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1 INTRODUCTION 

Cestode species of the genus Taenia are intestinal parasites that have infected hu-

mans for thousands of years (SCVPH 2000). An early description of the parasite was 

done by AËTIUS and PAUL in 600-700 A.C. (LEUCKART 1886). The Arabs had de-

scribed the parts of this worm as pumpkin seeds (OSTERTAG 1902). A detailed de-

scription of the worm was given by GOEZE (1782), after LINNE’ 1767 and PALLAS 

1781 had identified the worm (OSTERTAG 1902, LEUCKART 1886). GOEZE defined 

this worm as Taenia cucurbitina grandis, saginata. The parasite had also formerly 

been called as T. inermis in the year 1802 by BRERA (OSTERTAG 1902) and T. 

mediocanellata (KUECHENMEISTER 1855), respectively.  

 

The first description of the cysts in the muscles of bovines was done by REDI in 1684 

in Italy and HARTMANN and WEPFER in Germany (OSTERTAG 1902), who postu-

lated the animal nature of this cyst through its movement and organisation. Through 

an experiment (KUECHENMEISTER 1853) it was found that the development of 

these cysts resembles a stage of the development of the T. saginata. 

 

Taeniosis is the term used for the human disease caused by Taenia tapeworms. T. 

saginata cysticercosis, formerly also defined as Cysticercus bovis, is the larval stage 

of the genus T. saginata, which belongs to the cestoda family Taeniidae, with hu-

mans being the final host and bovines being the intermediate host of this infestation. 

Bovine cysticercosis is the infestation of cattle suffering from cysticerci/cysts of T. 

saginata in their muscles. 

 

The life cycles of T. saginata have partially been interrupted through modern agricul-

tural, husbandry and farming methods used in Europe, but must be assumed as still 

existing in different regions and countries. Unfortunately, there are no officially vali-

dated data either about the incidence and prevalence of taeniosis or cysticercosis, as 

these are not reportable infections. 

 

The meat inspection methods for the detection of T. saginata cysts and the judging of 

the affected beef meat in Germany were firstly organized at 1897 in the Kingdom of 
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Preussen. The methods for the inspection of meat described in this historical regula-

tion are almost identical to the provisions in the current food hygiene legislation in 

most countries of the world: At the slaughterhouse level the meat inspection bases 

upon the visual examination of muscle surfaces followed by palpation and incision.  It 

is known that the visual inspection in many cases is not able to detect the cysts of T. 

saginata, because they are frequently located in tissues other than the predilection 

sites (SCVPH 2000, MINOZZO et al. 2002, WANZALA et al. 2002, SCVPH 2003). 

Also the reliability of the used inspection method is not clearly proved, and the sensi-

tivity of the traditionally used inspection methods for T. saginata cysts has been 

found to be low (KYVSGAARD et al. 1991). Therefore, a reliable in vivo test could 

serve as an alternative test for epidemiological investigations of outbreaks 

(KYVSGAARD et al. 1991) and for more precise detection of the prevalence of this 

infestation.  

 

The confirmation of the cysts of T. saginata is still made solely through macroscopic 

and microscopic methods. New methods for the detection and confirmation of T. 

saginata cysts and for the confirmation of these cysts have partially been described, 

but an adequate evaluation of the reliability of these used methods is still lacking. 

 

The aim of this thesis was to evaluate the reliability of visual diagnosis, molecular and 

serological methods in correlation with each other for the detection of T. saginata 

cysticercosis in bovines. 
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2 BACKGROUND 
2.1 Life cycle of T. saginata 

The life cycle of T. saginata is schematically presented in figure 1. The life cycles of 

tape worms have only been elucidated during the last century, when human and 

animal experiments revealed two separate life cycles for T. saginata and T. solium, 

and revealed the correlation between bovine cysticercosis and human taeniosis 

(SCVPH 2000). The difference between T. solium and T. saginata was elucidated 

after morphological identification of the adult worms and after experimental infection 

of calves with T. saginata eggs and proglottids (KUECHENMEISTER 1853, 

LEUCKART 1863), and the detection of the development of cysts in the muscles of 

calves. Pigs, sheep and other animals had also experimentally been infected with no 

development of cysts in their muscles and body organs (OSTERTAG 1902). Through 

these experiments, the relation between T. saginata and bovine cysticercosis was 

firstly discovered and two separate life cycles of T. saginata and T. solium were de-

scribed. 

 

Ways of dissemination of the eggs are numerous. Indiscriminate defecation by the 

human host may result in the distribution of the eggs or gravid segments on the land 

(WILSON 2005). These eggs can survive for months in the appropriate environment 

(SCHNIEDER et al. 2006), and can be transmitted to the intermediate host through 

sewage sludge or effluent (GRACEY et al. 1999, EFSA 2006). It has been suggested 

that birds, particularly seagulls, may cause further spread by feeding on contami-

nated material (URQUHART et al. 1987, WILSON 2005). When the eggs are in-

gested by the intermediate host (cattle) they become activated by the bile salts and 

the oncospheres penetrate the intestinal wall to the blood stream and are carried to 

various parts of the body, where they develop to T. saginata metacestodes. The 

cysts contain the head (scolex/protoscolex) of the future adult worm. The mature 

cysts are transparent, but with time, the immunologic system of the host kills the Cys-

ticercus forming a caseous or a calcified cyst (McGAVIN et al 2001). The life cycle is 

completed by the ingestion of raw beef which contains viable cysts by the final host 

(humans). The cysts will excapsulate and the scolex adheres to the intestinal wall 

with the help of the suckers. The worm elongates itself by forming the proglottids, 



Background 

 

 14

which are the body segments of the strobila. The segments at the end of the worm’s 

body (gravid proglottids) contain millions of eggs that are capable of infecting thou-

sands of intermediate hosts (GRACEY et al. 1999, WILSON 2005). 

 

 

 
 
Fig. 1: T. saginata life cycle: Proglottids (1). Eggs with oncospheres (2). Cattle as the 

intermediate host (3). T. saginata metacestodes in meat (4). Mature viable cyst (5). A 

scolex and neck of a single larval tapeworm (6). Mature T. saginata (7). The head of 

T. saginata with 4 elliptical suckers with neither rostellum nor hooks (8). 

 

 

 

 



Background 

 

 15

2.2 Health aspects 
2.2.1 Human taeniosis 

In the final host the infection is characterized by the occurrence of the 3.5-30 meter 

long worm in the small intestine of the infected person (GRACEY et al. 1999), who 

may pass millions of eggs daily (URQUHART et al. 1987). An early description of the 

regular shedding of the proglottids from the infected person is attributed to HIPPO-

CRATES (LEUCKART 1886). Normally man only bears one T. saginata at a time. 

The human taeniosis is frequently asymptomatic, however, gastrointestinal discom-

fort including diarrhea, flatulence and abdominal pain is sometimes observed. Adult 

tape worms release egg-containing motile distal segments which are shed and ex-

creted with the feces causing pruritus. These segments can actually move independ-

ently and be the reason for various disorders such as appendicitis, or biliary tract ob-

struction (SCVPH 2000). Among 2200 cases of T. saginata infection in Poland, 

98.0% of the carriers had an active discharge of proglottids, 35.0% with epigastric 

pain, 32.0% nausea, 18.0% loss of weight, 12.0 % reduced appetite (PAWLOWSKI 

1994). Psychological impact of being infected with a large tape worm may be serious. 

High allergic reactions with eosinophilia are associated with taeniosis (CRAIG et al. 

2004). 

2.2.1.1 Diagnosis 

Diagnosis of taeniosis is done through clinical signs when available, followed by the 

examination of the stool of the infected person. Microscopically, the eggs of T. sagi-

nata cannot be differentiated from other Taenia species. The examination of the 

shedded gravid segments could be helpful for partial diagnosis of T. saginata. 

2.2.1.2 Differential diagnosis 

The adult worm in humans can be misdiagnosed with the adult worm of T. solium 

(HARRISON et al. 1990). These can roughly be differentiated from each other 

through morphological examination of the scolex and the lateral branches of the 

uterus (URQUHART et al. 1987, SCHNIEDER et al. 2006). T. saginata scolex, ex-

ceptional among the Taenia species, has neither rostellum nor hooks. The uterus of 

the gravid segment has 15-24 lateral branches on each side of the central stem, 
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while T. solium has 8-14 lateral branches (MORGEN and HAWKINS 1949). Mature 

T. saginata and T. solium proglottids are difficult to identify on morphological grounds 

alone because such feature overlap (PROCTOR 1972). Molecular biology methods 

like polymerase chain reaction (PCR) have been developed and can give a precise, 

sensitive and specific identification of the eggs in stool samples of the patients 

(HARRISON et al. 1990, GONZALES et al. 2002 and 2006). 

2.2.2 Bovine cysticercosis 

The intermediate stage of T. saginata is mainly found in the striated muscles of bo-

vines. The eggs reach the animals through contaminated materials with eggs or 

proglottids. After ingestion of the eggs the oncospheres penetrate the intestinal wall 

and travel via blood to striated muscles (SCHNIEDER et al, 2006). The predilection 

sites of these cysts are the masseter muscles, heart, tongue and the muscles of the 

shoulder and diaphragm, although it has been shown that the cysts could also be 

found in other than these predilection sites and in other organs (MINOZZO et al. 

