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CURRENT DIAGNOSTIC PROCEDURES FOR
CYSTICERCOSIS IN CATTLE AND PIGS*

VESNA LALOSEVIC!

SUMMARY: Taeniosis/cysticercosis complex is a significant public
health problem worldwide. Control of this zoonotic disease requires a good
diagnostic test to identify animals harboring live metacestodes. Meat inspec-
tion, which is the only public health measure implemented to control this hu-
man infections, is a poorly sensitive method to detect such infected animals.
The need for diagnostic tests superior to meat inspection have led to the de-
velopment of serological tests. Antibody detection diagnostic tests indicate
exposure to infection and not necessarily the presence of an established,
viable infection. But from the public health point of view only living meta-
cestodes are important. Contrary to meat inspection and antibody detection
methods, the monoclonal antibody (MoAb)-based enzyme-linked immunosor-
bent assays (ELISAs) for the detection of excretory/secretory (ES) products
indicate infection with live metacestodes The MoAb based antigen detection
ELISA (Ag-ELISA) is much more sensitive to identify active infections of T.
saginata and T. solium metacestodes.

Key words: cysticercosis, meat inspection,antibody detection methods,
ES Ag-ELISA.

INTRODUCTION

Cysticercosis is a larval tapeworm infection acquired from ingestion of embryo-
nated Taenia saginata (cattle) or Taenia solium (pigs and humans) eggs excreted with
facces from human carriers who harbour the adult tapeworm in the intestines. The
hatched embryos migrate throughout the body and develop into cysticerci (Minozzo et
al., 2002; Boa et al., 2002). In humans, the invasion of the central nervous system with
T. solium cysticerci known as neurocysticercosis (NCC) is one of the emerging discases
worldwide, and the major cause of epileptic seizures in areas of endemicity (Cruz et al.,
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1999; Doder et all. 2004). Moreover, cysticercosis is an important cause of economic
losses in pig and cattle production due to downgrading and/or condemnation of car-
casses as untreated infected meat is an important source of this zoonosis (Carabin ef al.,
2006;). Meat inspection, which is the only public health measure implemented to control
human infections, is a poorly sensitive method and detects mainly heavily infected ani-
mals (Wanzala et al., 2003).Detection of cysticerci depends on the expertise of the meat
inspector as well as on the stage of development of the cysticerci (Minozzo et al., 2002;
Wanzala et al., 2003). The method is more sensitive to detect dead, degenerated, or
calcified cysticerci than viable cysts, as the latter they have the same pinkish-red color
as the meat (Onyango-Abuje et al., 1996; Wanzala et al., 2003). Moreover, the method
detects infection only after slaughter when it is too late to make decision on treatment
of animals.

The need for diagnostic tests superior to meat inspection have led to the devel-
opment of serological tests. Antibody detection diagnostic tests indicate exposure to
infection and not necessarily the presence of an established, viable infection. But from
the public health point of view only living metacestodes are important. Contrary to
meat inspection and antibody detection methods, the monoclonal antibody (MoAb)-
based enzyme-linked immunosorbent assays (ELISAs) for the detection of excretory/
secretory (ES) products indicate infection with live metacestodes (Harrison et al., 1989;
Brandt ez al., 1992). The 158C11 and 60H8 MoAb based antigen detection ELISA (Ag-
ELISA) is much more sensitive to identify active infections of 7. saginata and T. solium
metacestodes (Brandt ez al., 1992; Van Kerckhoven et al., 1998; Dorny et al., 2000).
The assay is an important tool to detect individual cases or to screen populations for
the presence of viable cysticerci. This information is required by public health services
in order to make decisions on treatment or control programs (Wanzala et al., 2002;
Sikasunge et al., 2008). The assay requires relatively expensive laboratory equipment.
The dipstick methods are more applicable in the resource deprived field laboratories
of developing countries (Birku ef al., 1999). Studies that have used the polystyrene
surfaced Nunc-immunoTM dipsticks for the detection of pathogens in food samples
demonstrated the usefulness of the sticks for immunological tests (Aldus ez al., 2003;
Blazkova et al., 2006).

