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An immunoblot for detection of Taenia saginata cysticercosis
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Abstract Control measures to prevent human infections
with the food-borne zoonotic helminth Taenia saginata are
currently based on meat inspection, which shows rather low
diagnostic sensitivity. To develop an immunoblot for detec-
tion of T. saginata-infected cattle, crude proteins of T.
saginata cysts were extracted and separated with SDS-
PAGE. The cyst antigens showed ten protein bands ranging
from 260 to 14 kDa. T. saginata cyst proteins 260, 150, 130,
67, 60, 55, 50, and 23 kDa were immunoreactive with
known positive sera of T. saginata-infected cattle but
cross-reacted with sera from Echinocccus granulosus-
infected ruminants. By contrast, 14- and 18-kDa cyst pro-
teins reacted specifically with T. saginata-positive sera and
thus might be potential candidates for the development of a
T. saginata-specific immunoassay. Proteins of E. granulosus
cysts and Taenia hydatigena cysts were also extracted and
separated with SDS-PAGE. E. granulosus cysts revealed 11
protein bands ranging from 260 to 23 kDa. E. granulosus
protein 60 kDa was immunoreactive with E. granulosus-
positive sera only. The cyst of T. hydatigena showed 11
protein bands ranging from 290 to 14 kDa. The protein band
35 kDa showed cross-reaction with positive sera from both
T. saginata- and E. granulosus-infected animals. A protein
of 67 kDa was present in all three tested cestode species and
was the major antigenic protein detected by sera of T.
saginata- and E. granulosus-infected animals. Therefore,

this protein represents a potential vaccine candidate against
both cysticercosis and cystic echinococcosis in cattle.

Introduction

Taenia saginata cysticercosis represents the parasitic larval
stage of the beef tapeworm belonging to the Taeniidae family
of tapeworms (Cestoda). Humans are the final and bovines the
intermediate host to this infection. Human taeniosis, or infec-
tion with the adult T. saginata worm, is characterized by the
presence of the between 3.5- and 20-m-long worm in the small
intestine of the infected person, whomay passmillions of eggs
daily. These eggs may survive for months in an appropriate
environment. Estimates based on computations from inci-
dence indicate that 2 % of the human population in Europe
is infested with T. saginata (SCVPH 2003).

Bovine cysticercosis is the infestation of the intermediate
host “cattle,” which suffer from cysticerci/cysts of T. saginata
in their muscles and tissues. As it has been reviewed by the
European Commission (SCVPH 2000), the prevalence of
bovine cysticercosis in various European countries based on
slaughterhouse data varies between 0.01 and 6.8 %. The real
prevalence is expected to be three to ten times higher than the
estimated prevalence (Abuseir et al. 2010; Dorny et al. 2000;
Onyango-Abuje et al. 1996; Van Knapen and Buys 1985;
Geerts et al. 1981). Light infestations of the carcasses are
unlikely to be detected during meat inspection, because cysts
are frequently found in other locations than the predilection
sites usually examined (Eichenberger et al. 2011; EFSA 2006;
Minozzo et al. 2002; SCVPH 2000). Overall, there is a need
for development of more sensitive methods than meat inspec-
tion to detect T. saginata cysticercosis in beef.

Cystic echinococcosis caused by Echinococcus granulosus
is one of the most important zoonotic cestode infections
causing significant morbidity and mortality in humans as well
as significant economic losses in livestock animals (Casulli et

S. Abuseir (*)
Faculty of Veterinary Medicine, An-Najah National University,
P.O. Box 7, Nablus, West Bank, Palestine
e-mail: sameh.abuseir@gmail.com

U. Nagel-Kohl
Lower Saxony State Office for Consumer Protection and Food
Safety, Food and Veterinary Institute, Hannover, Germany

S. Wolken :C. Strube
Institute for Parasitology, Department of Infectious Diseases,
University of Veterinary Medicine Hannover, Hannover, Germany

Parasitol Res (2013) 112:2069–2073
DOI 10.1007/s00436-013-3368-5



al. 2008, EFSA 2011). Cross-reactivity between Taenia and
Echinococcus cysts has been demonstrated (Flávia de
Assunção et al. 2010) as they share antigenic components
(Ishida et al. 2003). Therefore, it is necessary to carry out
procedures to select immunogenic components specific for T.
saginata. In the present study, the antigenic pattern of cyst
material from T. saginata, E. granulosus, and Taenia
hydatigena was examined by immunoblot analysis to identify
specific antigens with diagnostic potential for T. saginata
cysticercosis.