2002, WILSON 2005). Table 1 showed the locations and the number of detected 

cysts, after experimental infection of calves with T. saginata eggs. 

 

 

Table 1: Total number of recovered cysticerci and their anatomic regions of calves 

experimentally infected with T. saginata eggs (MINOZZO et al. 2002). 

Anatomic Region Total (%) 

Heart 49 (7.0%) 

Diaphragm 18 (2.6%) 

Lung 15 (1.7%) 

Liver 12 (1.0%) 

Tongue 7 (0.4%) 

Kidney 3 (46.0%) 

Anterior muscles 323 (35.1%) 

Posterior muscles 248 (35.3%) 

Head 27 (3.9%) 
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The cysts become visible at the earliest two weeks after the infection. They appear 

as a pale, semitransparent spot about 1 mm in diameter but are not infective to 

man until about 12 weeks later when they have reached their full size of 1cm 

(URQUHART 1987). By then the cysts are walled by the host through a thin fibrous 

capsule, with a visible scolex (WILSON 2005, McGAVIN et al. 2001). Different 

stages of the cysts are shown in figure 2. 

 

   

   
Fig. 2: Different stages of T. saginata cysts: 1- Viable mature cysts. 2- Degenerative 

cheesy and calcified cysts. 

 

 

 

The longevity of the cysts ranges from weeks to years (URQUHART 1987). When 

they die they are usually replaced by a caseous, crumby mass which may become 

calcified (McGAVIN et al. 2001). Both living and dead cysts may be found in the 

same carcass (GRACEY et al. 1999).  

 

Usually cattle show no clinical signs. The cysts are embedded in musculature of cat-

tle throughout the body. Experimentally, calves treated with massive dosages of T. 

saginata eggs have developed severe myocarditis and heart failure associated with 

the developing cysticerci in the heart (URQUHART 1987). 

 

 

1

2
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2.2.2.1 Diagnosis  

In the field, i.e. during the routine meat inspection, the diagnosis of T. saginata cysts 

bases on the morphological appearance. Any alteration with identifiable cyst and fluid 

filled, cheesy or calcified content is assumed to be T. saginata.  

2.2.2.2 Differential diagnosis 

The morphological appearance of the cysts can be confused with other cystic para-

sites. Cysts of T. hydatigena, Echinococcus granulosus, and Sarcocystis species 

(OSTERTAG 1902, GONZALEZ et al. 2006) are the main parasites that can be mis-

diagnosed as T. saginata metacestodes. Abscesses and other local lesions also 

cannot be distinguished. Microscopic examination of the cysts is not unequivocal, 

especially after the degeneration of the cysts. Molecular biology methods like PCR 

might further been used for a definitive identification of the parasite (VAN DER LOGT 

and GOTTSTEIN 2000).  

2.2.2.3 Immunity in cattle against T. saginata  

The immunodominant antigens of T. saginata metacestodes due to the secretory and 

excretory products of the invasive larvae or oncospheres are considered prime im-

mune targets by the bovine immune system (NASCIMENTO et al. 1987, HARRISON 

et al. 1989, HARRISON 1996). T. saginata cysticercosis is characterised by a high 

antibody mediated resistance to secondary infection as established cysticerci can 

survive for several years in hosts which are resistant to secondary challenge with 

oncospheres (FERRER et al. 2003). Resistance against the cysts can also have a 

cellular component (HARRISON and PARKHOUSE 1989). 

 

Efforts to vaccinate cattle against T. saginata cysticercosis were experimentally done 

(LIGHTOWLERS et al. 1996) with a solid immunity against experimental but not natu-

ral infection. 

2.2.3 Effect of processing on meat infested with T. saginata metacestodes 

In early studies, curing, heating and freezing of affected meat have been found to 

inactivate the cysts (OSTERTAG 1902). Amongst others these methods have been 
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developed further and evaluated. As it is shown in table 2 (SCVPH 2000), killing of 

the cysts or inhibition of their development can be done through freezing and heating 

mainly. Irradiation can kill or inhibit the development of the cysts. Cutting or mincing 

can neither inhibit nor kill the cysts. 

 

 

Table 2: Effect of processing on bovine cysticerci in meat and meat products 

Process Characteristics Effect on cyst 

 

Freezing 

-5˚C for 360 hours 

-10˚C for 216 hours 

-15˚C for 144 hours 

 

Death of the cyst 

Heating >56˚C Core temperature for >1 

second  

Death of the cyst 

Irradiation 40/100 K rad Death of the cyst 

Inhibition of development 

Curing aw<0.86 for 3-4 weeks Death of cyst shown under 

experimental condition 

Cutting / Mincing ------------------------- No effect on cyst 

 

 

 

2.3 Surveillance for T. saginata within the European Union 
2.3.1 Legislation  

Guidelines for the visual examination of bovine carcasses for T. saginata cysticerco-

sis and the judgement of affected carcasses have been introduced to legislation 

(“Fleischbeschaugesetz”) in Germany in 1897 (OSTERTAG 1902). Comparable regu-

lations in other countries followed. Recently food legislation in Europe was consoli-

dated without significant changes to the first guidelines as regards content (Directive 

64/433/EEC followed by the Regulation (EC) No 854/2004 European Parliament and 

the Council of 29 April 2004). The inspection procedures defined in current legislation 

is based on visual diagnosis, with no laboratory confirmation of the diagnosis re-

quired. The Regulation (EC) No 854/2004 considered that the post-mortem inspec-
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tion procedures described by this regulation are the minimum requirements for the 

examination for cysticercosis in bovines over six weeks old. In addition, specific sero-

logical tests may be used. In the case of bovines over six weeks old, incision of the 

masseters at post-mortem inspection is not compulsory when a specific serological 

test is used. The same applies when bovine animals over six weeks old have been 

raised on a holding officially certified to be free of cysticercosis. These serological 

methods although legislated, but are still not in use till today. 

 

Directive 2003/99/EC of the European Parliament and the Council of 17 November 

2003 on the monitoring of zoonosis and zoonotic agents, amending Council Decision 

90/424/EEC and repealing Council Directive 92/117/EEC, defined T. saginata cysti-

cercosis as zoonosis and zoonotic agent to be monitored according to the epidemiol-

ogical situation. This monitoring system has still not been installed. The reporting and 

the registration of cases of T. saginata cysticercosis and taeniosis are not obligatory 

in Europe. According to the World Organisation for Animal Health (OIE), eight mem-

bers of the European Union reported cases of bovine cysticercosis in 2004, but it is 

highly probable that bovine cysticercosis has been detected but not reported in other 

countries (EFSA 2006).  

2.3.2 Practical meat inspection 

The first description of inspection procedures for T. saginata cysticercosis in the 

“Fleischbeschaugesetz” (OSTERTAG 1902) consisted of the following steps: mor-

phological examination of the muscle surfaces of the carcass, inspection of heart and 

tongue and inspection of surfaces after incision of the muscles of mastication. 

The following regulations in Germany were more difficult and strict, as the examina-

tion of bovines over six weeks of age was done as follows (GRACEY et al. 1986): 

1- A longitudinal incision is made through the pericardium and myocardium, opening 

both ventricles and incising the septum. 

2- Two further incisions are made in the heart from auricles to apex. 

3- One longitudinal incision is made through the lower surface of the tongue after its 

removal. 

4- At least two incisions parallel with the lower jaw through the inner and outer mas-

seter muscles are made (eight incisions in all). 
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5- The muscular portion of the diaphragm is examined after removal of its serous 

covering. 

6- The oesophagus and all visible mucous surfaces are examined. 

 

According to the Regulation (EC) No 854/2004 of the European Parliament and 

council that is now in act, carcasses and offal of bovine animals over six weeks old 

are to undergo the following post-mortem inspection procedures concerning cysts of 

T. saginata: 

1- Visual inspection of the head, examination of the external masseters, in which two 

incisions must be made parallel to the mandible, and the internal masseters (in-

ternal pterygoid muscles), which must be incised along one plane. The tongue 

must be freed to permit a detailed visual inspection of the mouth and must itself 

be visually inspected and palpated.  

2- Inspection of the oesophagus. 

3- Visual inspection of the pericardium and heart, the latter being incised lengthways 

so as to open the ventricles and cut through the interventricular septum. 

4- Visual inspection of the diaphragm. 

5- The post-mortem inspection procedures described in this regulation were consid-

ered the minimum requirements for the examination for cysticercosis in bovine 

animals over six weeks old. In addition, specific serological tests may be used. 

6- In the case of bovines over six weeks old, incision of the masseters at post-

mortem inspection is not compulsory when a specific serological test is used. The 

same applies when bovine animals over six weeks old have been raised on a 

holding officially certified to be free of cysticercosis. 

7- Additional examinations are to take place, such as palpation and incision of parts 

of the carcass and offal and laboratory tests, whenever considered necessary. 

