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Abstract Two peptides, HP6-2 and Ts45S-10, were used as
antigens for the detection of antibodies against Taenia
saginata cysticercosis in serum and meat juice samples
using enzyme-linked immunosorbent assay (ELISA). Posi-
tive control samples were obtained from animals experimen-
tally infected (serum) and from animals naturally infected
(meat juice). The two peptides and a pooled preparation of
both peptides were evaluated, and their cut-off points with
both sample categories were calculated. ELISA results from
these different peptides were compared. Sensitivity and
specificity of HP6-2 using serum were calculated as being
100 and 98%, respectively, showing to be higher than the
values for the other antigens used. The average optical
density (OD) value for negative samples was 0.646, whereas
it was 1.702 for the positive control samples. This peptide
was used to examine serum samples from animals with cysts
and random field serum samples. For meat juice samples the
pooled peptides showed the highest sensitivity and specific-
ity, as they were 100 and 95%, respectively. The average OD
values for the negative and the positive reference meat juice

samples were 0.379 and 1.291, respectively. The optimal
dilution of the meat juice samples for the ELISA was very
low, as it was 1:20 using the pooled peptides, compared with
1:800 serum dilution using HP6-2. To the authors’ knowl-
edge, this is the first report of a successful testing for T.
saginata cysticercosis using meat juice.

Introduction

Taenia saginata or beef tapeworm occurs in the small
intestine of humans who are the final host of this tapeworm.
Formerly defined as Cysticercus bovis, the metacestode as
the larval stage occurs in the intermediate hosts such as cattle
as cysts, causing the T. saginata cysticercosis. Cattle become
infected by grazing on material contaminated with T.
saginata eggs, which can derive from human faeces directly
or via sewage plants after flooding or sewage sediment
distributed on pastures (Gracey et al. 1999, EFSA 2006).
Eggs hatch in the intestine and the oncospheres, liberated
from the eggs, penetrate the intestinal wall and circulate
through the lymphatic and blood stream. Finally, the larvae
settle down in muscle tissues, including that of the heart and
other organs. Predilection sites are the masseter muscles,
tongue, heart and diaphragm. In the muscles, the oncosphere
develops into the metacestode or cysticercus stage contain-
ing a protoscolex. The mature metacestodes, firstly, are
transparent, but with time, the irritated tissue reacts by
forming cyst walls around the parasites and the immune
system of the host might kill the Cysticercus over time,
forming a caseous or a calcified cyst (Mcgavin et al. 2001).

Bovine cysticercosis is of veterinary and economic
importance due to the downgrading of the affected carcasses,
freezing in case of localized infestation and total condemna-
tion of the affected carcasses and offal in case of generalized
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infestation. In addition, economical effects due to the non-
compliance of animals from endemic regions for export have
to be considered (Wanzala et al. 2006). In Africa, there are an
estimated 12 million carriers with a 30% incidence in some
African stockmen (Gracey et al. 1999). The human infection
with T. saginata leads to different clinical symptoms and
requires a specific therapy. Among 2,200 cases of T.
saginata infection in Poland, 98% of the carriers had an
active discharge of proglotids, 35% with epigastric pain,
32% nausea, 18% loss of weight and 12% lowered appetite
(Pawlowski 1994). High allergic reactions with eosinophilia
are associated with taeniosis (Craig and Pawlowski 2004). T.
saginata is listed among the organisms that may cause
reactive arthritis (enteropathic arthropathy) as a secondary
disease state (WHO 1999; Minerva 2006).

Calculations of the prevalence of T. saginata cysticer-
cosis in various European countries based on meat
inspection data vary between 0.01 and 6.8% within the
European Community (SCVPH 2000); T. saginata was
identified as one of a number of relevant pathogens which
should be included in specific monitoring systems. The
routine inspection procedure for bovine cysticercosis con-
sists of visual inspection of the slaughtered animal, in
particular, the inspection of muscle cuts at the predilection
sites. It has been shown that the currently established
inspection methods are not suitable for a sensitive detection
of T. saginata metacestodes, which, in many cases, are
found in tissues other than the predilection sites (SCVPH
2000, 2003; Minozzo et al. 2002; Wanzala et al. 2002). The
real prevalence is expected to be three to ten times higher
than the estimated prevalence (Geerts et al. 1981; van
Knapen and Buys 1985; Onyango-Abuge et al. 1996;
Dorny et al. 2000). World survey records gave clear
evidence that the established post-mortem meat inspection
methods are not sufficient for an efficient control of bovine
cysticercosis (McCool 1979; Harrison et al. 1989; Fan
1997; Gracey et al. 1999).