Immunodiagnostic tools

Immunodiagnostic techniques include methods for specific antibodies and for
circulating parasite antigen in serum or cerebrospinal fluid. The antigens used in im-
munoblot and enzyme-linked immunosorbent assay (ELISA) for antibody detection
have evolved from crude extracts to highly purified specific fractions and recombinant
antigens of the glycoprotein family, increasing both the sensitivity and the specificity of
the tests. The application of ELISA for the detection of circulating parasite antigens may
present some diagnostic advantages since it demonstrates not only exposure but also
active infections. Until now only a few of the current techniques have been standard-
ised and fully validated, making comparisons between studies difficult. In surveys on
cysticercosis, antibody detection systems have been useful in identifying the risk fac-
tors associated with transmission of Taenia spp. High seroprevalence in a community
indicates a situation where preventive and control measures should be applied.
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Diagnosis of cysticercosis in cattle

Carcass inspection

Meat inspection of cattle is the only public health measure implemented to prevent
T. saginata transmission to people and is based on the partial incision and inspection of
target organs/muscle groups: heart, masseters, and if necassary tongue, triceps brachii,
and diaphragm; and careful visual search of 7. saginata cysts. Studies on naturally
infected calves have demonstrated that only 14.1% of the total carcass cysts were found
in inspection sites indicated above and that only 5.8% of the total carcass cysts appear
on cut surfaces created by meat inspection technique (Wanzala et a/., 2003). A higher
proportion (34%) of cysts was found in the target organs/muscle groups in experimen-
tally infected calves (Kyvsgaard et al., 1990). Another study found a sensitivity of 38%
in carcass dissection positive naturally infected calves. They demonstrated that 27% of
animals with one to 10 cysts, 42.9% of animals with 11 to 20 cysts, and 77.8% with more
than 20 cysts were revealed by the routine procedure (Walther et Koske, 1980). The lack
of precision of the visual identification of specific cysts might overestimate the preva-
lence through misdiagnosis of other morphological alterations in affected muscles. It is
difficult to differentiate between old lesions caused by cysticerci and other lesions. For
example, of meat inspection identified 7. saginata cysticercus lesions only 76.7% of
them gave positive PCR result: 91% of 78 viable cysts and 70.7% of 239 dead (degener-
ating and calcified) cysts (Geysen et al., 2007). In another study PCR confirmed only
52.4% of the cysticercus lesions recovered during routine meat inspection: 80% of 25
viable cysts and 49.6% of 242 dead cysts (Abuseir et al., 2006).

Enzyme-Linked Immunosorbent Assay

Antibody detection ELISA

The antibody detection ELISA (Ab-ELISA) for the diagnosis of 7. saginata cyst-
icercosis detects specific antibodies in serum of infected cattle from three weeks post-
infection onwards (Kamanga-Sollo et al., 1987). The diagnostic antigens are either from
crude homogenates of 7. saginata cysticerci, or from cyst fluids and/or crude homoge-
nates of related parasites 7. hydatigena, T. crassiceps and T. solium (Craig et Rick-
ard, 1980; Geerts et al., 1981; Kamanga-Sollo et al., 1987, Monteiro et al., 2006). Such
crude antigens give cross-reactions with serum from cattle infected with heterologous
helminths, such as Fasciolla hepatica, and T. hydatigena (Craig & Rickard, 1980). Since
T hydatigena metacestode is not commonly found in cattle, cross reaction may not
present a major drawback in practice (Geerts et al., 1981).Such assays are deficient to
diagnose lightly infected animals at slaughterhouses (Monteiro et al., 2006). In natural
conditions light grade infections are common. For example, an ELISA using hydro-
soluble antigens of 7. crassiceps demonstrated a sensitivity and specificity of 37.5%
and 95.7% respectively (Geerts et al., 1981). The ELISA using a recombinant antigen
of T. saginata oncosphere adhesion protein (Hp6-Tsag) showed 100% sensitivity and a
specificity of 93.2% in experimentally infected cattle (Ferrer et al., 2007).
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Enzyme-Linked Immunosorbent Assay