 

In the European Union, the current legislations for meat inspection depend mainly on 

the visual examination following incisions and palpations. The diagnosis of the cysts 

is dependent on the visual identification of the cysts that may be misdiagnosed with 

other lesions, or sometimes not found at the incised sites. Many incisions that were 

done in the past are abandoned nowadays according to the new rules, making the 

new legislative methods almost the same or less than the methods that were done at 

first in the 20th century.  
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Exact identification of the cysts with laboratory methods is not legislated. The use of 

serological methods to identify the infected animals or the cysticercosis-free farms as 

mentioned by this regulation is not used till now. 

2.3.3 Judgment 

According to Regulation (EC) No 854/2004 meat infested with cysticercosis has to be 

declared unfit for human consumption. However, when the animal is not generally 

infected, parts without alterations may be declared fit for human consumption after 

having undergone a cold treatment.  

According to Directive 64/433/EEC, with a localised infestation there is a requirement 

to freeze the carcass at a temperature of at least -7˚C (20˚F) for not less than 21 

days or at a temperature of at least -10˚C (14˚F) for not less than 14 days before re-

lease for human consumption. 

Substantial, current judgement follows the historical definitions of the German    

“Fleischbeschaugesetz” of 1897 (OSTERTAG 1902) as shown in Fig 3. 

 

         Classification of the infested meat 
Slightly infested carcasses    Intensive infested carcasses  
* With less than ten live cysts     * With more than ten live cysts 

in the whole carcass and offal.     in the whole carcass and offal 

 

 

 

 

 

 

 

 
Fig. 3: Classification and judgment of the infested meat. 

 

 

 

 

Judgment Judgment 

Total condemnation of the 

carcass and the offal. 
• Fat allowed after treatment 

• Liver, spleen, kidneys, and the gas-

trointestinal tract are allowed after 

veterinary inspection. 

• The meat is conditionally approved  
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2.4 Molecular biology and serological methods for the detection of T. 
saginata 

2.4.1 Polymerase chain reaction (PCR) 

DNA sequence based primers for the diagnosis of T. saginata have been designed 

mainly to differentiate between taeniosis caused by T. saginata and taeniosis caused 

by T. solium, due to the severity of T. solium infections in man.  

 

BARKER (1989) reviewed the various uses and applications of DNA probes in para-

sitology and HARRISON (1990) described the preparation of genomic library of T. 

saginata and the selection of clones of two DNA sequences, HDP1 and HDP2. While 

HDP1 proved to be specific for T. saginata, HDP2 reacted both with DNA of T. sagi-

nata and T. solium. Cysticerci, proglottids and eggs from both T. saginata and T. 

solium were also examined with PCR using primers based on HDP1 and HDP2 DNA 

sequences. Using HDP1 based primers it was possible to detect DNA from T. sagi-

nata eggs, proglottids and cysts with a basic detection level of 200ng DNA 

 

GONZALEZ et al. (2000, 2006) developed and evaluated a diagnostic technique 

based on a multiplex PCR with the use of HDP1 and HDP2 based primers as spe-

cies-specific primers. 

 

After this, DNA sequence based primers was established (VON NICKISCH-

ROSENEGK et al. 1999). The specificity of this method was low, as it differentiates 

between the genus Taenia in general and other parasites, meaning that it was ge-

nus-specific but not species-specific. The same results were obtained using a real 

time PCR method (MAYTA et al. 2000) for the differentiation of cestode proglottids. It 

could just differentiate Taeniidae from others parasites.  

 

YAMASAKI et al. (2004) described a multiplex PCR for the diagnosis of taeniosis and 

cysticercosis either by T. saginata or T. solium. Although the detection of DNA mate-

rial from eggs, cysts and proglottids was successful, the sensitivity and specificity of 

this method were not calculated and still need to be evaluated. 
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VAN DER LOGT and GOTTSTEIN (2000) subjected 38 cysts derived from slaugh-

tered cattle to a diagnostic PCR designed to identify Taenia saginata DNA. No T. 

saginata DNA was found. 

2.4.2 Antibody ELISA 

Immunity against Taeniid parasites is antibody mediated through the formation of IgG 

and IgM immunoglobulins. The antibody response is targeted on the secretory and 

the excretory products of the invasive metacestode (FERRER et al. 2003, HARRI-

SON et al. 2005, HARRISON and PARKHOUSE 1989, VAN KERCKHOVEN et al. 

1998). 

 

For the establishment of an antibody ELISA the following methods have been used: 

a.  Crude extract of homogenized adult T. saginata (CRAIG and RICKARD 1980), 

b. Excretory-secretory antigen produced by in vitro cultivation of T. saginata meta-

cestode (HARRISON and SEWELL 1981), 

c. Detergent extract of T. saginata metacestode surface antigens (GIBBENS et al. 

1986, HARRISON et al. 1989,  KYVSGAARD et al. 1991),  

d. T. crassiceps crude antigen (GEERTS et al. 1981), 

e. Antigenic fraction of T. hydatigena cyst fluid (RHOADS et al. 1985, KAMANGA-

SOLLO et al. 1987).  

 

Most of the tests were found to be sensitive to detect rising serum titres in experi-

mentally infected calves.  

Unfortunately the above mentioned methods have several disadvantages regarding 

the use in standard applications. The preparation and extraction of the antigen with 

most of these methods used is complex and expensive. Cross reactions with antibod-

ies against Fasciola hepatica, T. hydatigena, Fasciola gigantica and other parasites 

common in cattle have been demonstrated in several of these tests (CRAIG and 

RICKARD 1980, RHOADS et al. 1985, HARRISON et al. 1989, KYVSGAARD et al. 

1991). In general, the antigen components have been shown to be highly specific to 

Taeniid cestodes (genus-specific but not species-specific).  

 

The main problem in using these tests was their specificity. Antibody levels of unin-

fected control animals were found in some tests being low in young calves, but in-
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creased in older animals. These reactions were probably caused by cross reacting 

antibodies acquired during other infections whether parasitic or bacterial.  

 

Recently, the use of synthetic peptides as antigens for the detection of T. saginata 

metacestodes’ antibodies (FERRER et al. 2003, HARRISON et al. 2005) has been 

described. These peptides were predicted from the nucleotide sequence of four 

genes cloned by antibody/DNA selection from a T. saginata oncospheres cDNA li-

brary.   

2.4.3 Antigen ELISA 

Among the antibody ELISA, several attempts have been made to develop an antigen 

ELISA. Antigen ELISAs detect the excretory/secretory products of the living parasite.  

 

a.  Polyclonal sera (HARRISON 1996): this method had a poor sensitivity with a poor 

signal, with a high background and significant antibody cross reactivity with other 

parasitic products. 

 

b. Monoclonal antibody for the detection of circulating parasite products (NAS-

CIMIENTO et al. 1987, HARRISON et al. 1989): These monoclonal antibodies 

were reactive with a repetitive carbohydrate epitope present on the surface and 

the secretions of T. saginata metacestodes. The minimum number of cysts per 

animal for a positive result was between 30 and 50 with this test. Therefore the 

sensitivity is low in slightly infested animals, possibly resulting in an underestima-

tion of the real prevalence. 

2.5 Prevalence and incidence of T. saginata in the European Commu-
nity 

The first published data about the prevalence of bovine cysticercosis as reported 

from meat inspection authorities in Germany was a rate of 0.3% slightly or intensive 

infested carcasses in 1904. In 1936 a comparable prevalence rate of 0.4% was re-

ported. After the second world war the prevalence increased significantly up to 2.0% 

(OSTERTAG and GOERTTLER 1958). 
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Between the beginnings of the fifties till the end of the sixties, the prevalence of bo-

vine cysticercosis in some districts in East Germany (former German Democratic Re-

public) raised from 2% to 7.9% (MEICHSNER 1986). 

In the administrative district Dresden as an example, there was a significant increase 

of the prevalence from 4.5% in 1970 to 7.1 % in 1983 (MEICHSNER 1986). 

 

As shown in table 3, estimates based on computations from incidence and based on 

the sales figures of specific antiparasitic drugs in man indicate 2% of human popula-

tions in Europe are infested with T. saginata (SCVPH 2003). 

 

 
 

Prevalence of bovine cysticercosis in various European countries based on slaugh-

terhouse data varies between 0.01% and 6.8% as it has been reviewed in the Euro-

pean Commission (SCVPH 2000). The real prevalence is expected to be 3-10 times 

higher than the estimated prevalence (GEERTS et al. 1981, VAN KNAPEN u. BUYS 

1985, ONYANGO-ABUJE et al. 1996, DORNY et al. 2000), since light infestations of 

the carcasses are unlikely to be detected during meat inspection, because the cysts 

are frequently to be found in other locations than the predilection sites (SCVPH 

2000b, EFSA 2006). 

Table 3: Prevalence of bovine cysticercosis and incidence of human taeniosis in 

various European countries (SCVPH 2000). 