Immunity against taeniid parasites is reported to be
antibody-mediated (Harrison and Parkhouse 1989; Ferrer et
al. 2003; Harrison et al. 2005). A positive antibody
enzyme-linked immunosorbent assay (ELISA) indicates
that the animals have been exposed to the infection, but
may not necessarily have a current infection. It is a useful
method for epidemiological studies to indicate the spread of
the infection in outbreaks or high-infected areas.

In contrary to the antibody ELISA, antigen ELISA could
be used as a complementary test at the slaughterhouse for
the detection of a current infection. It indicates the
excretory/secretory products of the living parasite.

The traditional inspection methods for T. saginata are
not sensitive enough for an accurate determination of the
spread of this infection (Kyvsgaard et al. 1988). Therefore,
a reliable in vivo test could serve as an alternative for

epidemiological investigations of outbreaks. Since 1981,
there have been more than 32 contributions published on
the diagnosis of T. saginata (SCVPH 2000). Many of them
do not give sufficient information to allow calculations of
sensitivity, specificity, positive and negative predictive
values of the methods, although these data are prerequisites
for the evaluation of the epidemiological capabilities of
serological tests (Wanzala et al. 2006).

The aim of this study was to evaluate antibody ELISA
systems based on the peptides HP2-6, Ts45S-10 (Ferrer et
al. 2003) and pooled peptides using defined positive and
negative serum. During meat inspection, serum samples
will not always be available. Therefore, it seemed useful to
include meat juice samples to the experimental design and
verify the suitability as an alternative source for the
detection of T. saginata. The cut-off points, sensitivity and
the specificity for each peptide were determined. The
peptide with the highest specificity and sensitivity in serum
samples was used to examine random serum samples and
should further be used to calculate the prevalence of T.
saginata cysticercosis using representative serum samples
in a given area.

Materials and methods

Peptides

HP6-2 (CTY RVD VDG YRN D) is the major secreted
functional antigen identified by the monoclonal antibody
HP6 (Benitez et al. 1996; Bonay et al. 2002) that was
determined by cloning and sequencing the gene encoding
the principal 18-kDa secreted antigen of activated onco-
spheres of T. saginata (GenBank no. X95983; Ferrer et al.
2003). The peptide Ts45S-10 (CGG TEE VVT ASR S) is
derived from T. saginata sequence with significant similar-
ity to the T. ovis 45S homologue protective antigen
(Genbank no. AJ430567). These peptides have been
compared in field research studies with the ordinary use
of T. saginata cyst fluid as a target antigen.

The peptides used in this study have been synthesized
(Invitrogen Life Technologies). They were at least 80%
pure as judged by high-performance liquid chromatogra-
phy. A cysteine residue was added to each peptide to
facilitate coupling to carrier protein, although they were not
coupled, and instead Poly-L-lysine (PLL; Sigma, P1399)
was used as an attachment factor to enhance the adhesion
between the peptides and the ELISA plates.

ELISA

Different variables were compared using positive and
negative references to determine the optimal conditions
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for the ELISA procedure. Because the peptides used were
small (13 amino acids) and different peptides do not
necessarily bind with equal efficiencies to ELISA plates
(Fleury et al. 2003), PLL was used to facilitate the adhesion
to the ELISA plates. This was the result of many trials with
different washing methods concerning agitation and quan-
tity of the washing buffer used, different concentrations of
the peptides, different types of plates, blocking buffers, and
different types and dilutions of conjugates. PLL is a non-
specific attachment factor for cells useful in promoting cell
adhesion to solid substrate, and has been reported to
improve the protein coating of ELISA plates (Brennand et
al. 1986; Steinitz 2000). The ELISA was first done with
and without PLL and repeated several times to compare and
standardize the results.

PLL was diluted with coating buffer (0.1 carbonate/
bicarbonate pH 9.6) 50 μg/ml and used to treat the
ELISA plates for 1 h at room temperature. The plates
were then washed three times for 2 min with phosphate
buffered saline (PBS). Peptides (2 μg/ml, 50 μl per
well) were diluted in the coating buffer and then used
to coat the PLL-treated 96 well plates (Nunc MaxiSorp,
430341) overnight at 4°C. After washing three times for
2 min with PBS pH 7.3 containing 0.05%(v/v) Tween
20 (PBS-T), the plates were blocked [1%(w/v) Ovalbu-
min, Sigma, A-5253 in PBS-T] for 1 h at 37°C. The
samples were diluted in blocking buffer and incubated
(50 μl per well) in peptide/antigen coated ELISA plates
for 1 h at 37°C. After washing with PBS-T three times
for 2 min, a rabbit anti-bovine immunoglobulin horse-
radish peroxidase conjugate (Sigma, A-7414) diluted
1:8,000 in PBS-T (50 μl per well) was freshly prepared
and added to the plates, which then were incubated for
1 h at 37°C. Plates were washed three times for 2 min
with PBS-T.