Materials and methods

Sample collection

T. saginata cysts (n=50) were collected from cattle
slaughtered at an abattoir in northern Germany. The cysts
were collected during routine meat inspection procedures.
Each sample was kept in a special container, refrigerated at
4 °C, and transferred within 24 h to the laboratories of the
Veterinary Institute, Hannover, Lower Saxony State Office
for Consumer Protection and Food Safety, for further exam-
ination. The cysts were examined macroscopically and clas-
sified accordingly as viable or degenerated (Abuseir et al.
2006; Minozzo et al. 2002). Crude antigen preparation and
protein extraction were performed from mature T. saginata
cysts only.

T. saginata-positive serum samples were collected from
cattle (n=10) experimentally infected with 5,000–10,000 T.
saginata eggs by the Agricultural Research Institute,
Muguga, Kenya. Animal experiments were approved by
the Kenya Agricultural Research Institute Animal Care and
Use Committee and were performed in compliance with the
guidelines published by Kenya Veterinary Association and
Kenya Laboratory Animal Technician Association. Serum
samples were tested for positivity with an evaluated ELISA
(Abuseir et al. 2006).

E. granulosus cysts (n=10) and T. hydatigena cysts
(n=10) were collected from sheep and cattle slaughtered in
an abattoir at the northern part of Palestine. Hydatid fluid
was aspirated from the E. granulosus cysts and examined
for the presence of protoscolices. Sterile cysts were exclud-
ed from subsequent protein extraction. E. granulosus cysts
were sent to the laboratories of An-Najah National
University, Palestine, for DNA isolation and subsequent
species confirmation described by Adwan et al. (2013). In
short, protoscolices or germinal membranes were used for
DNA extraction. Amplification of DNA and confirmation
were carried out by PCR targeting the cytochrome c oxidase
subunit 1 (cox1) gene. Positive serum samples were collect-
ed from sheep (n=8) and cattle (n=2) naturally infected with
E. granulosus.

Liver fluke-positive serum samples were collected from
naturally infected cattle showing high antibody titers against
Fasciola hepatica (n=10), which is one of the most com-
mon parasites found in cattle and thought to show cross-
reactions with T. saginata metacestodes (Dennis et al. 1993;
Baumeister et al. 1995).

Negative serum samples originated from the serum li-
brary at the Institute for Parasitology of the University of
Veterinary Medicine Hannover. Sera were collected from
parasite-naïve calves aged 3–6 months (n=100) that were
reared under strict hygienic conditions for experimental use
at the institute's animal facility.

Extraction of cyst proteins

The cysts were chopped with a scissor and then homoge-
nized at 4 °C in 1/5 wt/vol PBS (pH 7.4) containing protease
inhibitors (10 mM PMSF and 2.5 mM leupeptin).
Homogenization was done in three steps: In the first step,
the chopped cysts were disrupted in a tissue lyser
(TissueLyser, Qiagen) with three stainless steel beads at a
shaking speed of 30/s for 3 min. The samples were then
further homogenized with a Bandelin Sonophus ultrasound
HD 2070 at 40 % power for 1 min. Finally, the samples were
stirred at 4 °C for 2 h and then centrifugated at 15,000×g for
1 h. The soluble extract was then collected, and protein
concentration was estimated by the method of Bradford
(1976).