Country Cysticercosis prevalence (%) Taeniosis Incidence (%) 

Denmark 

Germany: 

   -former East 

   -former West 

Netherlands 

Belgium 

Spain 

Poland 

Italy 

0.1-0.7 

 

4.5-6.8 

0.4-0.8 

1.8-2.2 

0.03-0.2 

0.007-0.1 

0.24 

0.02-2.4 

0.02 

 

0.33-0.62 

0.09 

0.14 

0.26-0.46 

--- 

1.64 

0.02-0.04 
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2.6 Economical aspects 

The economic losses are closely associated with status of the infection. Cysticercosis 

is a significant cause of production losses in Europe and other western countries and 

is an impediment to the export of beef from many developing countries. For instance, 

Africa suffers great losses due to cysticercosis, as these are estimated to be $1.8 

billions annually (HARRISON 1996). The costs of refrigeration, handling and trans-

port are estimated in England alone £100 per carcass or £4.0 million annually 

(GRACEY et al. 1999). In South America, the total annual loss reaches $ 420 million 

(SÉRGIO DE ARRUDA PINTO et al. 2002). Accurate estimations of economic losses 

in other countries are lacking, as there is no reporting system for this infection. 
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3 SCOPE OF THE THESIS 

The aim of the present thesis was to elucidate the different factors influencing the 

determination of the prevalence of T. saginata cysticercosis using visual examination 

of the cysts in correlation with molecular biological examination (PCR), and with sero-

logical examination (ELISA) of the serum and meat juice of infested and non infested 

animals. 

 

The statutory meat inspection methods used at the slaughterhouse are based on the 

sensory examination of the carcass, that is performed in the same manner since 

more than 100 years. Although there were a significant number of published studies 

on T. saginata with analytical methods, sufficient information to allow calculation of 

sensitivity, specificity, negative and positive predictive values of the used methods is 

missing (SCVPH 2000). Therefore it is necessary to evaluate the different methods 

and estimate their sensitivity and specificity values. 

 

First, it will be important to study the morphological properties of the alterations iden-

tified as T. saginata metacestodes during practical meat inspection at the slaughter-

house in correlation with site, number of cysts, size and the constituents, gender and 

the age of the tested animals.  

 

Further, PCR should be used to confirm or reject the morphological diagnosis of T. 

saginata metacestodes. The sensitivity of PCR related to the quantity of detectable 

DNA of adult worm and cysts of T. saginata will also need evaluation. 

 

Finally, there is an urgent need for a practical, sensitive and specific serological 

method for the detection of infested carcasses, to build up effective surveillance and 

control systems. Therefore it is a main goal of this study to develop and validate a 

serological method (ELISA) for the detection of antibodies against T. saginata cysti-

cercosis. The sensitivity and specificity of the ELISA with different antigens should be 

evaluated in correlation with reference samples and the results obtained with visual 

inspection and PCR. 
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4 VISUAL DIAGNOSIS 
4.1 Materials and methods 

A total of 552 cysts were collected from March 2004 to March 2006 from two main 

abattoirs in northern Germany. Each sample was accompanied with a special docu-

mentary form (attachment 4). The cysts were classified by the usual organoleptic 

methods during meat inspection as T. saginata metacestodes. The reported preva-

lence of cysticercosis in the abattoirs was 0.5 and 1.1%, respectively. The cysts were 

examined macroscopically and classified according to MINOZZO et al. (2002) as vi-

able or degenerative. Fluid-filled, viable cysts were considered mature when they 

contained a protoscolex. Those without a distinct protoscolex were considered imma-

ture. Degenerative cysts were classified as calcified when their contents were solid; 

as cheesy when smooth; or dull when they contained no contents and were appar-

ently neither viable nor degenerative (attachment 1). A detailed description of the ex-

amined cysts is given in attachment 5. 

4.1.1 Origin of the samples 

As shown in figure 4, most of the samples were from 5 federal states at the northern 

part of Germany. 40.1% and 24.4% of the samples originate from the federal states 

Mecklenburg-Vorpommern and Niedersachsen respectively. Schleswig-Holstein and 

Brandenburg took the third and the fourth place with 14.8% for each of them. 

 

Figure 5 showed that 20.0% of the samples were concentrated at the administrative 

district Demmin in Mecklenburg-Vorpommern, followed by the administrative district 

Ludwigslust, where 14.0% of the samples originated in this state. 
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Fig. 4: Origin and distribution of the samples from the north of Germany (n=552) 

 

 

 
Fig. 5: A map of the federal state Mecklenburg-Vorpommern showing the origin and 

the distribution of the samples within this area (n=222).  
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4.2 Results 

Parts of the results, 388 morphologically examined cysts, have already been pub-

lished (see attachment 2). After completing the morphological examination of 552 

cysts, 40 (7.3%) were found viable, while 449 (81.3%) were degenerative. Most 

(81.5%) of the cysts were located in the Masseter muscle. In the present study, a 

single cyst was reported in 88.7% of the examined cases, two cysts in 5.0%, and 3 or 

4 cysts in just 0.4%. More than two-thirds (75.4%) of the positive cysts had a size 

between 2X2 and 5X5 mm. Smaller cysts were also not unusual (see attachment 2). 

Location, size, and morphological classification of the examined cysts are shown in 

tables 4, 5 and 6. 

 

Table 4: Location and number of the examined cysts (n=552) 

Site of cyst1 M. masseter 

(%) 

M. pterygoides 

(%) 

Heart 

(%) 

Diaphragm (%) 

Number per 

site (%) 

450 

(81.5%) 

14 

(2.5%) 

84 

(15.2%) 

4 

(0.7%) 
1 Other sites like anterior or posterior muscles have not been examined at the slaughterhouse. 

 

Table 5: Size and number of the examined cysts (n=552) 

Size > 5X5 mm 2X2–5X5mm < 2X2mm  

Number 

(%) 

50 

(9.1%) 

416 

(75.4%) 

86 

(15.6%) 

 

 

Table 6: Morphological classification of the examined cysts (n=552). 

Viable cysts Degenerative cysts Dull3 (%) 

Mature1 

(%) 

Immature2 

(%) 

Calcified 

(%) 

Cheesy 

(%) 

 
 

Contents 

28 

(5.1%) 

12 

(2.2%) 

172  

(31.2%) 

277 

(50.2%) 

 

63 

(11.4%) 

1 Fluid-filled cysts with protoscolex. 
2 Fluid-filled cysts without a clear protoscolex  
3 With neither fluid nor pus 
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Table 7 shows a comparison between the gender and the age of the animals with the 

number and viability of cysts. 72 (13.8%) of the infested animals were males, 

whereas 449 (86.2%) were females. 50 (69.4%) of the infested males were younger 

than 25 months. In contrast, the highest percentage of positive female animals (211 

[47.0%]) were older than 60 months. 

7.5% of the total infested animals had viable cysts, whereas the percentage was 

16.7% for the males and 6.0% for the females. 10 (83.3%) of the male animals with 

viable cysts were younger than 25 months, whereas 2 (7.4%) of the female animals 

were younger than 25 months.  

 

 

Table 7: Gender and age of the animals with cysts and the number of viable cysts in 

each group. 

Gender/age ≤24 

months 

25-36 

months

37-48 

months 

49-60 

months 

>60 

months 

Total (%) 

animals 

with 

cysts 

 

50 

 

17 

 

2 

 

2 

 

1 

 

72(13.8%) 

 

Males 

viable 

cysts 

 

10 

 

2 

 

0 

 

0 

 

0 

 

12 

animals 

with 

cysts 

 

37 

 

60 

 

60 

 

81 

 

211 

 

449(86.2%) 

 

Females 

viable 

cysts 

 

2 

 

7 

 

2 

 

4 

 

12 

 

27* 

Total 87 77 62 83 212 521 (100%) 

* One animal had 2 viable cysts. 
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5 PCR 
5.1 Materials and methods 

The DNA from the 552 cysts that were morphologically examined, was extracted, 

from which PCR using two sets of primers (HDP1 and HDP2) with different sensitivity 

levels was operated. A complete description of the methods used is detailed in at-

tachment 2. 

5.2 Results 

Results from the PCR examination of 267 cysts have already been published (see 

attachment 2). All the cysts identified as positive using HDP2 primers were also posi-

tive using HDP1 primers. 75.0% of the samples originating from the federal state 

Mecklenburg-Vorpommern were positive, and they are concentrated also in the ad-

ministrative district Demmin, were the highest percentage (82.0%) of positive sam-

ples was observed. A detailed description of the morphological examination in corre-

lation with PCR is given in attachment 5. 

5.2.1 HDP1 

Results showed a ladder pattern of between 10 and 11 bands, approximately 50 bp 

apart. HDP1 primers detected T. saginata DNA at a sensitivity of 200 fg, and T. sagi-

nata cysts’ DNA at 100pg (see attachment 2). 

As shown in table 8, PCR confirmed 380 cysts as T. sagianata metacestodes 

(68.8%), of which 35 (9.2%) were viable. 5 of the viable cysts tested negative with 

both primers, two of these cysts were mature. The other cysts were degenerative and 

of different morphological appearance. From the cheesy cysts 76.1% tested positive. 