The bound conjugate was visualized using a tetra-methyl
benzidine substrate system (Sigma, T8665). The colour
reaction was stopped after 30 min using 50 μl of 0.2 M
H2SO4, and further, the OD values of the reaction product
were read at 450 nm using a photometer (Bio-Tek, EL800).
All reagents used had been prepared immediately before
use. Each ELISA plate included positive samples, negative
samples and empty control samples.

Negative serum samples and negative meat juice samples

The samples were collected over a period of 1 year from the
Institute for Parasitology at the University of Veterinary
Medicine Hannover. About 100 negative serum samples
were examined. Blood was collected from young calves
(1- to 6-month-old) that were reared under strict hygienic
conditions for experimental use at the Research Farm of the
university to avoid any contact with parasites. After

bleeding, the samples were transported to the laboratories
of the Institute for Parasitology, centrifuged, serum
extracted and kept at −80°C until use in ELISA.

One hundred four meat samples of 50–100 g each were
collected in a slaughterhouse from young calves (2- to 6-
month-old) reared under hygienic isolated conditions. The
samples were frozen at −18°C and then transported to the
Institute for Parasitology. To gain meat juice, the meat
samples were defrosted in a refrigerator overnight, 0.5–
1 ml of the liquid was collected and kept at −80°C until
used for ELISA.

These negative samples were used to determine the cut-
off point, sensitivity and specificity of the ELISA using
serum and meat juice. Several comparative trials with
different concentrations of serum and meat juice were
performed to determine the optimal dilutions revealing the
highest OD values for the positive samples and the lowest
OD values for the negative samples.

Positive serum samples and positive meat juice samples

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, ranging from 35 to 302 days post-infection.
Additionally, two positive reference serum samples were
obtained from Dr. Leslie Harrison from the Division of
Animal Health and Welfare incorporating in the Centre
for Tropical Veterinary Medicine at the University of
Edinburgh, UK.

Fifty-five positive meat juice samples were collected
from animals naturally infected with cysticercosis and
harbouring cysts. These cysts have formerly been con-
firmed as T. saginata cysts using a polymerase chain
reaction (PCR) method (Abuseir et al. 2006).

Cut-off point, specificity and sensitivity determination

Assuming that the OD values of the negative samples
from serum and meat juice were normally distributed,
the cut-off points can be calculated as the mean of the
OD values obtained with known negative serum samples
plus two standard deviations (SD). Statistically, 95.4%
of the negative samples would show values lower than
this cut-off point. A sample will be considered positive
if the OD value is greater than the estimated cut-off
point.

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 cysticercosis.
Specificity was calculated as the probability of a negative
test among animals free of cysticercosis.
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Serum samples from animals with cysts

Sixty blood samples were collected from the hearts of
naturally infected animals, as the detection of cysts was done
after they were slaughtered. The blood was centrifuged, the
serum extracted and kept at −80°C. The DNA of the cysts
was extracted and subjected to PCR. The goal was to identify
the percentage of these positive animals that have antibodies
against T. saginata cysticercosis.

Field serum samples

One hundred twenty-eight randomized field serum samples
were collected from a slaughterhouse. These samples were
collected from animals that have been found negative for
cysticercosis during meat inspection. The blood samples
were collected at the bleeding room, centrifuged, serum
extracted and kept at −80°C.

Results

ELISA results standardization

The addition of PLL enhanced the binding activity of the
peptides to the ELISA plates and improved the repeatability of
the results compared with plates without PLL. The average
OD values for the negative and positive serum samples with
PLL using HP6-2 were 0.646 and 1.702, respectively, whereas
without using PLL, they were 0.671 and 0.976. The standard
deviations (SD) for the negative samples with and without
PLL were similar, being 0.188 with PLL and 0.165 without it.
Figure 1 shows the OD values of different peprides using
negative smples either from serum or meat juice.

Cut-off point, sensitivity and specificity

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

Fig. 1 Optical densities of T. saginata negative serum and meat-juice as determined by ELISA with a HP6-2 peptide, b Ts45S-10 peptide, and c
pooled peptides. The arrows indicate the estimated cut-off points
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the different peptides used are given in Table 1. The
dilution of the serum in blocking buffer using the HP6-2
peptide was 1:800, whereas it was 1:100 using the Ts45S-
10 peptide and the pooled peptides. 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 individually defined negative samples using either
serum or meat juice showed higher OD values than the
estimated cut-off point. These samples were considered as
false positive samples per definition and are shown for each
peptide in Table 2.

The calculated sensitivity and specificity percentages
of the different used peptides are given in Table 2.
HP6-2 gave both high sensitivity (100%) and specificity
(98%) using serum samples. Using this peptide, the mean
OD value for the positive serum samples was 1.702
(±0.189 SD). For the meat juice samples, the pooled
peptides showed a sensitivity of 100% and a specificity of
95%, which was higher than the ELISA results using the
other peptides.

