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1. Introduction

Livestock intended for human consumption 
must undergo slaughter at abattoirs, which conse-
quently serve as valuable places for collecting data 
on animal health and condition. These data are pri-
marily used to identify meat deemed unfit for human 
consumption, but they also offer important insights 
into disease prevalence and potential animal welfare 
concerns. One such disease, ranked among the top 
ten foodborne diseases in Europe and therefore of 

considerable public health significance, is echino-
coccosis, caused by tapeworms of the genus Echino-
coccus (Bouwknegt et al., 2018).

Echinococcus spp. are cestode parasites 
belonging to the family Taeniidae. Like all taeniid 
parasites, they possess complex life cycles involving 
a carnivorous definitive host (typically members of 
the families Canidae and Felidae) and a herbivorous 
or omnivorous intermediate host (commonly domes-
tic livestock), in which the larval stage, known as 
the metacestode, develops. Humans are considered 
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intermediate, dead-end hosts in the life cycle of Echi-
nococcus spp. In the intestines of Canidae and Feli-
dae, the tapeworm matures into its adult stage and 
undergoes sexual reproduction, releasing eggs that 
are subsequently shed in the faeces. Intermediate and 
dead-end hosts ingest the eggs via food or water, and 
the hatched larvae reach the various organs where 
they encyst into the larval stage known as the meta-
cestode. Within these cysts, the parasite reproduces 
asexually, leading to progressive cyst enlargement, 
which is the primary cause of symptoms in cyst-
ic echinococcosis. The transmission cycle is per-
petuated when a definitive host consumes infected 
tissue from an intermediate host, either through nat-
ural predation or the ingestion of raw offal contain-
ing viable metacestodes (WHO Team for Control of 
Neglected Tropical Diseases, 2001).

Although reporting of human and animal cas-
es of echinococcosis is mandatory in most endem-
ic countries, including Serbia, global under-report-
ing remains a major concern (Casulli, 2020; WHO, 
2024). Based on a comprehensive review of human 
cases in Europe between 2017-2019, it has been esti-
mated that approximately only 25% of cases are 
actually reported to The European Surveillance Sys-
tem (TESSy), while an earlier study in Germany esti-
mated that between 2003-2005, about 67% of cas-
es of alveolar echinococcosis were never reported 
(Casulli et al., 2023; Jorgensen et al., 2008). Accord-
ing to data from the Institute of Public Health of Ser-
bia (IOPHOS) and the official Annual Epidemiolog-
ical Reports from the European Centers for Disease 
Control (ECDC), between 2014 and 2019, the num-
ber of echinococcosis cases in Serbia exceeded those 
reported in neighbouring countries. The countries 
with the highest burden of echinococcosis in Europe 
are Bulgaria and Germany. In Serbia, 21 new cas-
es were reported in 2023—nearly double the num-
ber reported in 2022—suggesting a potential upward 
trend in the number of reported cases. Since 2022, 
two confirmed cases of alveolar echinococcosis have 
been reported in the Vojvodina province, raising sig-
nificant concern (Lalošević et al., 2023; Milošević 
et al., 2024). This may indicate the emergence of an 
E. multilocularis transmission focus in the region—
the first documented hotspot in the Balkans. Wheth-
er any of the echinococcosis cases reported pri-
or to 2021 were alveolar echinococcosis remains 
unknown, as the infecting species was not specified.

From an economic perspective, measured by 
disability-adjusted life years (DALYs), echinococ-
cosis was estimated to account for 569 DALYs per 

1000 capita globally in 2021, with just under three 
thousand reported cases from 30 countries across the 
Americas and Europe (WHO, Global Health Esti-
mates; WHO, 2024). However, considering the sig-
nificant under-reporting, the actual burden in terms 
of DALYs is likely substantially higher. The fatality 
rates of cystic and alveolar echinococcosis approach 
100% if left untreated over time. Based on long-
term clinical data from several European countries, 
the cure rate for cystic echinococcosis is estimated 
at approximately 75%, with a postoperative fatali-
ty rate of around 2%. In contrast, the cure rate for 
alveolar echinococcosis averages 63%, with post-
operative survival rates ranging from 50% to 97% 
(Budke et al., 2006; Salm et al., 2019). These cure 
rates are also influenced by relapse rates, which 
often result from incomplete removal of the meta-
cestodes. Echinococcosis in animals is almost exclu-
sively diagnosed following slaughter. Metacestodes 
can be found in various organs, with the liver being 
the most commonly affected. Unlike cystic echino-
coccosis, morphological changes caused by E. mul-
tilocularis are more challenging to attribute to par-
asitic infection due to its infiltrative growth pattern, 
which results in lesions and extensive tissue dam-
age. Additionally, E. multilocularis tends to metas-
tasise to other organs, making alveolar echinococco-
sis difficult to detect through visual inspection at the 
slaughter line.