From the dull cysts just 53.1% showed positive results. 

5.2.2 HDP2 

Results showed a 600-bp band. HDP2 primers detected T. saginata DNA with a sen-

sitivity of 1 pg, and T. saginata cysts’ DNA at 1ng (see attachment 2). 

PCR determined that 13 (4.9%) cysts were T. saginata metacestodes, 10 of which 

(76.9%) were viable. Results of PCR examination of the cysts based on the HDP2 
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primers is shown in table 8. From the viable cysts 40.0% tested positive. 1.2% from 

the cheesy cysts showed positive results. Positive calcified and dull cysts were 0.8% 

and 3.3% respectively. 

 

 

Table 8: PCR with HDP1 and HDP2 primers for the detection of T .saginata cysticer-

cosis (n=552 and 267, respectively). 

Morphological                  HDP1              HDP2         

Classification        Number  Positive (%)        Number  HDP2+ 

Viable cysts: 
 Mature1  28  26(92.9%)  17  7(41.2%) 

 Immature2  12   9(75.0 %)  8  3(37.5%) 

 Total   40   35(87.5%)  25  10(40.0%) 

Degenerative cysts: 

 Calcified  172  101(58.7%)  128  1(0.8%) 

 Cheesy  276  210(76.1%)  84  1(1.2%) 

 Dull3:   64  34(53.1%)  30  1(3.3%) 

 Total   512  345(67.4%)  242  3(1.2%) 

___________________________________________________________________ 
Total:    552  380(68.8%)  267  13(4.9%) 
1 Fluid-filled cyst with protoscolex. 
2 Fluid-filled cysts without a clear protoscolex  
3With neither fluid nor pus. 
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6 ELISA 
6.1 Materials and methods 

Two peptides HP6-2, Ts45S-10 (FERRER et al. 2003, HARRISON et al. 2005) and a 

pooled preparation of both peptides were used as antigens to establish an antibody 

ELISA. For the accomplishing and standardisation of the ELISA see attachment 3. 

These peptides were evaluated and their cut-off points with both serum samples and 

meat juice samples were calculated. ELISA results from these different peptides were 

compared. The sensitivity of a given peptide was calculated as the probability of a 

positive ELISA test either with serum or meat juice, among animals with proven cysti-

cercosis. Specificity was calculated as the probability of a negative test among ani-

mals free of cysticercosis  

6.1.1 Serum samples  

The methodology of the examination of the serum samples and the aim of the testing 

of each group of the negative and positive serum samples are shown in figure 6. 

6.1.1.1 Cut-off point, sensitivity and specificity determination 

6.1.1.1.1 Cut-off point from negative sera (population 1) 

Referring to attachment 3, in order to determinate the optical density (OD) values, at 

which a sample must be considered positive, the cut-off point of anamnestically 

known T. saginata negative defined serum samples was determined. 101 serum 

samples were gathered from the Institute for Parasitology – Hanover. The cut-off 

point was calculated for each of the peptides by using these negative serum samples 

as a defined negative population for the determination of the cut-off point for the se-

rum samples (see attachment 3). 

6.1.1.1.2 Sensitivity and specificity from negative sera (population 2)  

These samples (n=50) were obtained from the university of Zurich, Switzerland. They 

were used as a second defined T. saginata negative population for the detection of 

sensitivity and specificity of serum samples using the different peptides. The values 

of the cut-off point determined from the first negative population were used for the 

determination of sensitivity and specificity with this second negative population. 
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Figure 6: Illustration of the methodology used for the ELISA test using serum sam-

ples. 

 

 

6.1.1.1.3 Positive sera  

Seven positive serum samples were collected from animals experimentally infected 

with T. saginata eggs by the Agricultural Research Institute, Muguga, Kenya. The 

blood was collected in intervals before and after the infection. Samples were taken at 

the days 35, 49, 51, 99, 116, 123, 222, 263 and 302 post infection, respectively. Ad-

ditionally, two positive reference serum samples were obtained from Dr. L. Harrison 

from the Division of Animal Health and Welfare incorporating in the Centre for Tropi-

cal Veterinary Medicine at the University of Edinburgh, UK. 

 

 

Negative samples(n=101) 

Hanover - Germany 

Pooled peptides 

Ts45S-10 HP6-2 

Ts45S-10 HP6-2 

Pooled peptides 

Serum samples 

Positive F. hepatica sam-

ples (n=6) (Zurich) 

Positive samples from 

Kenya and England (n=9) 

Cut-off point determination 
(Population 1) 

Negative samples (n=50) 

Zurich, Switzerland 

Sensitivity and Specificity 
(Population 2) 
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6.1.1.1.4 Sera positive for F. hepatica  

Six serum samples obtained from the university of Zurich, Switzerland. These were 

gathered from naturally infected animals with a high antibody titre against F. hepat-

ica. These samples were tested with the three peptides to describe any potential 

cross reaction with the antibodies against F. hepatica. 

6.1.1.2 ELISA application after evaluation 

The peptide revealing the highest sensitivity and specificity was used to examine 128 

random field samples and 60 serum samples from animals with cysts that had been 

tested positive with the PCR previously. The random samples were collected from 

the flowing blood out of the jagular veins of the slaughtered animals direct after 

slaughtering. The serum samples from animals with cysts were collected at slaugh-

terhouses from the hearts of slaughtered animals with cysts during meat inspection. 

The blood was after this centrifuged and the serum extracted. 

6.1.2 Meat juice samples 
6.1.2.1 Cut-off point, sensitivity and specificity determination 

102 meat samples of 50-100 g 

each from young calves (2-6 

months old) reared under hygienic 

isolated conditions were collected 

in a slaughterhouse. The samples 

were frozen at -18˚C, and then 

transported to the laboratory prior 

use. To gain meat juice, thawing of 

the meat samples was done in a 

refrigerator over night, 0.5-1 ml of 

the liquid was collected and kept at 

-80˚C until used for ELISA. These 

negative meat juice samples were 

used to determine the cut-off point, 

sensitivity and specificity of the 

Meat juice samples

 
 Calculation of the cut-off point, sensitivity and 

specificity  
 

 Negative samples from young 
calves (n=102)  

 Ts45S-10    HP6-2 
 

 Pooled peptides 
 

Figure 7: Illustration of the methodology used 

for the ELISA test using meat juice samples. 
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ELISA using meat juice. Figure 7 illustrates the methodology used to evaluate the 

meat juice samples. 

6.1.2.2 ELISA application after evaluation 

The peptide revealing the highest sensitivity and specificity using meat juice samples 

was used to examine 88 meat juice samples from animals with cysts. These cysts 

were tested positive with the PCR. 

6.2 Results 

A detailed description of the ELISA results concerning standardisation and determi-

nation of cut-off points is given in attachment 3. 

6.2.1 Serum samples  
6.2.1.1 Cut-off point, sensitivity and specificity determination 

6.2.1.1.1 Cut-off point from negative sera (population 1) 

The average OD values for the negative and positive serum samples, cut-off points 

and the dilutions for the different peptides used are given in table 9. The dilution of 

the serum in blocking buffer using the HP6-2 peptide was 1:800, while it was 1:100 

using the Ts45S-10 peptide and the pooled peptides.  

6.2.1.1.2 Sensitivity and specificity from negative sera (population 2)  

Some individual negative samples of serum showed higher OD values than the cal-

culated cut-off point. Per definition, these samples were considered as false positive 

samples (table 10).  The calculated sensitivity and specificity percentages for the dif-

ferent peptides are also given in table 10. The sensitivity and specificity of the pep-

tide HP6-2 were the same and showed (100%) for both of them. The same results 

were obtained using the peptide Ts45S-10 with serum samples. 
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Table 9 Comparison of the ELISA results for negative serum and meat juice samples 

using HP6-2, Ts45S-10, and pooled peptides. 

