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ABSTRACT
Cystic echinococcosis is a cosmopolitan zoonotic infection, commonly seen in areas where livestock and dogs are kept 

together. The objective of this study was to investigate the prevalence of echinococcosis in slaughtered cattle and sheep in 
North Macedonia and to evaluate the location and fertility/sterility rates of the cysts. A total of 302 slaughtered animals 
were examined with visual inspection, palpation, and incision of the internal organs in order to detect cysts. Microscopic 
examination was carried out to determine the presence of protoscoleces. The overall prevalence of echinococcosis in 
slaughtered cattle and sheep was 60%. The presence of cysts increased with age in cattle. In both cattle and sheep, the most 
common affected organs were the liver and lungs infected with more than one cyst. The findings showed higher fertility rate 
in sheep which confirmed their role as the most important intermediate host. This study shows that North Macedonia is an 
endemic region, and serious control strategies should be implemented, with special emphasis on safety disposal of infected 
organs and anthelmintic treatment of the dogs.
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INTRODUCTION

Cystic echinococcosis (CE) is an important 
parasitic zoonotic disease caused by the larval form 
of the taeniid tapeworm Echinococcus granulosus 
(1). According to the World Health Organization 
(WHO), echinococcosis is a neglected disease with 
worldwide distribution that needs prevention and 
control (2). 

Carnivores (mainly canids) are definitive hosts 
for the adult tapeworm, while herbivores (mainly 

ruminants) and omnivores act as intermediate 
hosts that get infected by ingestion of infective 
tapeworm eggs that develop to the larval form – 
metacestode located in the internal organs (3). The 
adult tapeworm lives in the small intestine of the 
definitive hosts, produces infective eggs that leave 
the host with feces, and contaminate the soil and 
the water, making the environment a potential risk 
for the human population (4). Canids get infected 
when they feed on offal from slaughtered domestic 
ruminants containing metacestodes. Humans, on 
the other hand, are an aberrant, dead-end host (5). 

The fully developed metacestode is an unilocular 
spherical cyst, filled with liquid, consisting of 
an internal germinated layer and external elastic 
acellular laminated layer. Numerous protoscoleces 
are developed asexually in the inner lumen (6).  The 
cyst that contains protoscoleces is called fertile, 
while the cyst that doesn’t have protoscoleces is 
called sterile. Fertility of the cysts is very important 
when it comes to reviewing the epidemiology 
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of echinococcosis and depends on host species 
(7). The target organ is the liver, followed by the 
lungs. Other organs that can be affected include 
the spleen, the kidneys, and the heart (8). Cysts 
grow slowly, no more than 1-5 cm every year, 
with no functional disorders of the organs and no 
clinical signs in the diseased animals (9). There 
is no reliable diagnostic method for live animals, 
therefore, the diagnosis of echinococcosis is based 
on post-mortem examination during slaughter (10). 

Echinococcosis is endemic in many parts of the 
world, with very high prevalence in China, Central 
Asia, South America, North and East Africa, and 
Australia. In Europe, echinococcosis is present in the 
Mediterranean region and Southeastern countries (11). 

Italy is a country with middle to high risk for 
echinococcosis, with a prevalence of 5-92.8% in 
sheep and 7.3-67.1% in cattle (12). In Romania, the 
prevalence of echinococcosis is 32.34% in cattle and 
49.87% in sheep (13). In Poland, the prevalence of 
echinococcosis in cattle is 0.007%, while in sheep 
and goats is 18.7% (14). In Spain, echinococcosis is 
prevalent in 1.70% of cattle and 0.10% of sheep (15), 
while in France the prevalence of echinococcosis 
is quite low: 0.00004% in sheep and 0.00003% in 
cattle (16). 

The prevalence of echinococcosis in the Balkan 
region is known in Kosovo (72% in cattle) (17), 
Bosnia and Herzegovina (27.2% in cattle, 80.3% 
in sheep) (18), Albania (5-75% in sheep and cattle) 
(19), Greece (33.3% in sheep) (20), Bulgaria (5.1% 
in cattle, 7.0% in sheep and 10.5% in goats) (21) and 
Serbia (1% in sheep, 2% in cattle) (22). 

