main potential risk factors, almost three quarters
of the patients had kitchen garden or visited forests for
vocational reasons.
The incidence of human AE is low in Hungary and it is

often misdiagnosed as CE, liver abscess or malignancy of
the hepatobiliary tract, and most of the patients are only
recognized in an advanced and unresectable stage. Six pa-
tients (37.5%) were diagnosed with hilar extension of the
parasite (P4) and lethality reached 50% in this subgroup.
PNM system is useful for AE treatment according WHO-
IWGE and assessing prognosis. Retrospective application
of PNM has made our results partially comparable on an
international level [19]. Unfortunately, 18F-FDG-PET/CT,
which has found to be useful in the follow-up of AE [52–
54], is currently not covered by the health insurance sys-
tem for patients with non-malignant conditions in
Hungary. Furthermore, the lack of complete and detailed
CT imaging data did not allow an advanced typing of AE
lesions, like EMUC-CT classification [13, 55].

Diagnosis of AE was often delayed (mean diagnostic
delay was 33months in this series) because of misdiag-
nosis. Hepatobiliary malignancies, especially intrahepatic
cholangiocarcinoma (ICC) were frequent misdiagnoses
in our AE series. Enhancement pattern and matrix calci-
fications are the only imaging criteria with a high dis-
criminating power between AE and ICC. During
imaging evaluation, the combined presence of no or sep-
tal enhancement and calcification ensures 100% specifi-
city for AE [56]. In our series, no or septal enhancement
and/or calcification were detectable during preliminary
imaging evaluation (CT and MRI) in 11 out of 16 pa-
tients (68.8%), which would have allowed the radiologists
to distinguish AE from ICC. Non-malignancies such as
CE are also pitfalls during differential diagnosis, not
allowing further investigations and contributing to diag-
nostic delay [57]. We emphasize that the awareness of
specific imaging characteristics of AE could help to re-
duce diagnostic delay and accelerate the introduction of
antiparasitic drug treatment. In most patients, diagnostic
uncertainty or missing histological confirmation led to
short-term/interrupted or complete lack of ABZ treat-
ment and to inappropriate surgical interventions, includ-
ing radical liver surgery with severe complications,
which is in line with previous observations made by
other researchers [57]. Endoscopic and percutaneous in-
terventions were generally used in defined advanced AE
patients. We registered three lethal cases of human AE
in our study (fatality rate 18.8%). Since 2005, only three
lethal cases caused by autochthonous parasitic infections
have been recognized in Hungary, all of them were in-
volved in this series. Misdiagnosis or diagnostic delay may
have brought to an inadequate treatment of these three AE
cases, resulting in an increased death rate due to palliative
surgery or lack of proper medical treatment [58, 59]. In fact,
before the advent of medical treatment with benzimidazoles,
fatality rate exceeded 90% of AE cases within 10–15 years
from diagnosis [60]. The major current causes of death due
to AE are either septic shock, liver failure, complications after
major liver surgery and complications due to secondary bil-
iary cirrhosis [9, 61–63].

Conclusions
We conclude that AE is currently the most dangerous hu-
man parasitic infection in Hungary. Our results highlight
the need of early differential diagnosis supported by accur-
ate imaging evaluation and if serology is not conclusive,
additional core-biopsies from progressive liver lesions for
histopathological analysis are needed. Histology is a corner
stone to distinguish AE from malignancies, bacterial liver
abscess and CE, which is also endemic and much more
prevalent in Hungary than AE [64]. Early diagnosis and
staging of AE allow applying evidence-based treatment
methods according to WHO-IWGE and may increase
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cure rates [28]. ABZ lifelong treatment prevents disease
progression and leads to a favorable outcome in most pa-
tients. Stage-specific treatment avoids inadequate/palliati-
veinterventions and potential complications associated
with these procedures [61]. The course of AE in immuno-
suppressed patients needs further observations and precise
evaluation [65]. As the results of this study indicate, there
is an urgent need for the education of physicians in the
diagnosis and clinical management of AE in Hungary and
in other newly endemic European countries. This is very
important since in historic endemic European countries it
has been shown a favorable outcome of AE-patients with
adequate treatment.
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