The aim of this study was to detect Echinococ-
cus spp. DNA in condemned livers at slaughterhous-
es/abattoirs and identify the species of the tapeworm 
in order to gain insight into the occurrence of infec-
tion in livestock. 

2. Materials and methods

For the purposes of this study, a total of 31 liv-
er samples collected from two major abattoirs were 
analysed. The analysed samples were 22 pig livers, 
7 lamb livers, and 2 bullock livers. All liver samples 
were pre-selected and removed from the slaughter 
line due to discernible pathological morphological 
changes (clearly identifiable cysts, cyst-like forma-
tions, discoloration, and scar tissue). To determine 
the presence of Echinococcus spp., cyst contents 
(liquid or solid) and/or affected tissue areas were 
sampled by direct isolation using pipette tips and/
or tissue excision, then examined microscopically. 
DNA was rapidly extracted by boiling the samples 
in 0.02 M NaOH for 15 minutes, followed by ampli-
fication of the cox1 gene using primers capable of 
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differentiating E. granulosus, E. multilocularis, and 
E. canadensis via conventional PCR.

3. Results

A detailed overview of the results by groups 
of analysed animals is presented in Table 1 for pig, 
Table 2 for lamb, and Table 3 for bovine liver sam-
ples. The analyses revealed that Echinococcus spp. 
DNA was present in a total of three livers, all of 
which originated from pigs (Table 1).

The first positive finding (Pig 1) came from a 
liver sample that contained several large, fluid-filled 
cysts. Tapeworm larvae were microscopically con-

firmed within the cyst content and were subsequent-
ly identified by PCR as E. granulosus. The second 
positive finding (Pig 12) was derived from liver tis-
sue, although small fluid-filled cysts were also pre-
sent. PCR analysis confirmed the presence of E. 
canadensis in the tissue. The third positive find-
ing (Pig 31) was from a liver sample that contained 
small, fluid-filled cysts, and analysis of the cyst con-
tents identified E. multilocularis.

All positive findings originated from livers 
with fluid-filled cysts; however, not all cyst-like 
morphological changes in the livers were caused by 
the presence of Echinococcus spp.

Table 1. Analysis of pig livers

Species - sample 
number(s) Liver morphology/damage Presence of cyst 

fluid Sample examined Result

Pig - 1 Large, fluid filled cysts (3) Yes Cyst fluid E. granulosus

Pig - 2,5 Flat, button-shaped scar or 
abscess No Tissue sections (2) Negative

Pig - 3,9 Small cyst or abscess, hard No fluid but grainy, 
thick white content

Tissue section and 
content Negative

Pig - 4,12 Small, fluid filled cyst Yes Cyst fluid and 
tissue section E. canadensis

Pig - 8 Flat, button-shaped scar or 
abscess No Tissue section Negative

Pig - 10 Flat, button shaped scar or 
abscess No Tissue section Negative

Pig - 13 Flat, scar No Tissue section Negative
Pig - 14 Flat, scar No Tissue section Negative

Pig - 15; 20 Flat, button shaped scar or 
abscess No Tissue sections (2) Negative

Pig - 16 Flat, scar No Tissue section Negative
Pig - 17 Flat, scar No Tissue section Negative

Pig - 18; 19 Flat, button shaped scar or 
abscess No Tissue sections (2) Negative

Pig - 21 Discoloration, no scarring, no 
cyst or abscess No Tissue section Negative

Pig - 27 Flat, scar No Tissue section Negative
Pig - 28 Flat, scar No Tissue section Negative
Pig - 29 Flat, scar No Tissue section Negative
Pig - 30 Flat, scar No Tissue section Negative
Pig - 31 Small, fluid filled cyst Yes Cyst fluid E. multilocularis
Pig - 32 Small, fluid filled cyst Yes Cyst fluid Negative
Pig - 33 Flat, scar No Tissue section Negative
Pig - 34 Flat, scar No Tissue section Negative
Pig - 35 Flat, scar No Tissue section Negative
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4. Discussion