SDS-PAGE and immunoblot

SDS-PAGE and immunoblot were done as described previ-
ously (Hyeong-Kyu and Keeseon 2009; Tsang et al. 1989)
with modifications. SDS-PAGEwas conducted in 6, 8, 10, 12,
and 15 % gel in a Hoefer Mighty Small II SE 260 Mini-
Vertical Gel Electrophoresis Unit (Amersham Pharmacia
Biotech). Per lane, 30–40 μg of protein of the cyst samples
were loaded. Prestained protein standards were from
Fermentas Life Science (PageRuler™ Plus Prestained
Protein Ladder) and Roth (Roti®-Mark 10-150 Plus).
Duplicate gels were usually done. After electrophoresis, the
crude antigens in one gel were transferred to a nitrocellulose
membrane in a Hoefer TE 22Mighty Small™ Transphor Tank
Transfer Unit (Amersham Biosciences). The duplicate gel was
stained with Coommassie Blue dye to visualize proteins.

Nitrocellulose membranes were incubated for 1 h in
Roti®-Block working solution (Roth) after being washed
for 5 min with Tris-buffered saline (TBS). The membranes
were then washed three times for 5 min with TBS-Tween
0.05 % and incubated for 2 h at room temperature with sera
diluted 1:100 in TBS-Tween 0.05 %. Antigen bands that
reacted with serum antibodies were visualized with a mono-
clonal anti-bovine IgG secondary antibody conjugated to
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alkaline phosphatase (Sigma) diluted 1:10,000 in TBS-
Tween 0.05 %. Unbound antibodies were removed by three
times washing with TBS. A premixed BCIP®/NBT substrate
solution (Sigma) was used as substrate, and the enzyme
reaction was stopped within 5 min with distilled water.

Results

SDS-PAGE and immunoblot of T. saginata cyst antigen

The SDS-PAGE profile followed by Coomassie Blue staining
of T. saginata cyst antigens showed ten visible protein bands
ranging from 260 to 14 kDa. These bands were approximately
260, 150, 130, 67 (a major band), 60, 55, 50, 23, 18, and
14 kDa. All protein bands of T. saginata reacted with T.

saginata-positive sera (n=10) obtained from experimentally
infected cattle. Testing the protein bands of T. saginata against
positive E. granulosus sera (n=10) showed that only the 18-
and 14-kDa proteins of T. saginata were not immunoreactive.
Serum samples (n=10) from animals infected with F. hepatica
showed no antigenic reactions with any extracted proteins of
tested cestodes. All negative serum samples (n=100) showed
no reaction with any of the extracted proteins. Results of SDS-
PAGE and immunoblot are visualized in Fig. 1a.

SDS-PAGE and immunoblot of E. granulosus cyst antigen

The hydatid cysts were confirmed as E. granulosus by PCR
targeting the cox1 gene followed by sequencing of the ampli-
fication products (Adwan et al. 2013). The protein bands of E.
granulosus resulting from cyst material ranged from 260 to

Fig. 1 SDS-PAGE (lane 1) of cyst proteins of T. saginata (a), E. granulosus (b), and T. hydatigena (c), and the immunoblot patterns against sera
from ruminants infected with T. saginata (lane 2), E. granulosus (lane 3), and F. hepatica (lane 4) as well as sera from parasite-naïve cattle (lane 5)
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23 kDa (Fig. 1b) and were as follows: 260, 250, 150, 130, 120,
80, 67, 60, 55, 35, and 23 kDa. All protein bands reacted with
positive E. granulosus sera (n=10) except the 260- and 35-
kDa bands. Furthermore, all but the 260-, 60-, and 35-kDa
protein bands reacted with a T. saginata-positive sera (n=10).

SDS-PAGE and immunoblot of T. hydatigena cyst antigen

The protein bands of T. hydatigena ranged from 290 to
14 kDa (Fig. 1c). These were as follows: 290, 270, 260,
150, 130, 80, 67, 55, 35, 23, and 14 kDa. All protein bands
reacted with T. saginata-positive sera (n=10) except the
290- and 14-kDa protein bands. Furthermore, all protein
bands reacted with positive E. granulosus sera (n=10) except
the 290-, 270-, 260-, and 14-kDa bands.

