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A B S T R A C T   

A cross-sectional systematic sampling was carried out during three consecutive winters from 2012 to 2015, to 
update the knowledge on the fox tapeworm (Echinococcus multilocularis) distribution in the red fox (Vulpes vulpes) 
in Flanders. Earlier studies reported the low endemicity status of this tapeworm in the northern region of 
Belgium, in contrast to the south of the country and neighbouring countries. Using a modified Segmental 
Sedimentation and Counting Technique, followed by PCR-RFLP and sequencing, 923 foxes' intestines were ex-
amined for the presence of E. multilocularis. Based on microscopic examination, 38 out of 923 foxes were sus-
pected to be infected with either E. multilocularis or Amoebotaenia spp., of which 19 were molecularly confirmed 
to be E. multilocularis, 18 were found positive for Amoebotaenia spp. and one was negative. The overall pre-
valence for E. multilocularis of 2.1% confirms the low endemicity of the fox tapeworm in Flanders. However, in 
one area in the most eastern part of Flanders (Voeren), neighbouring the Netherlands and Wallonia, a prevalence 
of 57% (12/21) was observed. Continuous monitoring of the fox tapeworm remains needed to assess spatio- 
temporal trends in distribution and to assess the risk of this zoonotic infection in Europe. The challenging 
differential diagnosis of E. multilocularis and Amoebotaenia spp. based on microscopic examination calls for at-
tention.   

1. Introduction 

Echinococcus multilocularis is a small cestode, of which the red fox 
acts as the main definitive hosts and several species of rodents as in-
termediate hosts in Europe (Eckert et al., 2001; Hanosset et al., 2008;  
Romig et al., 2017). Humans may become accidental dead-end inter-
mediate hosts upon ingestion of eggs. Human alveolar echinococcosis 
(AE) caused by infection with the metacestode stage of E. multilocularis, 
is a potentially lethal zoonosis (Oksanen et al., 2016). 

Although the incidence of human infection is low in Europe, 
0.02–0.18 cases/100,000 inhabitants (Torgerson et al., 2010), the 
zoonotic potential of the fox tapeworm, in terms of persistence and 

pathogenicity, poses a major threat to human health (Combes et al., 
2012). 

In Belgium, the incidence of AE has remained stable, around one 
case per year during the last two decades, with most cases originating 
from the Southern part of Belgium (Detry et al., 2005; Kern et al., 2003;  
Keutgens et al., 2013; Litzroth and Truyens, 2015). However, one case 
was found in an urban dweller of the capital city of Brussels (Landen 
et al., 2013). In red foxes, E. multilocularis was first reported in the most 
southern province of Belgium (Brochier et al., 1992). Losson et al. 
(1997) reported that 51% (95%CI: 42.6–59.4%) of the red foxes in the 
same province were infected, while more recent studies in the same 
region conveyed a prevalence ranging between 20.2% (95%CI: 
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17.3–23.3) and 24.6% (95%CI: 22.4–27.9%) (Hanosset et al., 2008;  
Losson et al., 2003). In Flanders, the northern region of Belgium, a first 
screening in 1996–1999 reported a much lower prevalence of 1.7% 
(95%CI: 0.5–4.3%) (Vervaeke et al., 2003) and a study in 2007–2008 in 
the Brussels and Flanders regions showed that none of the 187 sampled 
foxes were positive (Van Gucht et al., 2009). 

Since Flanders is a potential expansion region for the fox tapeworm 
in Europe, close monitoring of trends in distribution and prevalence is 
needed. The objective of this study was to map the presence of E. 
multilocularis in the red fox in Flanders. 

2. Materials and methods 

The study region, Flanders (i.e. northern Belgium), covers an area of 
13,522 km2 with a population density of 484 people/km2 (https:// 
www.statistiekvlaanderen.be/nl/bevolking-omvang-en-groei). Flanders 
has a maritime temperate climate with significant precipitation in all 
seasons. Since 2000, the whole territory of Flanders is colonised by 
foxes (Vervaeke et al., 2003). The average density of the red fox po-
pulation is estimated at 1–2 adults/km2 in Flanders (Van Den Berge, K., 
personal communication). 

A cross-sectional systematic sampling was carried out in the 
Flanders region by the Agency for Nature and Forests, from September 
to January during three consecutive winters in 2012–2015 (fox hunting 
season from October to February) with the aim to collect 900 foxes in 
total. Networks of hunters were involved in the collection of culled red 
foxes and a total of 925 fox carcassess were collected in the study 
period, with a range of 303 to 316 foxes per winter (evenly sampled 
over every hunting area). Each fox carcass was assigned an identity 
number and sealed in a double plastic bag. Within 24 h, the carcass was 
frozen at −80 °C for at least one week to inactivate the parasite's eggs 
and reduce the risk of infection during handling and examination 
(Eckert et al., 2001). Next, after thawing, necropsy was performed and 
the intestinal pack was ligated at both ends, removed from the carcass, 
properly identified and kept at −20 °C until examination. 