The abattoir serves as a critical control point for 
the surveillance and management of zoonotic agents 
responsible for foodborne infections and intoxi-
cations. In addition to pathogen detection, meat 
inspection provides valuable information on path-
ological lesions associated with animal health and 
production diseases. The relevant pathological find-
ings identified in the analysed slaughter by-products 
underscore the importance of animal health control 
at the slaughterhouse level and demonstrate its role 
as a key tool for the surveillance and management 
of animal diseases at the primary production stage. 
For example, in the United States, approximately 
10–20% of feedlot cattle have presented with liv-
er abscesses at slaughter (Amachawadi and Naga-
raja, 2016). Similarly, a large-scale study in the 
Czech Republic reported liver damage in 34% of 
cows, 17.51% of sows, and 12.97% of ewes (Valko-
va et al., 2023). While liver abscesses were primar-
ily of bacterial or, more rarely, viral origin, parasit-
ic lesions were comparatively rare, accounting for 
only 1.31% of liver damage in heifers, 7.51% in 
ewes, and 3.68% in finishing pigs (Valkova et al., 
2023). These findings along with previous reports 
clearly show that infections caused by environmen-
tally transmitted parasites are rather uncommon in 
intensively farmed animals as opposed to extensive-
ly farmed and free-range animals (Betić et al., 2022; 
Kijlstra et al., 2004). As slaughterhouses and abat-

toirs in Serbia mostly process animals from inten-
sive farming systems, echinococcosis is expected to 
be a minor finding during meat inspection. Howev-
er, as shown here and by Valkova et al. (2023), echi-
nococcosis diagnostics for pigs, particularly finish-
ing pigs, may need to be prioritised, as 3/22 were 
found to be positive. Overall, the results of our study 
show that the majority of liver changes observed at 
slaughter are scars, small abscesses and discolora-
tions. Hard cysts with grainy, thick, white contents 
are likely associated with earlier bacterial infections, 
while button-shaped scars are, according to liter-
ature, most commonly linked to prior Ascaris spp. 
infections. Regarding the detection of Echinococ-
cus based solely on liver morphology and visible 
lesions, a definitive diagnosis cannot be made with 
absolute certainty or reliability. Smaller fluid-filled 
cysts may be associated with certain Echinococcus 
species, such as E. granulosus and E. canadensis, 
which only rarely infect humans. Unlike E. gran-
ulosus, which typically forms a single, large, flu-
id-filled cyst, E. multilocularis produces numer-
ous small, infiltrative cysts (locules) that spread 
throughout the host’s organs, mimicking the growth 
pattern of a malignant tumour (Macpherson et al., 
2003). Consequently, the cavitations and tissue dam-
age caused by E. multilocularis are often difficult 
to detect visually, particularly in younger animals, 
which are commonly processed at slaughterhouses/
abattoirs, as cyst growth and damage may not have 
developed sufficiently. 

Table 2. Analysis of lamb livers

Species - sample 
number(s) Liver morphology/damage Presence of cyst fluid Sample examined Result

Lamb - 22 Flat, scar No Tissue section Negative
Lamb - 23 Flat, scar No Tissue section Negative
Lamb - 24 Flat, scar No Tissue section Negative
Lamb - 25 Flat, scar No Tissue section Negative
Lamb - 26 Flat, scar No Tissue section Negative
Lamb - 36 Small, fluid filled cyst Yes Cyst fluid Negative
Lamb - 37 Small, fluid filled cyst Yes Cyst fluid Negative

Table 3. Analysis of bovine livers

Species - sample 
number(s) Liver morphology/damage Presence of cyst fluid Sample examined Result

Bullock - 7 Flat, scar No Tissue section Negative

Bullock - 6; 11 Small cyst or abscess, hard No fluid but thick 
yellow content

Tissue section and 
content Negative
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The findings of this study underscore the con-
tinued relevance of post-mortem meat inspection at 
the slaughterhouse level, employing visual assess-
ment, palpation, and incision techniques. This 
approach remains a valuable tool for the detection 
of notifiable diseases and zoonoses, identification 
of production-related conditions, and provision of 
epidemiological feedback to veterinary practition-
ers regarding subclinical disease occurrences at the 
farm level. In particular, palpatory inspection plays 
a crucial role in identifying internal abnormalities—
such as cysts—that may not be visible on the sur-
face of the liver, thereby enhancing diagnostic sensi-
tivity. While conventional meat inspection methods 
are adequate and successful in detecting Trichinella 
spp., it provides limited information on the presence 
of other major foodborne parasites, which require 
laboratory-based molecular diagnostic methods for 
detection and identification.

5. Conclusion

Although the number of samples examined 
was limited and Echinococcus spp. was not the pre-
dominant cause of (morphological) liver chang-
es, the detection of three different tapeworm spe-
cies remains a cause for concern. While the study 
shows that most carcasses flagged for condition-
al use based on liver examination are not infected 
with Echinococcus, the results suggest that pigs can 
still play a role in the transmission of the parasite in 
Serbia. These results emphasise the need for more 
comprehensive studies to obtain reliable data on the 
prevalence and diversity of Echinococcus spp. in 
pigs. Such studies would provide valuable insights 
that can support the harmonisation of post-mor-
tem inspection protocols and assist risk managers to 
develop and implement modernised control strate-
gies in slaughterhouses.
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