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Human taeniasis/cysticercosis: a potentially emerging parasitic 
disease in Europe
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Taenia saginata (T. saginata)/Taenia solium (T. solium) taeniasis/cysticercosis disease complexes 
remain a significant challenge for food safety and public health. Human taeniasis is an infectious 
disease caused by the ingestion of the metacestode larval stage, the cysticerci of T. saginata in 
beef or T. solium in pork. Humans can also become infected via the ingestion of T. solium eggs. 
In this case, the cysticerci can establish in the central nervous system, causing the infection called 
neurocysticercosis. T. solium is of higher importance than T. saginata because the former species 
can cause neurocysticercosis in humans, a major cause of neurological morbidity in the world. The 
taeniasis/cysticercosis complex is included in the list of neglected zoonotic diseases by the World 
Health Organization and Food and Agriculture Organization, with T. solium being the number 
one foodborne parasite; it occurs mostly in developing countries, such as regions of Asia, Africa 
and Latin America, where the disease remains endemic. Long absent in Western Europe and 
other developed countries, cysticercosis has been recently re-emerged as a result of immigration, 
travel and commerce. In this review, cysticercosis is presented with special emphasis on some 
aspects of this neglected disease: the main clinical manifestations, risk factors and epidemiology. 
In addition, any recent advances in diagnostic approaches and treatment are discussed. Finally, 
the complexities involved in the control of the disease and the need to revise current management 
strategies are highlighted.
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are of great importance to public health and are still endemic in 
developing countries of Africa, Latin America and Asia [1,2]. 
In non-endemic countries, such as many European countries, 
the USA, Canada and Australia, cysticercosis is potentially 
re-emerging through the growing popularity of pork 
consumption, travel and the increased flow of an immigrant 
workforce [2-4]. Indeed, a total of 751 patients were reported 
from 1985-2011 in different countries of Western Europe [3], 
while a particular epidemic situation is present in Spain and 
Portugal, as demonstrated by a review of the literature [2]. 
Taenia saginata (T. saginata) has a global distribution, leads 
to important economic losses, especially in the meat sector, 
and represents a food safety issue rather than a serious public 
health problem, as taeniasis rarely leads to serious clinical signs 
and symptoms [5]. T. solium and T. saginata are of considerable 
medical and/or veterinary significance, as they are causative 
agents of high morbidity and mortality in humans and losses 
in animal production, mainly because of the condemnation 
and exclusion of infected carcasses from the human food 
chain  [1,4]. Another Taenia species also exists, namely 
T. asiatica, which is of minor significance to Europe, at least 
at the present time [6]. These three parasites are responsible 
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Abstract

Introduction

The taeniasis/cysticercosis complex, caused by Taenia 
solium (T. solium), represents a group of zoonotic diseases that 
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for two distinct diseases in humans, taeniasis (adult forms) and 
cysticercosis (larval forms), while in animals (pigs and cattle) 
they cause only cysticercosis [7].

Mode of infection

Humans can become infected with T. solium (pork 
tapeworm) after consumption of raw or insufficiently cooked 
pork meat harboring the larval stage of this tapeworm, which 
subsequently develops to the adult stage in the human small 
intestine. Likewise, T. saginata (beef tapeworm) infection 
occurs after eating raw or undercooked beef meat carrying the 
larval stage of the parasite, which again matures to the adult 
stage in the human small intestine [1]. Additionally, T. solium 
infection in humans can occur through the accidental ingestion 
of the eggs of this parasite (fecal-oral route), in a similar way 
to the mode of infection of the intermediate hosts [1,8]. In the 
latter case, infection with T. solium can result in the formation 
of cysticerci (larval stage) in the human body, which are of 
major importance when located in the central nervous system 
(neurocysticercosis, NCC). Human NCC is the most common 
parasitic disease of the central nervous system and constitutes 
a major concern in endemic regions of Latin America, India, 
Asia, Africa and Eastern Europe [9]. NCC accounts for about 
50,000 deaths per year [10,11] and is currently considered to be 
the most common cause of acquired epilepsy in the developing 
world, with an estimated 2 million people being affected [1,12]. 
Unfortunately, more cases are being reported in Europe 
nowadays, mostly as a result of migration [13]. T. solium is the 
most important foodborne parasite globally [14,15].