The Segmental Sedimentation and Counting Technique (SSCT) va-
lidated by the French National Reference Laboratory (NRL) for the 
detection of Echinococcus spp. (Umhang et al., 2011), was adapted and 
optimized to reduce debris, concentrate the sample and reduce micro-
scopic reading time. Compared to the SSCT, an additional sieving step 
was included at the beginning of the protocol, employing a 50 μm mesh 
(procedure validated by the Belgian National Reference Laboratory 
(NRL) and confirmed by the European Reference Laboratory for Para-
sites (EURLP) through participation in proficiency testing). The mate-
rial collected after rinsing the fox intestines is collected, poored through 
the 50 μm mesh sieve and rinced througoughly. The content of the 
sieve, together with the remaining and additional rinsing water of the 
sieve is collected in Erlenmeyer flasks and afterwards examined with a 
stereoscope. 

Differential diagnosis with Amoebotaenia spp. was done based on 
morphological characteristics: worm size, the shape and number of 
hooks on the scolex and the number and shape of the proglottids 
(Fig. 1) (French National Reference Laboratory (NRL) for Echinococcus 
spp. (Anses)). 

A maximum of five cestodes per fox (depending on the number of 
cestodes found), morphologically identified as E. multilocularis, as well 
as Amoebotaenia spp. and doubtful findings, underwent DNA extraction 
using the Boom extraction method (Boom et al., 1990). In the pre-PCR, 
DNA extract was added to Promega PCR master-mix and amplification 
of a mitochondrial 12S rDNA fragment was done utilizing a semi-nested 
PCR (Geysen et al., 2007). Restriction fragment length polymorphism 
(RFLP) (Alu I and Hinf I) was used to differentiate Echinococcus spp. 
(Tigre et al., 2016). Samples with non-specific bands were considered 
suspect of Amoebotaenia. Three PCR-RFLP products were sent for se-
quencing to VIB Genetics Service Facility: one with a pattern specific for 
E. multilocularis, one with a small deviation in the pattern for E. 

multilocularis and one with a pattern specific for Amoebotaenia. Results 
were processed using GeneStudio and blasted with NCBI. All data were 
entered and analysed in Microsoft Excel. Distribution maps were drawn 
using QGIS. 

3. Results 

From the 925 collected fox carcasses, two were excluded from fur-
ther analysis due to degradation. In 38 out of 923 foxes, small cestodes 
were observed upon microscopic examination (Table 1). 

Of the 19 (out of 38) microscopically identified E. multilocularis 
infected foxes, only 17 could be confirmed molecularly (Table 2). The 
number of worms found in one infected fox varied from only one to 
over 10,000. One of the two remaining samples showed an Amoebo-
taenia spp. suspect molecular profile (see further). For the second one, 
neither Echinococcus spp. nor Amoebotaenia spp. could be confirmed. 

Upon microscopic examination, seven of the 38 foxes appeared to 
have a mixed E. multilocularis/Amoebotaenia spp. infection, but this 
could not be confirmed by molecular analysis. Yet, PCR-RFLP con-
firmed the presence of E. multilocularis in two (2 and 33 worms found) 
and an Amoebotaenia spp. suspected profile in five of these samples 
(Table 2). 

The remaining 12 samples (out of 38), on microscopic examination 
being suspected as infected with Amoebotaenia spp., showed non-spe-
cific bands in RFLP. Eleven of these had a profile similar to that of 
Amoebotaenia spp.. However, we were not able to molecularly confirm 
this as no 12S sequences of Amoebotaenia are deposited in Genbank. 
One sample gave unclear results upon molecular testing, yet, sequen-
cing revealed a moderate agreement with Mesocestoides corti genome 
assembly (query cover 99%, identical 79%) although the sequence itself 
was not known in NCBI. 

Therefore, overall, 19 samples were confirmed as E. multilocularis (6 
in 2012–2013, 8 in 2013–2014 and 5 in 2014–2015), resulting in an 
overall prevalence of E. multilocularis for all examined samples of 2.1% 
(95%CI: 1.2–3.2%). 