Antigen detection ELISA

The level of antibody titer did not correspond with live cysticerci burden in natu-

rally infected animals (Onyango-Abuje et al., 1996). In slaughterhouse cattle antigen
assay was found three times as sensitive as meat inspection. Furthermore, the assay
detects live cysticerci which are most likely missed, as they have the same pinkish-red
color as the meat (Onyango-Abuje ef al., 1996; Wanzala et al., 2003). Two MoAb-based
ELISA systems, HP10 and (158C11 and 60HS), were developed for the detection of T.
saginata cysticercosis (Harrison et al., 1989; Brandt et al., 1992; Van Kerckhoven et
al., 1998). Both assays recognized the circulating glycoprotein antigens secreted by the
viable metacestodes from four weeks after infection onwards (Harrison ez al., 1989; On-
yango-Abuje ef al., 1996). A mouse monoclonal antibody IgM coded HP10, developed
against glycoproteins from surface enriched extract of 7. saginata cysticerci, was used
for the development of a diagnostic ELISA to detect these glycoproteins in the serum
of T. saginata infected cattle. However, only cattle harboring 200 live 8 to 16 weeks-old
cysticerci were consistently detected (Harrison et al., 1989). In a recent study conducted
in Kenya the assay detected 75% (n=20) of naturally infected cattle harboring one or
more live cysts at carcass dissection. All animals with five and more cysts were Ag-
ELISA positive (Wanzala et al., 2007). Another study found a sensitivity of 83% (n=6)
for animals with >30 live cysticerci, which dropped to 22% (n=23) for animals with 1-29
live cysts (Onyango-Abuje ef al., 1996).
The other MoAb-based antigen detection ELISA system was developed by Brandt et
al. (1992) and modified by Van Kerckhoven (Van Kerckhoven ez al. 1998) and Dorny
(Dorny et al. 2000). The assay yielded a sensitivity of 92% and a specificity of 98.7% in
heat treated sera from cattle harbouring more than 50 viable cysts.

Electroimmunotransfer Blot

There is limited information on the use of the electroimmunotransfer blot (EITB)
for the diagnosis 7. saginata cysticercosis. A hydrophobic fraction, 10 to 18 kDa, iso-
lated from cyst fluid of 7. hydatigena metacestodes, collected from naturally infected
goats, was evaluated in immunoblot and dot blot procedures and detected 7. saginata
infectionin calves (Bogh ez al., 1995).

Dipstick-immunoassay

Hayunga (Hayunga et al. 1991a) developed a dipstick antibody detection ELISA
for the diagnosis of 7. saginata and T. solium cysticercosis using ammonium sulphate-
soluble fractions of 7. hydatigena cyst fluid antigen adsorbed on Immobilon P mem-
brane dipsticks. The assay detected 6 out of 7 (85.7%) cysticercotic cattle three weeks
after experimental infection (Hayunga et al., 1991).

Dot-ELISA

Although considerable progress has been made to develop simple dot-immu-
noassays for 7. saginata cysticercosis, the techniques are not standardized (Jiang et
al.,, 1990; Draclants et al., 1995b; Biswas et al., 2004; Agudelo et al., 2005). Draelants
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(Draclants et al. 1995a) developed an antigen detection dot-ELISA using MoAbs (2HS8
and 12G5) of IgM isotype and nitrocellulose membrane as described by Brandt (Brandt
et al. 1992). The assay gave 87.5% and 93.5% sensitivity and specificity, respectively in
cattle with more than 100 viable cysts.

Diagnosis of cysticercosis in pigs

Carcass inspection

Meat inspection is the only diagnostic method carried out on large scale in slaugh-
terhouses for the post-mortem detection of pig cysticercosis. The method is more sensi-
tive to detect dead, degenerated, or calcified cysticerci; but is most likely to miss quite a
number of viable cysticerci, as they have the same pinkish-red color as the meat (Wan-
zala et al., 2003). The procedure is based on the partial incision and careful observation
in the “predilection” sites such are: heart (obligatory), masseters, tongue, and triceps
brachii(optionaly) (Boa et al., 2002). The technique has demonstrated low sensitivity.
Dorny (Dorny ef al. 2004) estimated a sensitivity of 22.1% and specificity of 100%. Boa
(Boa et al. 2002) showed that routine meat inspection involving visual inspection of
incised and intact surfaces of heart, tongue, external and internal masseter muscles, and
triceps brachii muscles can only reveal 10.6% of the total carcass cysts. In other words,
the inspection can only detect 10.6% of infected animals.