In North Macedonia echinococcosis is 
considered to be endemic. On the other hand, North 
Macedonia is the only country in the Balkan region 
with an unknown prevalence of echinococcosis and 
no published data (11). Hence, the aim of this study 
was to determine the slaughterhouse prevalence in 
cattle and sheep, the presence of cysts in different 
organs, and the fertility/sterility rate of the cysts. 
The data will provide reliable information about the 
domestic ruminants as potential infection sources 
for the dogs and the environmental contamination 
with echinococcus eggs.

MATERIAL AND METHODS

Study animals and sampling methods/study 
design

This study was conducted between July and 
October 2020 in four slaughterhouses. A total of 
302 animals (234 cattle from 36 farms and 68 sheep 

from two farms) were examined for the presence 
of hydatid cysts in the visceral organs. The 
animals originated from 23 localities within 11 
municipalities of the territory of North Macedonia.

Ante-mortem examination 
During the antemortem examination, the 

animals were divided into three age categories  
(<2 years, 2-5 years, >5 years) and each animal was 
given an identification number. The sex, origin, 
and type (cattle or sheep) of each animal were also 
recorded.

 
Post-mortem examination
Visual inspection, palpation, and incision of 

the internal organs of the slaughtered animals 
was performed to detect hydatid cysts. The spleen 
and the kidneys were examined with palpation, 
while the lungs and the liver were examined with 
incision for better visualization of the possible 
presence of cysts. Detailed record was kept about 
the cyst number per organ and its location. The 
cysts were carefully removed from the infected 
organ and collected in a sterile cup under aseptic 
conditions and then transferred in an icebox to the 
Laboratory for Parasitology and Parasitic Diseases 
at the Faculty of Veterinary Medicine - Skopje 
for examination. Underdeveloped cysts were not 
included in this study.

  
Laboratory examination  
As suggested by Daryani et al. (23), the cysts 

were classified as fertile if they contained liquid 
content with protoscoleces and sterile if they 
contained liquid content without protoscoleces. 
To assess the fertility of each cyst, the fluid was 
removed with a syringe and needle and was then 
transferred to a glass beaker. The cysts were 
washed with saline and the content was added to 
the corresponding glass beaker. The cyst content 
was poured into a 50 ml conical centrifugation 
tube and centrifuged at 5000 rpm for five minutes. 
After centrifugation, the supernatant was discarded 
and the sediment was analysed for the presence 
of protoscoleces under a stereomicroscope at 40x 
magnification. The wall of each cyst was cut open 
with a sterile scalpel blade and scissors and the 
germinative layer was removed and preserved in a 
cup with 70 % ethanol.   

Statistical analysis
The categorical data for each respective 

analysis were organized in contingency tables and 
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were analysed with Pearson's Chi-square Test for 
Independence. Values were presented as percentage 
from the total specimen count in the corresponding 
groups. The significance level was set at p<0.05.

RESULTS

A significantly higher number of positive cattle 
specimens were detected in the age group >5 years 
compared to the <2 and 2-5 years groups (64 %, 37 %,  
and 36 %, respectively). The latter groups did not 
show significant difference in the number of 
positive specimens (Fig. 1A).

Despite that the 2-5 years age group in sheep 
had markedly higher value of positives, it was not 
significantly different compared to the <2 and  
>5 years age groups, which were also insignificantly 
different (59 %, 22 %, and 40 %, respectively) 
(Fig. 1B). 

A significantly higher number of cattle lung and 
liver specimens were found with >1 cyst compared 
to specimens with 1 cyst (75 % vs. 25 % and 67 % 
vs. 33 %, respectively) (Fig. 2A, B).

A significantly higher number of sheep lung and 
liver specimens were found with >1 cyst compared 
to specimens with 1 cyst (79 % vs. 21 % and 68 % 
vs 32 %, respectively) (Fig. 2C, D).

Figure 1. Ratios of positive/negative specimens (liver and lungs) for echinococcosis by age groups in cattle (A) 
and sheep (B). Significantly different values between the age groups are marked with different letters (a, b)

Figure 2. Ratios between specimens with >1 or 1 cyst for cattle lungs (A), cattle liver (B), sheep lungs (C) and 
sheep liver (D). Significantly higher values are marked with ‘*’
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A significantly higher number of fertile cysts 
were found in sheep specimens compared to cattle 
(91 % vs. 23 %, respectively) (Fig. 3A). There was 
no significant difference between the number of 
positive sheep and cattle animals included in this 
study (49 % vs. 49 %, respectively) (Fig. 3B).