Individuals infected with the adult tapeworms, T. solium or 
T. saginata, expel the proglottids containing the eggs (Fig. 1) of 
these parasites in their feces. When defecation takes place in 
the fields, the eggs are spread by water, wind, animal feet, and 
insects, or by several other means, and contaminate the pasture 
at varying distances. Cattle usually become infected by ingesting 
the contaminated herbage. Pigs, being coprophagic animals, 
usually acquire infection by direct consumption of human feces, 
or indirectly via contaminated environments. When ingested, 
the eggs liberate hexacanth embryos or oncospheres in the 
gastrointestinal tract. Oncospheres enter the bloodstream after 
crossing the intestinal wall and mature into metacestodes, which 
are found in usual intermediate host tissues, especially striated 
muscles (Fig. 2) or the central nervous system, depending on 
the species of Taenia. Metacestodes then evolve into cysticerci, 
which are vesicles containing an invaginated scolex [7,10]. The 
life span of a T. solium tapeworm is difficult to determine, but 
is probably only a few years [16,17] and differs critically from 
that of T.  saginata, which is longer  [1,18]. The long survival 
of adult pork tapeworms in humans enhances the possibility 
for dissemination of eggs to a parasite-naive population [19]. 
Moreover, the adult T. solium tapeworm has a very high biotic 
potential, meaning that a single worm can infect many hosts 
in its surroundings. Consequently, the tapeworm carrier 
is an important target for control interventions [20]. The 

most important concepts regarding the mode of infection of 
taeniasis/cysticercosis disease complexes are summarized in 
Table 1.

Main clinical manifestations

Infection with adult Taenia spp. tapeworms may be 
asymptomatic, with spontaneous release of proglottids for 
T. saginata, considered the only primary pathognomonic sign. 
The associated symptoms are often non-specific and include 
weight loss, abdominal pain, vomiting, diarrhea, constipation 
and altered appetite. Toxic effects due to the tapeworm’s 
metabolites have also been reported [6,13].

The clinical manifestations of NCC can vary from 
asymptomatic infection to severe disease and death. Signs and 
symptoms of NCC are usually nonspecific [21]. Disease severity 
is indicative of the infection characteristics (size, number and 
location of cysts). One of the major determinants of the clinical 
manifestations of NCC is whether the parasites are located in 
the brain parenchyma or in the extraparenchymal spaces [22]. 
In parenchymal NCC the most frequently reported symptom 

Figure 1 Taenia spp. egg found in human feces (E. Papadopoulos)

Figure 2 Cysticerci in meat (S. Gabriël)
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is epilepsy. In a systematic review, Carabin et al reported that 
epileptic seizures, frequently generalized, were common in up to 
80% of patients with symptomatic NCC [23]. Epileptic seizures 
occur in two settings, either as acute symptomatic seizures or 
as “chronic epilepsy” with calcified lesions [24,25]. Another 
symptom is a recurrent or chronic tension-type headache, 
attributed to raised intracranial pressure [26]. These headaches 
are more prevalent than epilepsy and diminish quality of 
life  [23]. In extraparenchymal NCC, cysticerci may reside in 
the ventricular system or the subarachnoid space. Thus, a life-
threatening acute intracranial hypertension may develop. If 
cysts lodge in the fourth ventricle, obstruction of cerebrospinal 
fluid (CSF) flow causes hydrocephalus. Extraparenchymal NCC 
is subdivided into four groups: ventricular NCC, subarachnoid 
NCC of the brain convexity, subarachnoid NCC of the lateral 
fissure and basal subarachnoid NCC, according to the different 
locations [27].

Whilst in humans the neuropathological and clinical 
aspects have been well studied and documented, there is 
limited information on the symptomatology in animals. 
Recently, a study demonstrated that it is possible for pigs with 
NCC to develop clinical signs and suffer from seizures like 
humans with symptomatic NCC [28].

Diagnostic approaches

Because of the very different disease potentials of the two 
Taenia species, i.e.,  T. solium and T. saginata, their accurate 
identification becomes of vital significance for control and a 
number of diagnostic methods have been used for this. Each 
method has advantages and disadvantages. Microscopic, 
immunological and molecular methods have been used 
to detect and differentiate between Taenia spp., while a 
combination of two or more methods appears to provide 
higher sensitivity [29,30].