The geographical distribution of the negative and positive samples 
with respect to the commune of origin during the entire study period is 
presented in Fig. 2. For 8 of the 923 foxes the commune of origin was 
unknown (all negative for E. multilocularis). Many positive foxes were 
recorded in Voeren, a commune in the most eastern part of Limburg 
province, bordering Wallonia (i.e. southern Belgium) and the Nether-
lands. Here, 12 of the 21 investigated foxes were positive (57.1%, 
95%CI 34–79.2%) (Zoomed area in Fig. 2). When excluding the results 
of this one commune, the overall results for the Flanders Region yield a 
prevalence of 0.8% (95%CI: 0.3–1.6%). 

4. Discussion 

This is the first and largest study on E. multilocularis prevalence in 
systematically sampled red foxes in Flanders with molecular con-
firmation of positive cases. As compared to the study of Vervaeke et al. 
(2003), our results confirm that Flanders is a region of low endemicity 
and no increase in prevalence of E. multilocularis in red foxes has oc-
curred over the past ten years. We found an overall prevalence of 2.1% 
for E. multilocularis in red foxes in Flanders, with mostly single infec-
tions per commune except for one commune with a high prevalence in 
the most eastern part of the region (Voeren). In neighbouring regions, 
E. multilocularis has been detected in red fox (prevalence in Southern 
Belgium 19%, Northern France 7%, Luxembourg 17% and the Nether-
lands 18% and no data from Germany) (data from 2000 onwards) 
(Oksanen et al., 2016). In foxes east of Maastricht, The Netherlands, a 
very high prevalence of 59% was detected in 2013 (van der Giessen and 
Claes, 2016). From these data, it is clear that Belgium has a lower, 
stable prevalence of E. multilocularis compared to the neighbouring 
regions (Oksanen et al., 2016). But there is evidence of the emergence 
of a new hot spot area of E. multilocularis in the eastern border zone of 
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Belgium with the Netherlands. 
We therefore conclude that the parasite is not spreading from the 

highly endemic South and East, which contrasts the predictions made 
by Vervaeke et al. (2006). Furthermore, prevalance is increasing in 
other European countries such as Germany (pooled prevalence of 
13.8% from 1973 to 2000 and 29.2% from 2000 to 2012) and Poland 
(pooled prevalence of 2% from 1994 to 2000 and 14.8% from 2000 to 

2014) (Oksanen et al., 2016). Only in the most eastern part of Flanders 
(Voeren), a high prevalence was observed. This area borders directly to 
highly endemic regions of Wallonia and the Netherlands and is very 
close to the German border. 

We hypothesize that the persisting low prevalence of E. multi-
locularis in northern Belgium, despite a stable fox population (personal 
communication Van Den Berge, Koen, INBO (Research Insitute Nature 
and Forest) and a highly endemic neighbouring region, is due to a 
combination of geographical, climatic and biological factors, affecting 
both the survival of parasite eggs in the environment and the trans-
mission. In contrast to the highly endemic Wallonia region, Flanders 
has a lower altitude (0–100 m above sea level vs. 400–700 m), milder 
climatic conditions, less rainfall, less coverage by forest and a different 
nature and utilization of the soil. These factors may be responsible for a 
shorter survival time of eggs in the environment (Eckert et al., 2001). 
Within the southern part of Belgium, a higher fox tapeworm prevalence 
was reported in dense forested and high-altitude areas in the Ardennes 
as compared to lower altitude areas (Hanosset et al., 2008; Losson et al., 
2003). 

Another reason for the disparity in prevalence in the Belgian regions 
may be related to the presence and densities of the natural intermediate 
hosts and the predator-prey relationship between red foxes and those 

Fig. 1. Morphological differentiation between Echinococcus multilocularis (A,B) and Amoebotaenia sp. (C,D) based on worm size, the shape of and the number of hooks 
on the scolex and the number and shape of the proglottids (source: French National Reference Laboratory (NRL) for Echinococcus spp.) 

Table 1 
Microscopic and molecular identification of Echinococcus multilocularis in fox intestines collected in Flanders from September 2012 to January 2015.       

Province N samples N suspected⁎ N confirmed⁎⁎ % infected  

Limburg 165 17 14 8.5 (95%CI: 4.7–13.8%) 
Flemish Brabant 146 8 2 1.4 (95%CI: 0.2–4.9%) 
Antwerp 197 2 0 0 
West Flanders 212 7 2 0.9 (95%CI: 0.1–3.4%) 
East Flanders 195 3 1 0.5 (95%CI: 0.1–2.8%) 
Unknown 8 1 0 0 
Total 923 38 19 2.06 (95%CI: 1.2–3.2%) 

⁎ Suspected by microscopy, also including samples morphologically identified as Amoebotaenia spp. 
⁎⁎ Molecular confirmation by PCR-RFLP.  