After experimental infection, antibodies could not be
detected before day 51 post-infection. All serum samples
collected after this period reacted positively with the ELISA
and gave high OD values (>1.159).

Serum samples from animals with cysts

Fifty-five out of 60 serum samples from animals with cysts
(91.7%) gave positive results in the ELISA. Five samples
had OD values lower than the estimated cut-off point. This
means that in 8.3% of the animals harbouring T. saginata

(C. bovis) cysts our ELISA did not detect antibodies
against it.

Field serum samples

From the 128 examined random serum samples, 20
(15.6%) samples revealed a positive titre in the antibody
ELISA with HP6-2.

Discussion

The surveillance system for T. saginata cysticercosis
actually based on the traditional post-mortem inspection
procedure at slaughterhouses has a low efficacy for the
protection of public health and is not suitable for
epidemiological studies (SCVPH 2000). Alternative meth-
ods should be introduced to meat inspection. Whereas
control of T. saginata cysticercosis can be achieved through
improvements in public health, sanitation and animal
management/husbandry practices (Gonzalez et al. 2006),
any effective control programme requires specific and
sensitive diagnostic tools.

The results of this study show that the antibody ELISAs
are sensitive and reliable methods for the determination of
individual and herd prevalence rates of T. saginata
cysticercosis.

As shown during the examination of serum samples
from animals with cysts, some of the infected animals could
not be identified with the ELISAs used in this study.
Probably, these individuals might have been slaughtered
shortly after infection and development of cysts so that

Table 2 Sensitivity and
specificity of antibody ELISA
using different peptides

a True positive samples
b False positive samples
c True negative samples
d False negative samples

Sample TPa FPb TNc FNd Sensitivity (%) Specificity (%)

HP6-2 Serum 9 2 100 0 100 98
Meat juice 44 6 98 9 83 94

TS45S-10 Serum 9 3 98 0 100 97
Meat juice 55 7 95 0 100 93

Pooled peptides Serum 9 3 98 0 100 97
Meat juice 55 5 97 0 100 95

Table 1 Comparison of the ELISA results for negative serum and meat juice samples using HP6-2, Ts45S-10 and pooled peptides

HP6-2 2 μg/ml Ts45S-10 2 μg/ml Pooled peptides 2 μg/ml

Serum Meat juice Serum Meat juice Serum Meat juice

Dilution 1:800 1:200 1:100 1:20 1:100 1:20
Average OD/SD for the negative samples 0.646 0.738 0.577 0.343 0.649 0.379

0.189 0.176 0.151 0.102 0.177 0.103
Cut-off point 1.023 1.091 0.879 0.547 1.004 0.584
Average OD for the positive samples 1.702 1.638 1.463 1.491 1.384 1.291
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antibodies have not yet been produced. Correspondingly, it
has been demonstrated in this study that animals did not
reveal antibodies against T. saginata sampled on day 51
post-infection or earlier, which could be encountered as an
underestimation factor using antibody ELISA. Another
possible explanation might be the fact that titres may be
lower in animals, which had been infected in an early stage
of life, or the number of cysts was not able produce enough
detectable antibody reaction. Furthermore, an underestima-
tion could also be found when using an antigen ELISA
because antigens could be detected in serum from about 4–
5 weeks post-infection onwards, and the minimum detec-
tion level of the cysts was about 50 live cysts or more
(Harrison et al. 1989; Brandt et al. 1992; Van Kerckhoven
et al. 1998).

The fact that some defined negative samples reacted
positively with the ELISA using different peptides could also
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 antibodies against T. saginata.

The high percentage of positive field serum samples
(15.6%) could be attributed to the probable exposure of
these animals to T. saginata, or this high positive
percentage could be due to cross reactions with other
taeniid parasites (Brandt et al. 1992), which needs further
investigations. However, the occurrence of other taeniid
species being present in cattle is either unknown or rather
unlikely, as no taeniid cestode infections with cattle as
definitive hosts are known, and the spectrum of metaces-
tode stages as well is rather limited.

Despite the underestimation of cysticercosis that was
clear through this study and many other serological studies,
its prevalence may also be overestimated through misdiag-
nosis of other morphological alterations in affected muscles
(Abuseir et al. 2006).

Finally, the ELISA test using the above-mentioned
peptides can be used for the examination of meat juice
samples or serum, although the concentration of the examined
dilution of meat juice samples was high compared with
serum, and the average OD values for positive samples using
other peptides was higher. Before introduction of serological
tests to meat inspection, it seems necessary to repeat the
comparative studies with meat juice and serum on an
extended number of samples for statistical reasons.
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