For many years, the diagnosis of taeniasis has been based 
on the detection of eggs by microscopic examination, which 
still remains the routine in most laboratories [31]. However, 
given the great morphological similarity among taeniid eggs, 
identification of species lacks specificity [7,31,32]. Moreover, 
the morphological examination of gravid proglottids based on 
internal structures (i.e., the number of uterine branches) relies 
heavily on them being intact; therefore, it does not always allow 
accurate species identification. Thus, alternative methods are 
required for the differentiation of human Taenia spp. causing 
taeniasis in humans [32].

Regarding immunological assays used to assess the 
epidemiology of taeniasis, the enzyme-linked immunosorbent 
assay (ELISA) for coproantigen detection, i.e.,  adult parasite 
antigens in human stool, was developed and evaluated by several 
researchers [33,34]. Although this test offers a higher sensitivity 
and specificity than microscopic diagnosis, it does not support 
differentiation of T. saginata from T. solium [30,35]. Recently, 
a protocol was developed that demonstrated good sensitivity 
and improved specificity for the detection of T. solium antigen 
in feces [36]. However, in general, these tests were developed 
in individual laboratories using in-house reagents and have 
not been independently validated, commercialized and 
widely used in other diagnostic laboratories [31,37]. Another 
immunodiagnostic approach for the diagnosis of taeniasis is 
the detection of antibodies in blood serum [31]. Serological 
assays mainly use recombinant antigens, such as rTSES33 and 
rTSES38 [38,39], but are not yet commercially available [31].

Nowadays, the development of molecular tools 
allows the differential diagnosis between T. saginata and 
T.  solium  [30,40,41]. A  number of molecular methods using 
polymerase chain reaction (PCR)-based technologies have 
been developed to either determine the presence of Taenia 
species-specific DNA in human stools or discriminate between 
different Taenia spp. [42]. These PCR-based assays display 
excellent sensitivity and specificity, which are related to the 
molecular targets [31]. In particular, markers as repetitive 
sequences of ribosomal DNA, mitochondrial DNA and Antigen 
2 gene have proven valuable for revising the taxonomy of the 
genus [30,43-47].

Regarding NCC, accurate diagnosis is very challenging, 
especially in developing countries, in the absence of 
neuroimaging methods or appropriate immunological 
tests  [48]. Moreover, variability in the neuropathology and 
clinical presentation of the disease makes it often difficult to 
diagnose [49]. The diagnosis of NCC relies on neuroimaging 
studies, antibody detection in the serum and CSF, and 
laboratory analysis of the CSF [50]. Today, a wide variety of 
immunodiagnostic tests, both commercial and “in-house” have 
been developed, with various levels of performance [31,51]. The 
most reliable assay for the detection of antibodies specific for 
T.solium in serum is the enzyme-linked immunoelectrotransfer 
blot (EITB) assay, which uses an enriched fraction of 
glycoproteins from T. solium of porcine origin [52]. EITB assay 
has a reported specificity and sensitivity of 100% and 98%, 
respectively, for patients with two or more viable cysts in the 
nervous system [53]. However, since serum antibody detection 
may yield a positive result either in patients with extraneural 
cysticercosis or in those exposed but without development of 

Table 1 The most important concepts regarding the mode of infection of taeniasis/cysticercosis disease complexes
Taenia saginata (T. saginata) / Taenia solium (T. solium) taeniasis/cysticercosis disease complexes remain a significant challenge for food safety 
and public health

Taeniasis in humans occurs due to the ingestion of the metacestode larval stage, the cysticerci of T. saginata in beef or T. solium in pork

Humans also become infected via the ingestion of T. solium eggs and the cysticerci can establish in the central nervous system causing 
neurocysticercosis (NCC)

