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Abstract. In Romania, it is necessary to collect recent data about the prevalence of swine cysticercosis, to detect 

the areas of high endemicity and zoonotic risk and to prevent economic losses through proper implementation of 

control programs. 

A regional retrospective epidemiological study was performed during the period 2009-2013, by assessing 

report/surveillance systems and management of infected animals and by analyzing the temporal and spatial 

distribution of swine cysticercosis in Northwestern Romania. 

The study was conducted by reporting the confirmed cases by the macroscopic examinations in slaughterhouses 

after slaughtering the animals, in accordance with the National Epidemic and Surveillance Strategic Program for 

swine cysticercosis. 

The study included eight counties: Alba, Bihor, Bistrita-Nasaud, Cluj, Maramures, Mures, Salaj and Satu-Mare. In 

terms of spatial distribution, five outbreaks were discovered in two counties (Alba and Satu-Mare). In terms of 

the temporal distribution, cases of the disease had been recorded in each year of the study period. By analyzing 

the persistence/recurrence of the outbreaks, we can mention Alba County, located in the Northwest of the 

country, where the infestation was maintained for 4 years (2009, 2010, 2012 and 2013).  

In Cluj County, the results were correlated with Taenia solium infestation in humans because of the pork meat 

consumption in the sense of lacking of both infections in humans or pigs. 

The results demonstrate that in Romania some further studies are needed on the epidemiology of T. solium 

larvae infestation in swine, in rural communities, where control measures are not applied rigorously, in order to 

properly evaluate the scale of the phenomenon. 
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Introduction 
 
Muscle cysticercosis in pigs is caused by 
Cysticercus cellulosae, the larval form of Taenia 
solium (Ştefan, 2000). In swine cysticercosis, 
the human is part of the life cycle of the 
parasite, being the final or intermediate host 
for it. The contamination of the two species 
(humans and pigs) is related to cohabitation, 
hygiene and nutrition of both animals and 
humans. (Bourke and Petana, 1994). 
 
Taenia solium has been ranked first on the 
global scale of foodborne parasites by 
FAO/WHO (WHO, 2014). Regarding the 
humans, C. celullosae (T. solium) is located in 
the central nervous system and triggers 
neurocysticercosis (NCC) (Garcia and Del 
Brutto, 2000), initiating severe neurological 
disorders, the most common being seizures, 
and chronic headache. NCC is estimated to be 
responsible for 30% of acquired epilepsy cases 
in endemic areas (Ndimubanzi et al., 2010; Del 
Brutto et al., 2005; Montano et al., 2005) but 
may reach 50% according to Garcia and Del 
Brutto (2005). 
 
For more than one-third of European Member 
States, the data related to the occurrence of 
porcine/cattle cysticercosis and taeniasis are 
missing and the studies regarding the 
incidence and transmission dynamics of these 
parasites are not systematically reported and 
therefore the magnitude of the phenomenon 
cannot be properly evaluated (Zammarchi et 
al., 2013). 
 
Despite the available data regarding the 
prevalence of infection in pigs (0.6 to 60%) and 
humans (1.3 to 40%) their accuracy is 
questionable (Ndimubanzi et al., 2010; 
Willingham and Engels, 2006; Preux and Druet-
Cabanac, 2005). Imperfect diagnostic tests, 
leading to underestimation of the real 
prevalence are responsible for this 
shortcoming. 
 
Taenia solium was eradicated in the EU by 
inspection of pork, improving sanitation and 
modernization of breeding pigs (in shelters and 
indoor). However, as in the USA, a growing 
number of cases reported in EU is probably due 
to the increased migration (both immigration 

and the number of travelers to endemic areas). 
A review of Del Brutto (2012) on the NCC cases 
reported in Western Europe between 1970 and 
2011 found that immigrants accounted for 
53% of cases, European travelers 8% and 39% 
of the non-Europeans. 
 
Currently, many scientific approaches 
emphasize the necessity of studying the 
epidemiological particularities of socio-natural 
invasion aiming to develop more efficient 
surveillance measures, control and prevention, 
and improving national programs for the 
diagnosis, prevention, and control (Gabriël S. et 
al., 2012; Assana et al., 2012; Pondja et al., 
2015). 
 
Data on the frequency of zoonotic transmission 
are limited. More than that, only a few studies, 
both in humans and animals are reported in 
Romania. All are based on post-mortem 
examination in slaughterhouses and less on 
immunological methods. 
 
The purposes of our studies are the detection 
of high endemic and zoonotic risk areas 
regarding the infestation with T. solium larvae 
in pigs in Romania, and to improve the national 
prevention and control programs. 
 