Tongue palpation

Tongue examination for detection of 7. solium cysts in live pigs by palpation and
visual inspection is a low cost ante-mortem diagnostic method of porcine cysticerco-
sis. The technique has a high specificity (100%), but generally low sensitivity (Dorny
et al., 2004; Phiri et al., 2006). The sensitivity of the method depends on the level of
infection. Approximately, 76 and 78% of positive tongue palpation pigs were found se-
ropositive in ELISA and EITB, respectively (Sato ef al., 2003). The diagnostic antigens
were isoelectric-focusing purified glycoproteins according to Ito (Ito ef al. 1998). In an
endemic area, the tongue palpation detected up to 70.8% of meat inspection positive
pigs (Gonzalez et al., 1990). In comparison to total carcass dissection as low as 16% sen-
sitivity was also recorded (Phiri ez al., 2006). Despite the low sensitivity the method is
used in epidemiological studies of porcine cysticercosis (Sarti ez al., 1992; Mutua et al.,
2007; Sikasunge et al., 2008). In a pig population tongue palpation showed prevalence
of 10.8% while this was 23.3% by Ag-ELISA (Sikasunge ef al., 2008).

Enzyme-Linked Immunosorbent Assay

Antibody detection ELISA

The assay detects IgG. Antigens used for coating of most ELISAs for the detec-
tion of antibodies against 7. solium cysticercosis in pig serum are from cyst fluid or
crude homogenates of the 7. solium cysticerci, or from the related parasite 7. crassiceps
(Nunes et al., 2000). These crude antigens have shown cross reactions with sera from
pigs infected with 7. hydatigena, E. granulosus, Ascaris suum, Fasiolopsis buski, Hy-
menolepis diminuta, and Diplydium caninum (Kumar et Gaur, 1987; Cheng et Ko, 1991;
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Ko et Ng, 1998; Pinto et al., 2000). Fractionation and/or purification of the antigens have
improved the specificity of the assay (Ito ef al., 1998; Assana et al., 2007). A fraction
of 14 kDa antigen purified using an ion exchange column on high performance liquid
chromatography from crude cyst fluid of 7. solium was found specific (Assana et al.,
2007). The isoelectric-focusing purified glycoprotein antigens from cyst fluid (Ito ez a/.,
1998) have shown a specificity and sensitivity of 100% in detecting antibodies against
T. solium metacestodes in pig serum (Ito e al., 1999).

Antigen detection ELISA

The presence of antibodies does not constitute direct evidence of a living para-
site within the host (Garcia et al., 1997; Fleury et al., 2007). It may indicate transient
antibodies from exposure to infection (Garcia et al., 2001) and/or persisting antibodies
of previously established infection after elimination due to immune mechanism and/
or drug therapy (Harrison et al., 1989; Garcia et al., 1997). A mouse monoclonal anti-
body I1gM coded HP10, developed against glycoproteins from surface enriched extract
of T saginata cysticerci (Harrison et al., 1989), is used for the detection of these glyco-
proteins in the serum of 7. solium infected people. The assay displayed 84.8% (n=46)
sensitivity and 94% specificity in serum from patients with active infection (Fleury et
al., 2007). In another study a similar sensitivity (85%) and specificity (92%) was found
(Garcia et al., 2000). The assay is used for serodiagnosis and follow-up of NCC (Garcia
et al., 2000; Garcia, 2007).

Another MoAb-based antigen detection ELISA system was developed by Brandt
et al. (1992) and modified by Van Kerckhoven et al. (1998) and Dorny et al. (2000). The
monoclonal antibody-based ELISA is being used for clinical management and epide-
miological surveys of human cysticercosis (Erhart ez al., 2002; Prado-Jean et al., 2007).
The sharing of antigens between the metacestode and adult tapeworm might influence
seropositivity in endemic areas (Draelants ef al., 1995a; Correa ef al., 1999). In the ham-
ster model of taeniosis, adult antigens have been demonstrated to cross the intestinal
epithelium and enter the circulation (Correa et al., 2002).