NCC is a major cause of neurological morbidity in the world and its prevalence may be on the rise recently as a result of immigration, travel, and 
commerce
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the infection, results from all tests based on antibody detection 
should be evaluated with caution [52]. Among antigen-capture 
assays, especially those conducted on CSF, the HP10 and the 
B158/B60 monoclonal antibody systems [54,55] are specific and 
are used in epidemiological studies in endemic regions [56], 
while they facilitate identification and follow up of complicated 
NCC  [57]. Molecular techniques, such as conventional and 
real-time PCR, using as matrices either CSF or tissue from 
biopsy, are specific and relatively sensitive [31,58,59]. In 
particular, PCR amplification of the pTsol9 repetitive element 
of the parasite genome in the CSF of patients exhibited the 
highest sensitivity (95.9%) and variable specificity (80% up 
to 100%), depending on the controls used [60]. Nowadays, 
a set of diagnostic criteria proposed by Del Brutto is widely 
accepted and has been proven valuable for the diagnosis and 
management of NCC in patients living in endemic, as well as 
in non-endemic countries [49]. For animal cysticercosis, the 
diagnosis is based mainly on classical diagnostic tools such as 
tongue or meat inspection, which remains the gold standard, 
and serology for pigs [61].

Treatment

NCC management can be challenging; it requires a 
multidisciplinary team, including neurologists, radiologists, 
parasitologists, etc., and should be individualized, as 
current options are limited [10]. Treatment of symptoms 
remains the cornerstone of NCC management and involves 
anti-inflammatories, antiepileptic drugs, analgesics, and 
management of intracranial hypertension if present [62]. 
Antiparasitic therapy is to be considered later on, when the 
patient is stable without symptoms, and mainly for active 
disease [10,63]. Its aim is the destruction of cysts and the 
reduction of the number of active lesions and long-term 
seizure frequency. However, administration of antiparasitic 
drugs can lead to inflammation due to cyst degeneration 
and thus increase cerebral edema. Therefore, such treatment 
should be combined with anti-inflammatory medication [64]. 
The efficacy of antiparasitic treatment is partial and strategies 
to improve treatment regimens are warranted, as well as new 
drugs with better pharmacokinetic profiles [10]. One course 
of such treatment has been reported to yield a 70% resolution 
of cysts vs. 40% in untreated patients [65,66]. Albendazole and 
praziquantel are the two most common antiparasitic agents 
used, with albendazole (15 mg/kg per day for 8 days) being the 
antiparasitic agent of choice in NCC, since it displays a greater 
cysticidal effect, a lower price and less interaction with other 
drugs [66,67]. Moreover, albendazole is well tolerated and 
seems to decrease both long-term seizure frequency and the 
number of cysts [24,27,67]. Furthermore, combined treatment 
with both albendazole and praziquantel has resulted in an 
enhanced cysticidal effect in patients with multiple cerebral 
cysts, while the side effects did not increase [68].

The treatment of taeniasis includes a single administration of 
praziquantel (5-10 mg/kg) or niclosamide (adults and children 
over 6 years: 2 g, single-administration after a light breakfast, 

followed after 2 h by a laxative; children aged 2-6 years: 1 g; 
children under 2  years: 500  mg) [69]. Praziquantel, though 
more effective, brings a risk of inducing epileptic seizures or 
convulsions in carriers with concurrent asymptomatic NCC, 
whereas niclosamide, not absorbed by the intestine, is safer, 
although not available in many endemic countries [5,70].

Control of cysticercosis

Although many attempts have been made, eradication of 
this zoonosis is difficult and has been fully achieved only in few 
countries [9]. This is for several reasons, such as the existence 
of free-roaming pig production, a lack of basic sanitation, and 
home slaughter without meat inspection [1,71]. Furthermore, 
the high fecundity and extended longevity of adult parasites 
exacerbate the challenge of breaking the cycle for transmission. 
Additionally, the eggs are highly resistant to environmental 
conditions, remaining viable for up to 8  months or more in 
warm and humid climates [4]. Another strong limitation is 
the lack of an effective multi-sectorial approach, including 
public health, animal health and environment [72]. Finally, 
the epidemiological data obtained on T. solium cysticercosis 
do not reflect the accurate picture of disease prevalence, while 
solid field data evaluating the different intervention tools are 
lacking [72,73]. All the above tend to mask the recognition of 
the depth of the economic and medical impacts associated with 
human taeniasis/cysticercosis [73].