Materials and methods 
 
Data on the occurrence and evolution of swine 
cysticercosis in Romania are missing; this is the 
reason why it is necessary to carry out 
systematic and accurate researches on the 
incidence of T. solium larvae infestation. 
Current programs of prevention and control of 
swine cysticercosis in Romania are mainly 
based on the slaughterhouse necropsy exam 
(Order No. 29/2014; Order 25/2008). Teniosis 
is not a notifiable disease, and therefore cases 
are not nationwide reported; the frequency of 
the disease is evaluated based on laboratory 
tests or epidemiological investigations. 
 
In order to assess monitoring, reporting and 
the management systems of infested animal 
with T. solium larvae, a retrospective 
epidemiological study over a period of 5 years, 
(2009-2013) was performed. The method 
consisted of analyzing the spatial and temporal 
distribution in 8 located in the Northwest of 
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Romania (Alba, Bihor, Bistrita-Nasaud, Cluj, 
Maramures, Mures, Salaj, and Satu-Mare). 
Officially reported data were processed by 
Districtual Sanitary Veterinary and Food Safety 
Authority (DSVSA). Confirmation tests on 
postmortem collected samples were initially 
performed in veterinary authorized 
slaughterhouses following macroscopic 
examination in accordance with the National 
Epidemic-Surveillance Strategic Program for 
swine cysticercosis. 
 
In Cluj County, the data were correlated with T. 
solium infestations in humans following pork 
meat consumption. Informations were 
compiled for several years, regarding the 
number of samples from animals diagnosed 
with post-mortem muscle cysticercosis, by 
various mathematical methods, implemented 

in tables and figures. Prevalence of an infection 
in a herd is appreciated as reduced when the 
value is less than 3%, moderate when the value 
is below 10%, and very intense over this limit. 
 
Results 
 
Analyzing the evolution of swine herds (figure 
1) depending on the type of ownership 
(individual households/intensive large farms), 
it was evidenced an increase of herds kept in 
intensive system from 86,709 pigs in 2009 to 
162,103 in 2012 and a decrease in household 
system from 965,411 in 2009 to 767,099 in 
2012. This fact was registered in the conditions 
in which the total number of pigs decreased by 
11.3%. 
 

 

 
 

Figure 1. Evolution of swine herds during the survey period 
(red – total; black – household system; blue line – intensive system; blue marker – year) 

 
 
In the studies period, 262,6701 pigs were 
slaughtered in officially approved 
slaughterhouses (table 1). An annual variation 
of the slaughterings with a progressive 
increasing was registered. 
 
There was no veterinary authorized 
slaughterhouse in Salaj County during the 
study and, therefore, no official data on the 
number of animals slaughtered. 

The sanitary veterinary exam in 
slaughterhouse revealed 5 animals post 
mortem diagnosed and confirmed with 
cysticercosis (table 2). 
 
The prevalence of infection in pigs during 
mentioned period varied between 0.0001 and 
0.0003% and can be characterized as very low. 
Temporal distribution was characterized by 
reporting of infected pigs in four years out of 
those five, respectively 2009, 2010, 2012 and 
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2013. The outbreaks of infection have been 
documented in two counties out of the 8 
counties, respectively Alba and Satu-Mare, 
representing 25% while the infection was 
absent in the other counties. Regarding the 
maintaining or reappearance of infection at the 
county level, only in Alba the infection was 

present 4 nonsequentially years (2009, 2010, 
2012, and 2013). 
In Cluj, analysis and comparison of the 
veterinary recorded data (pigs infected with C. 
celullosae – 0), with those obtained from the 
human medicine (people infected with T. 
solium – 0), reveal a positive correlation. 
 

 
 

Table 1. Evolution of the number of animals slaughtered during the studied period 
 

County 
Year 

2009 2010 2011 2012 2013 

ALBA 31,596 87,060 106,051 111,775 122,566 
BIHOR 18,596 10,206 12,765 12,629 9,535 
BISTRITA NASAUD 6,451 19,494 26,299 51,519 57,971 
CLUJ 9,792 6,184 574 3,326 8,036 
MARAMURES 238,645 224,359 237,260 248,152 269,522 
MURES 54,987 44,388 50,906 58,094 50,327 
SATU MARE 70,837 88,134 94,671 94,790 89,204 
SALAJ 0 0 0 0 0 
TOTAL 430,904 479,825 528,526 580,285 607,161 

 
Table 2. The evolution of the number of slaughtered animals diagnosed  

with swine muscular cysticercosis in the studied period 
 

Specification 
Year 

2009 2010 2011 2012 2013 

slaughtered pigs 430,904 479,825 52,8526 580,285 607,161 
infected pigs 1 1 0 1 2 
prevalence % 0.0002 0.0002 0 0.0001 0.0003 

 
 
Discussions 
 
Raising pigs and exploitation in those 8 
counties is performed in two types of holdings: 
intensive (commercial industrial and 
commercial type A) and non-professional 
(individual households). According to official 
statistics (National Institute of Statistics), 
between 2009 and 2013 there were 4,771,234 
domestic swine in mentioned counties. 
647,717 of these were farmed in industrial, 
commercial exploitation, veterinary authorized 
(13.57%) and 4,123,517 in non-professional 
holdings, so-called rural households or family 
farm, bred for their use (86.43%). In 
comparison, in industrialized countries the 
majority of the pigs are exploited in intensive 
production systems. Disadvantages of 
traditional pig farming systems are 
characterized by low consumption, difficult 
veterinary health care, low yield and periodic 
losses of a large part of the herd caused by the 

evolution of various infectious and parasitic 
diseases. 
 