DISCUSSION

This study indicates a high prevalence of 
echinococcosis in slaughtered cattle and sheep, 
which confirmed the endemic status of the disease 
in North Macedonia. According to the current 
research, the overall prevalence of echinococcosis 
was 60%, higher than the prevalence reported 
in neighboring regions (18, 20, 21, 22) with no 
significant difference in the prevalence between 
cattle and sheep. The high prevalence in these 
animals can be related to the feeding system 
(especially grazing), which exposes them to contact 
with Echinococcus eggs as a result of the lack of 
dehelmintization of the dog population. In regard 
to the high prevalence rate, there are several other 
factors such as uncontrolled slaughtering with no 
supervision, inappropriate disposal of the infected 
organs, a large population of roaming dogs with 
access to livestock and carcasses, low awareness 
about the potential health risk, low education, and 
economic status of the population (16).

Diagnosis of echinococcosis in intermediate 
hosts is achieved by necropsy because the primary 

infection is always asymptomatic (24). The growth 
rate of the cysts is slow, from 1 to 5 cm per year, 
and the infected animals are slaughtered before the 
cysts cause clinical manifestation (25).  According 
to the ОIE (26), the control of the carcasses during 
slaughtering for the presence of Echinococcus cysts 
is an essential method that still remains the most 
common way of collecting data and assessment of 
echinococcosis prevalence. Post-mortem inspection 
of the internal organs in the slaughterhouses showed 
that the lungs and the liver were highly infected and 
more susceptible to echinococcosis. These findings 
were also demonstrated by Joanny et al. (27), Khan 
et al. (28), El-Dakhly et al. (29) and Kere et al. (30).  
The presence of a high number of cysts in the lungs 
and the liver may be due to specific intensive blood 
supply from the portal veins and hepatic arteries of 
the liver and soft consistency of the lung tissue that 
allows easy development of the cyst (10).

There was a significant correlation between 
the age of the livestock and the prevalence of 
echinococcosis, with the infection rate significantly 
increasing with the age of the animals (Fig. 1), 
which was also shown in other studies (31, 32). A 
study in Pakistan (28) shows that older animals can 
be 1.6 times more exposed to the risk of infection 
compared to younger animals. The main reason is 
lower immunological resistance and long exposure 
to the parasites that leads to increasing the size and 
the number of cysts per organ. 

Cyst fluid showed high fertility in sheep, while 
in the cattle most of the cysts were sterile (Fig. 3). 

Figure 3. Ratios between sheep and cattle specimens: fertile or sterile cyst (A) and positive or negative on 
echinococcosis (B). Significantly different values between the animal species groups are marked with different letters (a, b)
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Similar results have been reported in Greece and 
Algeria (33, 34). Fertility of the cysts is an important 
indicator of which domestic ruminant type acts as 
a source for infection of the final hosts (35). The 
higher percent of fertile cysts in sheep, in contrast 
to cattle, indicates that sheep are the main reservoir 
and significant intermediate host in the lifecycle 
of Echinococcus spp. (10). On the other hand, the 
high percentage of sterile cysts in cattle suggests 
that cattle have no significant role in maintaining 
the life cycle of this parasite (36).

Different epidemiological conditions result 
in different echinococcosis prevalence rates. 
North Macedonia belongs to the countries with 
high echinococcosis prevalence in livestock. 
High numbers of Echinococcus cysts in the adult 
cattle and sheep indicate a long exposition to 
Echinococcus eggs with an increased possibility of 
infection or high contamination of the environment 
where the domestic ruminants are kept. The 
maintenance of the parasite lifecycle is closely 
related with the contact of dogs (as definitive host) 
with the offal from the intermediate host, as well 
as the easy access to the locations where animals 
are slaughtered. Hence, the slaughtering should 
be controlled and the infected organs should be 
confiscated and destroyed (37).

 

CONCLUSION

The high prevalence of echinococcosis in North 
Macedonia highlights the important role of the 
sheep in the life cycle of the disease because of the 
high number of fertile cysts. From a disease control 
perspective as well as prevention of echinococcosis, 
it is necessary to establish continuous surveys 
and monitoring systems of the epidemiological 
situation, especially in the endemic regions. The 
results of this research will provide the baseline data 
for implementing control programs and preventive 
measures. The measures should include control of 
backyard slaughtering, anthelmintic treatment of 
dogs, raising public awareness of this zoonosis, and 
most importantly secure disposal of the infected 
organs.
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