The detection of viable cysts is achieved through capturing circulating antigens
by MoAbs. The two MoAb-based ELISA systems (Harrison et al., 1989; Brandt et al.,
1992; Van Kerckhoven et al., 1998) are used for detection of circulating antigens of vi-
able metacestodes in pig serum. The assays could detect antigens in serum of pigs har-
bouring live cysticerci from four weeks after infection onwards, in contrast no antigen
is detected in those containing only dead cysticerci (Nguekam ez al., 2003).

Electroimmunotransfer Blot

The EITBs are the most sensitive and specific assays for the detection of anti-
bodies specific to 7. solium cysticercosis in pigs. The EITB (Tsang et al., 1989) was
evaluated on serum samples from naturally infected pigs with 7. solium and other het-
erologous infections including echinococcosis. The assay was determined to be 100%
sensitive and specific. It detected antibodies in experimentally infected pigs between 5
and 8 weeks post infection (Tsang et al., 1991). This assay was very sensitive (98%) and
specific (100%). No sera from Echinococcus granulosus/E. multilocularis and other
heterologous infections recognized the GP bands (Tsang et al., 1989). The assay has
been used for epidemiological surveys of human cysticercosis (Garcia et al., 1991).
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Dot ELISA

The performance of antibody detection dot-ELISAs depends on antigens and/or
reference tests used. The complete homogenate of 7. solium cyst antigen dotted on ni-
trocellulose membrane detected antibodies in 56.5% sera from patients with CT/MRI
confirmed NCC. The assay was 92% specific (Biswas et al., 2004). In another studies
the assay detected 58.3% of LLGP EITB positive individuals during immunological
screening of endemic population (Agudelo et al., 2005).

CONCLUSIONS

Cysticercosisis a significant public health problem worldwide. Control of this zoo-
nosis requires a good diagnostic test to identify animals harboring live metacestodes.
Visual meat inspection, which is the only public health measure implemented to control
human infections, is a poorly sensitive method to detect such animals. It may underes-
timate the prevalence of the disease by a factor 3 to 10.

The need for diagnostic tests superior to meat inspection have led to the devel-
opment of serological tests. Antibody detection diagnostic tests indicate exposure to
infection and not necessarily the presence of an established, viable infection. But from
public health point of view only living metacestodes are important. Contrary to meat
inspection and antibody detection methods, the monoclonal antibody based enzyme-
linked immunosorbent assays (ELISAs) for the detection of excretory/secretory (ES)
products indicate infection with live metacestodes. The assay is an important tool to
detect individual cases or to screen populations for the presence of viable cysticerci.
The assay requires relatively expensive laboratory equipment. The dipstick methods are
more applicable in the resource deprived field laboratories of developing countries.

There is limited information on the prevalence of 7. saginata and T. solium cyst-
icercosis in Serbia. Recent studies of neurocysticercosis (Doder et all. 2004) have shown

that the prevalence is very low, but cysticercosis is present in pigs and humans.
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SAVREMENE DIJAGNOSTICKE PROCEDURE U DIJAGNOCTICI
CISTICERKOZE KOD GOVEDA I SVINJA

VESNA LALOSEVIC

Izvod

Tenijaza 1 cisticerkoza predstavljaju znacajan javno-zdravstveni problem Sirom
sveta. Kontrola ove zoonotske bolesti zahteva kori§¢enje zadovoljavajucih laboratori-
jskih testova koji identifikuju zaraZene Zivotinje kao rezervoare infekcije ljudi. Inspeke-
ija mesa je jedina vazeéa mera prevencije i kontrole humanih infekcija, ali je slabo os-
etljiv metod za detekceiju zivih metacestoda kod Zivotinja. Postoji potreba za razvojem
ne mogu da utvrde da li su cicticerkusi u muskulaturi vijabilni, $to je sa aspekta javnog
zdravlja najvaznije. Imunoloski testovi zasnovani na detekceiji sekretorno/ekskretornih
antigena (Ag-ELISA) mogu da dokazu Zive metacestode. U radu jed dat prikaz svih
metoda u dijagnostici cisticerkoze kod goveda i svinja, iako za sada, nema standardi-
zovanih, komercijalnih testova.

Kljuéne redi: cistcerkoza, inspekcija mesa, imunoenzimski testovi, ES Ag-ELI-
SA.
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