Effective control of taeniasis/cysticercosis is challenging 
and relies on targeting all disease risk factors, along with 
public education on the health issues, especially in endemic 
regions  [49,71]. Towards this direction a computer-based 
T. solium education tool has been developed [71]. Cutting 
off the life cycle of T. solium depends on improvements in 
public sanitation and pig husbandry [5,74]. Pig-rearing 
conditions are believed to be the main risk factor for T. solium 
transmission  [72]. Even though the free-roaming system 
offers an economic advantage to breeders of smallholder pig 
farms in non-industrialized rearing conditions, pigs should 
be kept indoors without any contact with human feces [75]. 
Another approach for tight control of the disease is meat 
inspection in order to condemn infected carcasses or treat 
them accordingly (i.e., by freezing at –10°C for 10  days, 
or heating above 60°C)  [76]. In the European Union, the 
requirements for ante- and postmortem inspection of animals 
for human consumption, including cattle and pigs, are laid out 
in regulation 854/2004 [76]. In the same frame, people must be 
educated to consume only well cooked pork meat [77].

Broader control strategies for developing countries may 
include massive and sustained chemotherapy for humans, 
using praziquantel, niclosamide or albendazole [5,78,79]. 
Notably, commercialized chemotherapy of pigs with a single 
dose of oxfendazole has been shown to treat porcine T. solium 
infections effectively, in terms of interrupting the life cycle of 
the parasite for at least 3 months in field conditions [80,81].

Another attractive option is the vaccination of pigs and 
cattle against T. solium and T. saginata, respectively. In contrast 
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to cattle immunization, which is less important and not 
yet commercialized, pig immunization, using recombinant 
antigens, has attracted interest and demonstrated diverse 
degrees of protection [5,82]. Two major vaccine candidates 
against porcine cysticercosis are now available: S3Pvac and 
TSOL18 [83,84]. The TSOL18 vaccine has proven to be 
very effective under controlled field trials, since two doses 
induce almost complete protection against the development 
of parasites in all vaccinated pigs [85]. TSOL18 vaccine is 
now being commercialized and further tested under natural 
conditions of transmission [5]. However, the need for at least 
2 doses and cold chain, and the setting up of a distribution 
network might hamper the implementation.

Overall, it should be stressed that to reach a substantial and 
sustained reduction of transmission and morbidity, multiple 
tools will have to be combined for a long period [5]. The 
most important concepts regarding the diagnosis, treatment 
and control of taeniasis/cysticercosis disease complexes are 
summarized in Table 2.

Concluding remarks and future perspectives

In spite of considerable scientific progress, our knowledge 
of the taeniasis/cysticercosis complex is still modest and the 
challenges ahead in endemic areas are enormous. Recently, 
several European groups joined forces in a European network 
on taeniasis/cysticercosis, CYSTINET (COST Action TD1302), 
to address these challenges and develop guidelines for the 
management of taeniasis and NCC, including diagnostics, 
patient management and follow up. Further research is needed 
to lead to the development of more effective tools for diagnosis. 
Advanced immunological and molecular markers are the 
baseline for modern diagnostics and should be combined with 
the analysis of spatial patterns of distribution for evidence-
based control. Additionally, future studies should attempt to 
determine whether immune system differences due to genetic 
diversity among human populations (European, African, 
American and Asian) affect the clinical outcome of the disease. 
Towards control of these zoonoses, we have to clarify the exact 
risk factors and their distribution in space and time. This can be 
achieved by integrating human and animal epidemiology with 
parasite ecology and host behavior. Strategies such as the One 
Health concept and cooperation through public and private 

partnerships play a crucial role in ensuring that the global 
control is improving. Another important aspect is the relevant 
education of health professionals, so that cases of taeniasis 
and NCC are diagnosed and managed in a correct way, thus 
decreasing their impact on public health. A major hope resides 
in the genomes and the transcriptomes of tapeworms, which 
have recently been revealed. Next-generation sequencing and 
computational analysis can provide research-based evidence 
towards evolutionary biology, host–parasite relationship and 
immunomodulation. Furthermore, this solid molecular basis 
will provide insights into identification of key excretory–
secretory proteins to advance the fields of diagnosis, 
vaccination, and therapy.
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