HP6-2 

2µg/ml 

Ts45S-10 

2µg/ml 

Pooled peptides 

2µg/ml 

 

Serum 

n=102 

Meat juice 

n=104 

Serum 

n=101 

Meat juice 

n=102 

Serum 

n=101 

Meat juice 

n=102 

Dilution 1:800 1:200 1:100 1:20 1:100 1:20 

Average 

OD/SD for 

the negative 

samples 

 

0.646/ 

±0.189 

 

0.738/ 

±0.176 

 

0.577/ 

±0.151 

 

0.343/ 

±0.102 

 

0.649/ 

±0.177 

 

0.379/ 

±0.103 

Cut-off point 1.023 1.091 0.879 0.547 1.004 0.584 

Average OD 

for the posi-

tive samples 

 

1.702 

 

1.638 

 

1.463 

 

1.491 

 

1.384 

 

1.291 

 

 

 

Table 10: Sensitivity and specificity of antibody ELISA using different peptides 

 Sample TP1 FP2 TN3 FN4 Sensitivity % Specificity % 

Serum5, 6 9 0 50 0 100.0 100.0 HP6-2 

 Meat juice7, 8 44 6 98 9 83.0 94.2 

Serum5, 6 9 0 50 0 100.0 100.0 Ts45S-10 

 Meat juice7, 8 55 7 95 0 100.0 93.1 

Serum5, 6 9 1 49 0 100.0 98.0 Pooled 

peptides Meat juice7, 8 55 5 97 0 100.0 95.1 
1True positive samples. 
2False positive samples. 
3True negative samples. 
4False negative samples. 
5Total number of negative serum samples tested (Population 2) = 50. 
6Total number of positive serum samples tested =9. 
7Total number of negative meat juice samples tested = 104 for HP6-2, and 102 sam-
ples for both Ts45S-10 and the pooled peptides.  
8Total number of positive meat juice samples tested = 53 for HP6-2, and 55 for both 
Ts45S-10 and the pooled peptides.  
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6.2.1.1.3 Positive sera  

Using HP6-2 peptide the mean OD value for the positive serum samples was 1.702 

(±0.263 SD). Following the experimental infection done by the Agricultural Research 

Institute, Muguga, Kenya, antibodies could be detected for the samples taken after 

day 51 post infection. Meaning that the samples taken at the days 99, 116, 123, 222, 

263, and 302 post infection reacted positively with the ELISA and gave high OD val-

ues (>1.023) using HP6-2 peptide. 

6.2.1.1.4 Sera positive for F. hepatica  

The ELISA results showed no cross reaction with the antibodies against F. hepatica. 

The average OD values of these 6 serum samples from animals naturally infected 

with F. hepatica using HP6-2 peptide was 0.327 (SD±0.038), using Ts45S-10 peptide 

was 0.569 (SD±0.066), and with pooled peptides was 0.468 (SD±0.044). 

6.2.1.2 ELISA application after evaluation 

Fifty-five out of 60 serum samples from animals with cysts (91.7%) gave positive re-

sults with the ELISA using HP6-2 peptide. Five samples had OD values lower than 

the estimated cut-off point. This means that in 8.3% of the animals harbouring T. 

saginata metacestodes antibodies could not be detected with this ELISA. 

From the 128 examined random serum samples, 20 (15.6%) samples revealed a 

positive titre in the antibody ELISA with HP6-2. 

6.2.2 Meat juice samples 
6.2.2.1 Cut-off point, sensitivity and specificity determination 

The average OD values for negative and positive serum or meat juice samples, cut-

off points and the dilutions for the different peptides used are given in table 9. For the 

meat juice samples the dilution was very low compared with the serum samples, as it 

was 1:200 with HP6-2 and 1:20 with the pooled peptides. Some individual negative 

samples of meat juice showed higher OD values than the calculated cut-off point. 

These samples were considered as false positive samples per definition (table 10). 

Table 10 shows also the calculated sensitivity and specificity percentages for the dif-

ferent peptides. The pooled peptides showed a sensitivity of 100.0% and a specificity 

of 95.1%, which was higher than the ELISA results using the other peptides. 
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6.2.2.2 ELISA application after evaluation 

All the tested 88 meat juice samples from animals with cysts gave OD values more 

than the predicted cut-off point using the pooled peptides. Meaning that all the tested 

meat juice samples from animals with cysts, which tested positive with the PCR, had 

antibodies against T. saginata metacestodes. 
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7 DISCUSSION 

The purposes of meat inspection are to assure public health aspects, monitoring of 

animal health and welfare as well as assisting in herd health management (SCVPH 

2003). The traditional methods of meat inspection alone are not able to fulfill these 

requirements. As a matter of fact, there is a lack of reliable and effective alternative 

methods that can fully or even partially replace traditional meat inspection proce-

dures, particularly with regard to the detection of T. saginata cysticercosis. 

 

Furthermore, although control of T. saginata cysticercosis can be achieved through 

improvements in public health, sanitation and animal management/husbandry prac-

tices (GONZALES et al. 2006), any effective control program requires specific and 

sensitive diagnostic tools. 

 

It was shown that alternative methods should be introduced to meat inspection, to 

help with a more accurate diagnosis of the detected cysts and for more accurate de-

termination of the prevalence of T. saginata cysticercosis. Also a special recording 

system must be implemented, which allows the flow of data both from and to the 

slaughterhouse for both animal health and public health reasons. 

 

The experimental design of this thesis was constructed in three directions, which 

meet each other and reflect the positive and the negative sites of the different meth-

ods used. Also each method was evaluated in relation with the others. 

7.1 Morphological examination 

The shallow detection of cysticercosis at the slaughterhouse is the same used since 

more than a century without any remarkable positive changes. In the contrary, the 

new legislations for meat inspection concerning T. saginata cysticercosis are becom-

ing more superficial and less reproducible, because there are fewer sites to be in-

spected according to the new rules.  

 

Site of the cysts: the sites of the diagnosed cysts in this thesis were concentrated in 

the masseter muscle and the heart respectively. The sites of diagnosed T. saginata 
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cysts in the slaughterhouse Berlin/Spandau (GOETZE 1989) from 1981 to 1988 were 

also mainly in the masseter muscle (71.1%) and the heart (27.1%) respectively. De-

tectable cysts in other sites like diaphragm or sublingual muscle harboured just 1.8%. 

These previous results are comparable with those found in the present study. 

 

Nevertheless, there is clear evidence that the established meat inspection methods, 

i.e. the inspection of predilection sites, are imperfect for the detection of T. saginata 

cysticercosis. KOSMINKOV (1986) showed in a study performed in a slaughterhouse 

in Lyon that with traditional meat inspection methods a prevalence of 2% for bovine 

cysticercosis was calculated, whereas using additional incisions in different parts of 

the carcass increased this rate up to 22.0%. Almost the same results were reported 

by MINOZZO et al. (2002). The sites where the cysts have been detected were just 

the locations at the carcass that are examined routinely at the slaughterhouse. It is 

considered that if a cyst is found, this indicates infestation and more cysts are proba-

bly present (WILSON 2005).  

 

Size of the cysts: in general, the constituents of larger cysts can easier be examined 

visually. The low percentage of small cysts (15.6%) within this study might be due to 

the fact that small cysts are not easily detected during the visual examination of the 

carcass, so that they escape detection. Furthermore, small cysts might be misdiag-

nosed with other alterations as small abscesses or other parasites as Sarcocystis as 

an example. 

 

Constituents of the cysts: as it was shown with the morphological examination of 

the cysts collected at the participating slaughterhouses in this study, many degenera-

tive cysts, either cheesy or calcified, and also dull cysts, were visually diagnosed as 

T. saginata metacestodes, although they have no further features confirming that 

they belong to this parasite. Furthermore some infested animals had two cysts with 

different morphological appearance.  

 

The percentages of the viable cysts and the degenerative cysts detected in the 

slaughterhouse of Berlin/Spandau were 29.6 and 70.4%, from 1981 to 1988 respec-

tively (GOETZE 1989). Comparing these results with the percentages of viable cysts 

and degenerative cysts detected during the present study (7.3 and 81.3% respec-
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tively) indicates that viable cysts have been detected about four times more frequent 

than the viable cysts from the cooperated slaughterhouses with this thesis. This can 

be attributed to a fresh infestation or even a kind of repetitive infestation, as many of 

these animals had viable cysts and degenerative cysts at the same time. Further, the 

reported prevalence of bovine cysticercosis in the slaughterhouse of Berlin was 4.8% 

for the mentioned period for both light and intensive infestations (GOETZE 1989). 

This is a significant higher percentage compared with the 0.5% and 1.1% found in 

this study. Although there should be a solid immunity after the first infestation, but the 

possibility of re-infection should also be taken into consideration. 

 

Gender and age of the infested animals: focussing on the gender and the age of 

the animals harbouring cysts in this study there seemed to be a correlation between 

gender/ age and the level of infestation with T. saginata cysticercosis. 

 

Statistical data from the federal states Bremen and Mecklenburg-Vorpommern indi-

cated that in 2005, 37.3% of the slaughtered animals were males, whereas 62.7% 

were females (STATISTISCHES BUNDESAMT 2006). Comparing these data with 

the number of the male and female animals that harboured cysts in this study, the 

relative percentage of infested male animals was quite high. These results reflect 

partially the results obtained from earlier studies (OSTERTAG 1902, OSTERTAG 

1932, WHO 1957), where most of the cysts had been detected in young male ani-

mals.  

 

This observation seems to be in contrast with the fact, that the risk of infection 

through grazing is smaller in male animals than for females. The main route of infec-

tion of the grazing cows is the contaminated pastureland that is polluted by sewage 

or flood water (WHO 1957). On the other hand, the main route of infection of young 

male animals were thought to be the farmers hands, contaminated with the eggs of 

the parasite, failing to remove all traces of their faeces before feeding calves (WHO 

1957). 

 

Furthermore it was noticeable, that a high percentage of males younger than 25 

months harboured viable cysts, in contrast to the females. This can be explained by 

the fact that males are usually slaughtered in younger ages, in which the infestation 
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took place, and the immunity of the young animal body did not have time to react 

enough against the cysts either through caseation, or calcification. In general, milk 

cows are reared for longer time than the male animals, making them more suscepti-

ble to infection and the build up of immunity against this metacestode. Furthermore, 

although there is no evidence that the immunity of male bovines reacts in a different 

manner against cysticercosis from the females, this possibility should be taken into 

consideration and should also be studied.  