Table 2 
Diagnostic agreement between morphological and molecular identification of 
Echinococcus multilocularis in fox intestines collected in Flanders from 
September 2012 to January 2015.     

Test results   

Microscopy Molecular examination n 
E. multilocularis E.multilocularis 177 

Negative 1 
Amoebotaenia spp. 1 

Amoebotaenia spp. Amoebotaenia spp. 11 
Mesocestoides corti genome 
assembly (moderate agreement) 

1 

Mixed infection E. multilocularis and 
Amoebotaenia spp. 

Amoebotaenia spp. 5 
E.multilocularis 2 
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intermediate hosts. These two factors differ greatly according to the 
level of urbanization (Otero-Abad and Torgerson, 2013) and depend on 
many interacting factors such as landscape character, biotope, climatic 
conditions, movement of foxes and availability of prey (Eckert et al., 
2000). The main intermediate host species of E. multilocularis are voles 
(e.g. Microtus spp., Arvicola spp., Myodes spp.). The European stable 
endemic region is coincident with the known distribution of Microtus 
arvalis, but not with other vole species, giving evidence that this M. 
arvalis plays a crucial role in the maintenance of the parasite's life cycle 
and that its absence could be a limiting factor for the spread of E. 
multilocularis in a region (Guerra et al., 2014). 

In Flanders, a considerable part of the fox diet consists of brown rats 
(Rattus norvegicus) (Van Gucht et al., 2009) and these rodents are likely 
less suitable hosts for E. multilocularis (Oksanen et al., 2016; Romig 
et al., 2017). Since the abundance of rodents is affected by the land use 
pattern, the intensive nature of agricultural practices in the highly ur-
banized northern region of Belgium may result in less suitable habitats 
for the Arvicolidae, with an overall increase in brown rats. 

However, other rodents, such as the Nutria (Myocastor coypus) and 
the muskrat (Ondrata zibethicus) are also presumed to be suitable in-
termediate hosts in Europe (Conraths and Deplazes, 2015; Oksanen 
et al., 2016; Umhang et al., 2013). In Wallonia, a positive correlation 
was seen between the prevalence of E. multilocularis in the muskrat and 
in the red fox, with 11.18% of muskrats infected (Hanosset et al., 2008). 
Along the Ourthe river, 22.2% of 657 muskrats were infected with E. 
multilocularis (Mathy et al., 2009). Neighbouring countries have also 
detected the parasite in muskrat populations with a prevalence of 0.1% 
in Limburg and Groningen in the Netherlands (Borgsteede et al., 2003), 
4.1% in Lower Saxony in Germany (Baumeister et al., 1997) and one 
muskrat found positive in 12 examined in France (Boussinesq et al., 
1986). In Flanders, 82 out of 9425 muskrats (0.87%) analysed between 
2008 and 2017 were infected with E. multilocularis (Cartuyvels et al., 
2020). This indicates that the spread of E. multilocularis from the 

Southern and Eastern regions has not occurred in muskrats, either. This 
can be due to the low presence of muskrats because of ongoing pest 
control activities, creating large areas free of muskrats, except for the 
border regions where their density is still high (Cartuyvels et al., 2020;  
Van Gucht et al., 2009). 

This study identified difficulties in the morphological differentiation 
of E. multilocularis and Amoebotaenia spp., specifically on damaged 
worms. Confirmation of E. multilocularis by molecular tests was needed 
and, in some cases, even showed misdiagnosis by morphology. 
Differential diagnosis of both species requires special attention in future 
studies. Amoebotaenia spp. are cestodes that mainly parasitize poultry 
and use earthworms as intermediate hosts in which the cysticercoid 
larval stage develops. The finding of an Amoebotaenia sp. in red foxes 
was first reported in France and it was identified as Amoebotaenia 
paradoxa (Pétavy et al., 1990). 

In conclusion, our data show that the prevalence of E. multilocularis 
in the red fox is not increasing in the overall northern region of 
Belgium. The finding of Amoebotaenia spp. in red foxes in Flanders in-
dicates that a differential diagnosis is needed in future E. multilocularis 
prevalence studies in Belgium and other European countries. These 
findings call for further studies, in the final as well as in the inter-
mediate hosts. Collaboration with bordering regions and countries, and 
notification of survey results, are important to monitor trends in dis-
tribution. 
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Fig. 2. Map showing red fox sample locations in the Flanders region: red and green dots present intestinal samples of foxes sampled in the period 2012–2015, with 
positive and negative findings for Echinococcus multilocularis, respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to 
the web version of this article.) 
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