Discussion

Protection of human health against zoonoses is one of the
key objectives of consumer-relevant legislation in the
European Community. In its opinion on zoonoses adopted
on 12 April 2000, the Scientific Committee on Veterinary
Measures Relating to Public Health considered that the
measures in place for the control of food-borne zoonotic
infections were insufficient (SCVPH 2000). It further con-
sidered that the epidemiological data collected by Member
States were incomplete and not fully comparable. As a
consequence, the Scientific Committee recommended im-
proved monitoring arrangements and identified risk man-
agement options. In order to improve this situation, the
European Parliament and Council announced Directive
2003/99EC on the monitoring of zoonoses and zoonotic
agents. The purpose of this Directive is to ensure that
zoonoses and zoonotic agents are properly monitored and
that food-borne outbreaks are subjected to proper epidemi-
ological investigation. T. saginata cysticercosis was identi-
fied as one of a number of relevant pathogens which should
be included in monitoring systems.

Application of serological methods for the detection of
cysticercosis in carcasses would greatly improve the efficacy
of efforts to eliminate human taeniosis and thus bovine cysti-
cercosis. As the meat safety system, which is based only on
conventional postmortem inspection at slaughterhouse, is ap-
parently of relatively low efficacy both for preserving public
health and for epidemiological studies, alternative methods
should be studied thoroughly so that they can be used to
replace conventional meat inspection methods.

The presence of shared antigenic components between
Taenia and Echinococcus species, which belong to the same
family (Taeniidae), was clear throughout the present study,
confirming many published scientific papers (Oliveira et al.
2010; Gonzalez et al. 2007; Hancock et al. 2004). Eight

proteins from E. granulosus were recognized to be immuno-
reactive with antibodies from animals experimentally infected
with T. saginata. The extracted protein bands 35 and 260 kDa
of E. granulosus that did not show immunoreaction, neither
with anti-E. granulosus nor with anti-T. saginata cyst anti-
bodies, might not be exposed to circulating immune cells and
thus considered as “hidden” antigens. Antibody cross-
reactivity of T. saginata- and E. granulosus-infected animals
with T. hydatigena cyst antigen was also obvious. Nine
extracted proteins from T. hydatigena cysts reacted positive
with serum antibodies against T. saginata cysts and seven
proteins with antibodies against E. granulosus cysts. Eight
of the ten isolated T. saginata cyst antigens were recognized
by E. granulosus-positive serum, but 14- and 18-kDa T.
saginata protein bands showed no E. granulosus cross-
reactivity and thus might be potential candidates for the de-
velopment of a T. saginata-specific immunoassay. Such an
assay is not only beneficial at the abattoir level but also on
farm level for early identification of cattle herds at risk for beef
tapeworm infections. Unfortunately, no T. hydatigena-positive
serum was available to test cross-reactions between species of
the genus Taenia. However, the 14-kDa band of T. hydatigena
cysts was not recognized by T. saginata-positive serum.
Therefore, 14-kDa Taenia proteins might be species specific
and not result in false-positive serological tests. The same
might be true for the 18-kDa band of T. saginata, to which a
T. hydatigena equivalent was missing. However, even if there
would be antibody cross-reactivity among different Taenia
species infecting bovines as intermediate hosts, consideration
has to be given whether false-positive results would be ac-
cepted to prevent infections of humans with the zoonotic beef
tapeworm.

The major 67-kDa protein present in all tested cestode
species could be used for future work on recombinant vac-
cine. Sera from cattle infected with the trematode F. hepat-
ica did not recognize any of the protein bands of included
cestode species so that cross-reactivity in a future T.
saginata immunoassay is unlikely to occur. The same is
suggested to be true for parasite-naïve cattle.

In conclusion, the results show that there is a wide range
of antigenic similarity between the tested helminths. These
similarities may provide the possibility to develop a vaccine
against all taeniids affecting cattle. Two T. saginata protein
bands were identified as potential serodiagnostic antigens.
Additional research including sera from cattle infected with
a substantial number of different Taenia species would be
desirable to confirm presented results and gain further in-
formation on antigen–antibody interactions among cattle
taeniids.
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