 

It can also be concluded from the morphological examination of the cysts that it 

should be no longer dependent on the static description of the outer shapes and in-

ternal anatomy of the cysts to claim their belonging to T. saginata cysticercosis or 

not. Other methods should be used to confirm or reject this slaughterhouse diagno-

sis. As it was shown from the morphological results of this study, detailed morpho-

logical examination of the cysts alone could not confirm or reject the meat inspector’s 

diagnosis. 

7.2 PCR 

Sensitivity and specificity of the primers: the used PCR could detect small 

amounts of T. saginata DNA that reaches to 200fg. In comparison with 8pg-DNA 

found in one T. saginata egg (GONZALEZ et al. 2002) or with the average amount of 

extractable DNA from positive field cysts (5.83 µg), this indicates a high sensitivity 

level of the used primers.  

 

Results obtained from the use of other primers (VON NICKISCH ROSENEGK et al. 

1999, MAYTA et al. 2000, YAMASAKI et al. 2004) were either not species-specific or 

need further evaluation. 

 

The fact that there were viable cysts with negative PCR results with both primers 

could be attributed to the hypothesis that these can be cysts or lesions of other para-

sites, which can be found in muscles. The examination of cysts collected in New Zea-

land and Switzerland between 1995 and 1996 with PCR, showed that cysticerci 

which appeared not to be caused by T. saginata, can be found in cattle, although 

they resemble T. saginata metacestodes both in gross pathology and histology (VAN 
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DER LOGT and GOTTSTEIN 2000). This alerted regulatory authorities to possible 

existence other cestodes or helminthes. 

 

Furthermore, although both primers were tested for specificity and sensitivity (GON-

ZALES et al. 2000, 2002), the appearance of these negative samples raises the pos-

sibility of false negative results using both primer sets, presence of inhibitors that in-

terfere with PCR amplification, or it may be attributed to insufficient amplifiable DNA 

in positive, but degenerate specimens. These equivocal points need to be clarified 

through further evaluation of the used primers in terms of defined positive and nega-

tive samples. 

 

Confirmation of the morphological results: the PCR results did not mainly depend 

on the morphological results, as many dull or calcified cysts, that seemed to have no 

connection with T. saginata cysts, showed positive results with PCR and vice versa. 

This emphasized that these deformed cysts really belong to T. saginata metacesto-

des, or they might be false positive samples that were misdiagnosed as positive with 

the PCR. 

 

It was shown during this study, that although PCR is an expensive and time consum-

ing test, it is an applicable and sensitive method for the forensic confirmation of the 

slaughterhouse diagnosis, and to exclude false positive diagnosed cysts using the 

traditional meat inspection methods (see attachment 2). 

7.3 ELISA 

As indicated by the Directive 2003/99/EC and Regulation (EC) 854/2004, cysticerco-

sis is an infestation by a zoonotic parasite and should be included to monitoring sys-

tems within the EU. Therefore, there is an urgent need for a practical, sensitive and 

specific serological method for the detection of infested carcasses, to build up effec-

tive surveillance and control systems.  

 

Sensitivity and specificity of the used ELISA: although the detected values of 

sensitivity and specificity of the ELISA used in this study were high using the three 

antigens, the following are equivocal points that need further investigation and 

evaluation:  
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o The fact that some defined negative samples reacted positively with the ELISA 

using different peptides could be attributed to the fact that calves could have received 

specific immunoglobulins via colostrums which are known to be detectable up to 3 

months after birth (KYVSGAARD et al. 1991). The sensitivity of the used peptides 

was also partially dependent on the dilution of the sample, as a 1:800 serum dilution 

with HP6-2 means that this antibody ELISA can detect the lowest quantities of anti-

bodies against T. saginata metacestodes. 

 

o The high percentage of positive field serum samples (15.6%) could be attrib-

uted to the probable exposure of these animals to T. saginata. Also this high positive 

percentage could be due to cross reactions with other taeniid parasites (BRANDT et 

al. 1992), which needs further investigation. However, the occurrence of other taeniid 

species being present in cattle is either unknown or rather unlikely since no taeniid 

cestode infections with cattle as definitive hosts are known and the spectrum of 

metacestode stages as well is rather limited. On the other hand it is important to 

mention that senescent eggs or proglottids could have immunized and raises the an-

tibody titre without developing into cysts (GEMMELL and JOHNSTONE 1977, 

KYVSGAARD et al. 1991). 

 

o As shown during the examination of serum samples from animals with cysts, 

some of the infected animals could not be identified with the ELISA used in this 

study. Probably these individuals might have been slaughtered shortly after infection 

and development of cysts, so that antibodies have not yet been produced and that 

the cysts appeared before the production of antibodies. Correspondingly it has been 

demonstrated in this study that antibodies against T. saginata sampled on day 51 

post infection or earlier could not be detected, which could be encountered as an un-

derestimation factor using antibody ELISA. 

 

o The sampling of the sera from infested animals over a period of time with long 

intervals, as was done by the positive sera from Kenya Agricultural Research Insti-

tute, made the detectable time of post-infection antibodies not clear. These sera were 

collected on day 51 and further on day 99 post-infection, leaving a long gap between 
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the two samplings, that the antibodies might have been detectable any time between 

these two periods. 

 

Furthermore, another possible explanation for the undetected antibodies against T. 

saginata metacestodes might be the fact, that titres might be lower in animals which 

had been infected in an early stage of life, or the number of cysts was not sufficient 

for the induction of a detectable antibody reaction. Furthermore, an underestimation 

could also be observed when using an antigen ELISA, because antigens could be 

detected in serum from about 4-5 weeks post-infection onwards and the minimum 

detection level of the cysts was about 50 live cysts or more (HARRISON et al. 1989, 

BRANDT et al. 1992, VAN KERCKHOVEN et al. 1998). So if the antigens are first 

detected in 4-5 weeks post-infection, this ensures that the antibodies are produced 

after this period, as it was detected in this study after 51 days post-infection.  

 

o For the exact determination of the diagnostic capabilities of the test with re-

gard to minimal time after infection for reliable detection of post-infection antibodies, 

an experimental infection would have been useful. Experimental infection of cattle 

would not only have clarified the first time of the appearance of detectable antibodies 

in blood, but also how long these antibodies stay detectable through the life time. Un-

fortunately such an experiment was not realisable during this study.  

 

o Antibodies induced by F. hepatica, Cysticercus tenuicollis, Echinococcus 

granulosus, and other parasites may cross react with the antibodies of T. saginata 

metacestodes resulting in non-specific positive reactions in areas endemic for these 

parasites (KASSAI et al. 1982, SOULE et al. 1982, CRAIG and RICKARD 1980). 

Therefore, after completing the ELISA evaluation described in attachment 3, positive 

F. hepatica sera were examined to exclude any cross reaction of the antibodies with 

T. saginata metacestodes antibodies.  F. hepatica is one of the most common para-

sites found in cattle that was thought to cross react with the antibodies against T. 

saginata metacestodes. 

 

Meat juice samples have not yet been used for the detection of antibodies against T. 

saginata metacestodes. The results from meat juice samples obtained with the 

ELISA gave clear evidence that the detection of antibodies in meat juice samples is 
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possible. However, the concentrations of the diluted meat juice samples were in ex-

cess of the concentrations in serum, and also the relative average OD values for 

positive serum samples were higher. It is proposed to repeat the comparative studies 

with meat juice and serum on an extended number of samples for statistical reasons. 

 

 

Conclusions for the practical application of the results 
 

PCR is a sensitive and appropriate method for the confirmation of the visual diagno-

sis during meat inspection, for example for forensic reasons. 

 

The results of this study show that the antibody ELISA is a sensitive, specific and 

reliable method for the determination of individual and herd prevalence rates of T. 

saginata cysticercosis. The antibody ELISA can indicate that the animals have been 

infected with cysticercosis, but can not point out an acute infection. It is a sensitive 

method to indicate the prevalence of an infection, but can not be used as a substitute 

test for the meat inspection methods to indicate current infection. The assay might be 

useful in accidental outbreaks of cysticercosis to determine the extent of the infection 

within a herd; furthermore, ELISA can be used at the field level as a surveillance tool.  

 

With the implementation of serological methods for the detection of cysticercosis free 

herds, the routine inspection of cysticercosis can be a secondary and not a neces-

sary method as declared by SCVPH (2003) and the Regulation (EC) No 854/2004 of 

the European Parliament and Council. Also the application of ELISA in the field level 

encourages cysticercosis-free husbandry. Therefore, new methods for a most reliable 

prevention of bovine cysticercosis are needed. Even immunization, although needs 

more evaluation and investigation, might be used as one of these methods. 