According to data from DSVSA, in these 
counties a total of 23 approved 
slaughterhouses for slaughtering pigs and 
exchanging Community operates. The number 
of pigs annually slaughtered registered an 
average of 375,243 specimens. Following the 
reported data, mostly from pigs slaughtered in 
authorized slaughterhouses originating in 
commercial farms. Linking the data regarding 
the number of pigs and authorized 
slaughterhouses it is obvious that it is 
insufficient compared to existing pigs. This 
leads to the slaughtering of pigs in their 
backyard (the traditional slaughter of pigs in 
during the holidays) without being subjected to 
veterinary control in the direction of 
cysticercosis. Considering these aspects, we 
can affirm that the actual prevalence of muscle 
cysticercosis in swine, in the Northwest of 
Romania is underestimated. 
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Failures of the limiting/eradication measures 
of swine cysticercosis in Romania can also be 
explained by the failure of the sensitivity of the 
antemortem and postmortem exam that is less 
than 25% (Dorny et al., 2004). Another 
explanation consists in the fact that vesicles of 
C. cellulosae are difficult to differentiate from 
large cysts of Sarcocystis sp. (Ştefan, 2000). 
Eichenberger et al. (2013) states that meat 
inspection against the cysticercosis requires 
several sections in muscle tissue. This method 
reports an increase in sensitivity of the post 
mortem examination if more incisions are 
made. 
 
Parasitologic, molecular and serologic 
diagnosis methods have been developed for the 
detection of tapeworms and their larvae in 
humans and animals. Some of these techniques 
are promising candidates to replace the 
routine, nonspecific and insensitive methods, 
currently used in most laboratories and 
slaughterhouses. These methods require a full 
validation and are not yet widely available. 
Moreover, since cross reactions and lack of 
sensitivity persist, new approaches such as 
genomics, proteomics, transcriptomics, and 
nanotechnologies, should generate 
opportunities for identifying new diagnostic 
targets. 
 
Regarding the positive correlation between the 
absence of infections in pigs and humans in 
Cluj, the accuracy of these data is questionable. 
The imperfect diagnostic tests may lead to 
underestimations of the true prevalence of 
swine cysticercosis/human tapeworms 
complex. 
 
Risk factors as leaking of sewage, sludge from 
wastewater treatment, flooding of pastures, 
consumption of undrinkable water by tourists 
are identified in pigs. These factors favor the 
human and pig contaminations. Despite these 
factors, meat inspection and treatment of 
employees from infected farms remain, for 
now, only instruments for control. 
 
Communication at the county/local DSVSA 
with free practice veterinarians, traders and 
processors in the industry, farmers, pig 
owners, hunting fund managers is essential for 
managing risk factors. 

The data obtained after performing the 
epidemiological study, in the Northwest of 
Romania, chime with data on the evolution of 
T. solium infestation worldwide. The lack of 
accurate diagnostic tools and knowledge 
determine that swine and human cysticercosis 
remain neglected diseases. Both have an 
underestimated prevalence (Pondja et al., 
2015; Assana et al., 2012; Praet et al., 2009; 
Zoli et al., 2003; Rajshekhar et al., 2003). 
 
Results obtained show that control programs 
currently applied are not sufficient to limit 
and/or eradicate these diseases Romania. 
Current data do not provide an accurate 
picture of the epidemiological situation of T. 
solium infection in pigs in the Northwest of 
Romania. Additional studies are needed in 
order to assess properly the extent of the 
phenomenon. To get accurate information, 
Policymakers should include teniasis among 
officially reportable diseases, to get accurate 
information and develop a monitoring and 
reporting program of this zoonosis. 
 
Conclusions 
 
This retrospective study on the epidemiology 
and diagnosis of T. solium infection in 
Northwestern Romania between 2009 and 
2013 shows that outbreaks have been reported 
in four counties: Alba, Bistrita-Nasaud, 
Maramures and Satu Mare. Following the 
results, it is considered that the true 
prevalence of cases is underestimated. The 
number of authorized slaughterhouses is 
reduced comparing with the existing swine 
herds, which is why in the rural area veterinary 
measures are not rigorously applied. 
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