 

The procedures for reporting of T. saginata cysticercosis and taeniosis should be 

standardised at EU level. The proposed laboratory methods could help to improve 

the accuracy of detection in individual carcasses and of prevalence. 
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8 SUMMARY 

Sameh Abuseir 
 
Comparative Determination of Taenia saginata cysticercosis (Cysticercus bo-
vis) with Visual Diagnosis, PCR and ELISA 
 

The determination of the prevalence of T. saginata cysticercosis is difficult for two 

reasons. The first is concerned with the traditional inspection method at the slaugh-

terhouse. During this statutory inspection, traditional “predilection sites” for T. sagi-

nata metacestodes have to be examined visually only, even though the cysts could 

also be found in other sites. So concerning the location of T. saginata metacestodes 

the prevalence is underestimated. Parallel to that, cysts that are defined as T. sagi-

nata metacestodes at the slaughterhouse could be misdiagnosed with other para-

sites, cysts and abscesses in the muscles. So concerning the confusion of the cysts 

with other lesions the prevalence of T. saginata cysticercosis is probably overesti-

mated. 

The aim of the present thesis was to elucidate the different factors influencing the 

determination of the prevalence of T. saginata cysticercosis using visual examination 

of the cysts in correlation with molecular biological examination (PCR), and with sero-

logical examination (ELISA) of the serum and meat juice of infested and non infested 

animals. 

A total of 552 cysts, blood and meat samples were collected from March 2004 to 

March 2006 from two main abattoirs in northern Germany. The cysts were classified 

by the usual organoleptic methods during meat inspection as T. saginata metacesto-

des. The cysts were examined macroscopically for description of their morphology 

and constituents and classified as viable (n=40) or degenerative (n=512). 

The DNA was extracted from these cysts and subjected to PCR for evaluation of the 

detection methods used and to confirm the diagnosis T. saginata cysticercosis as 

indicated at the slaughterhouses. Two sets of primers were used with different sensi-

tivity levels. The first, HDP1, was able to detect 200 fg of T. saginata DNA and 100 

pg of T. saginata metacestodes’ DNA. The other primer set, HDP2, was able to de-

tect 1 pg of T. saginata DNA and 1 ng of T. saginata metacestodes’ DNA. 87.5% of 
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viable cysts and 67.4% of degenerative cysts were tested positive for T. saginata 

metacestodes DNA. 

Two peptides, HP6-2 and Ts45S-10, were used as antigens for the detection of anti-

bodies against T. saginata cysticercosis in serum and meat juice samples using 

ELISA. Positive control samples were obtained from animals experimentally infected 

(serum) and from animals naturally infected (meat juice).  

The two peptides and a pooled preparation of both of them were evaluated and their 

cut-off points using negative serum samples (n=102) were calculated. ELISA results 

with these different peptides were compared. Sensitivity and specificity of the pep-

tides were calculated from a different negative serum population (n=50). The sensitiv-

ity and the specificity of HP6-2 and Ts45S-10 peptides using serum were identical, 

and were calculated as 100.0%, showing to be higher than the values of the pooled 

peptides. 

HP6-2 peptide was used to examine serum samples from animals with cysts (n=60) 

and random field serum samples (n=128), of which 91.7 and 15.6% were found posi-

tive, respectively. 

For meat juice samples the pooled peptides showed the highest sensitivity and speci-

ficity, as they were 100.0% and 95.1% respectively. Pooled peptides were used to 

examine 88 meat juice samples from animals with cysts, of which 100.0% were found 

positive. 
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9 ZUSAMMENFASSUNG 

Sameh Abuseir 
 

Comparative Determination of Taenia saginata cysticercosis (Cysticercus bo-

vis) with Visual Diagnosis, PCR and ELISA 

 

Die Ermittlung der Prävalenz von T. saginata Zystizerkose im Rahmen der Schlacht-

tier- und Fleischuntersuchung wird durch zwei Faktoren erschwert. Während der ge-

setzlich vorgeschrieben Fleischuntersuchung müssen nur so genannte „Prädilekti-

onsstellen“ visuell auf T. saginata Metazestoden untersucht werden, obwohl Finnen 

auch an anderen Stellen des Tierkörpers zu finden sind. Dies kann zu einer Unter-

schätzung der Prävalenz von T. saginata Metazestodes führen. Parallel dazu könnte 

am Schlachthof  die Anzahl T. saginata-Finnen-haltiger Tiere durch die Verwechs-

lung mit anderen parasitäten Veränderungen, Zysten oder Abszessen überschätzt 

werden. 

Das Ziel der vorliegenden Arbeit war es, die verschiedenen Faktoren, welche die 

Prävalenz von T. saginata Zystizerkose beeinflussen, aufzuklären. Dafür wurde eine 

Anwendung visueller Untersuchung der Finnen, molekularbiologische Untersuchung 

(PCR) und serologische Untersuchung (ELISA) von Seren und Fleischsaft-Proben, 

die aus infizierten und vorberichtlichen unauffälligen Tieren stammten, durchgeführt. 

Die Gesamtmenge von 552 Zysten, Blutproben und Fleischproben wurde in zwei 

norddeutschen Schlachthöfen gesammelt. Die Zysten wurden nach der morphologi-

schen Untersuchung als Finnen von T. saginata bezeichnet. Es folgte eine 

makroskopische Untersuchung der Zysten, um ihre Morphologie und ihre Bestandtei-

le zu beschreiben. Die Zysten wurden als lebensfähig (n=40) oder degeneriert 

(n=512) klassifiziert. Anschließend wurde DNA aus diesen Proben isoliert und mole-

kularbiologisch (PCR) untersucht, um die morphologische Diagnose (Finne) bestäti-

gen oder ablehnen zu können. Im Rahmen des Projektes wurden hierzu zwei Pri-

merpaare im Hinblick auf ihre Sensitivität und Spezifität untersucht. Mithilfe des Pri-

merpaares HDP1 konnte T. saginata-DNA ab einem Gehalt von 200 fg, und T. sagi-

nata-Metazestoden-DNA ab einem Gehalt von 100 pg nachgewiesen werden. HDP2 

Primer konnten T. saginata-DNA-Gehalte ab 1pg und T. saginata-Metazestodes-
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DNA-Gehalte ab 1 ng nachweisen. Bei 87,5% der lebenden und 67,4% der degene-

rierten Finnen konnte T. saginata-DNA nachgewiesen werden.  

Mithilfe der Peptide HP6-2 und Ts45S-10 wurde ein ELISA zum Nachweis von Anti-

körpern gegen T. saginata-Metazestoden in Serum und Fleischsaft entwickelt. Positi-

ve Kontrollseren wurden aus experimentell infizierten Kälbern gewonnen. Die Kon-

troll-Fleischsaftproben wurden aus natürlich infizierten Kälbern gewonnen.  

Die auf den beiden Peptiden und einem Mischansatz der beiden basierenden ELISA-

Systeme wurden validiert. Der Cut-off Punkt für die Serumproben für jedes benutzte 

Peptid wurde durch negative Serumproben (n=102) berechnet. Die Ergebnisse des 

ELISAs mit den verschiedenen Peptiden wurden verglichen. Sensitivität und Spezifi-

tät wurden aus einer weiteren negativen Serumpopulation (n=50) berechnet.   

Die Peptide HP6-2 und Ts45S-10 zeigten für Serumproben mit jeweils 100% die 

höchste Sensitivität und Spezifität.  

Das Peptid HP6-2 wurde für die Untersuchung von Serumproben aus Finnenbehafte-

ter Tiere (n=60) und randomisierte Feldproben (n=128) angewandt, mit positiven Er-

gebnissen bei 91,7 bzw. 15,6% der untersuchten Proben. 

Für die Untersuchung von Fleischsaftproben erwies sich der auf dem Mischansatz 

beider Peptide basierende ELISA mit einer Sensitivität von 100% und einer Spezifität 

von 95,1% als am besten geeignet. Mit Hilfe dieses ELISA-Systems wurden 88 

Fleischsaft-Proben Finnenbehafteter Tiere untersucht. Alle Proben erwiesen sich als 

positiv.
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12 APPENDIX 
12.1 Attachment 1: Actual investigation of the occurence of cysticercus 

inermis in slaughtered cattle: morphological findings. 
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12.2 Attachment 2: Visual diagnosis of Taenia saginata cysticercosis 
during meat inspection: is it unequivocal? 
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12.3 Attachment 3: Evaluation of a serological method for the detection 
of Taenia saginata cysticercosis using serum and meat juice sam-
ples. 
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12.4 Attachment 4: The data sheet for sampling at the slaughterhouse 

 
Identification:  
Slaughter day (DD.MM.YYYY)  
Slaughter number   
Optional: farm  
Age of the animal  
Gender: male  
              female  

  
Findings during meat inspecion: 
Slightly infested  
Heavily infested  

 
Localisation of cysts at the carcass 
Heart  
Masseter muscle  
M. pterygoidei  
Tongue  
Diaphragm  
Other sites  
 
Special remark about the samples  
 
Blood sample taken: 
yes  
No  

 

Data sheet 
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12.5 Attachment 5: Individual results of the morphological description 
of cysts and PCR 
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