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Abstract

Background Seroprevalence of porcine cysticercosis has been generally studied using enzyme-linked immunosorbent assays
(ELISA) detecting either antigens or antibodies in sera. However, serum is not always readily available. The objective of this
study was to assess the diagnostic potential of meat juice in detecting porcine cysticercosis using a cysticercosis antibody
ELISA.

Methods Sera and meat juice samples from 13 different organs/tissues were collected from nine pigs naturally infected with
cysticercosis and from six uninfected pigs reared under hygienic conditions. The sensitivity of the cysticercosis antibody
ELISA in detecting porcine cysticercosis in meat juice samples was compared to that in serum samples from the same pigs.
Results Using sera, cysticercosis was detected in all nine pigs harbouring cysticerci, but not in those reared under hygienic
conditions. The sensitivity of the ELISA was highest in meat juice extracted from the diaphragm (100%), heart (89%) and
neck muscle (78%) of the nine infected pigs, whereas it varied between 0 and 44% in the other samples.

Conclusion To the best of our knowledge, this is the first study for 7. solium cysticercosis serology to use meat juice. Our
results show that meat juice from pig carcass organs or muscles is a promising diagnostic specimen for the detection of
porcine cysticercosis. More studies including a large sample size of pigs with varying degrees of cysticercosis infection are

needed to further prove this concept.
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Introduction

Porcine cysticercosis is a zoonotic disease caused by the lar-
val form of Taenia solium. The disease affects the pig farm-
ing industry through losses due to veterinary costs, reduced
market value and reduction of pork in the food chain due to
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the condemnation of heavily infected pig carcasses [1, 2].
The cestode T. solium, which also infects humans, is most
prevalent in low-income countries of Asia, Africa and Latin
America [3, 4]. Porcine cysticercosis is endemic in almost
all sub-Saharan African countries due to free-range pig pro-
duction and poor sanitation [3, 5].

Consumption of undercooked pork from infected pigs
may lead to taeniasis in humans, which is a risk factor for
porcine and human cysticercosis transmission. Thus, the
safety of pork entering the food chain plays a key prophy-
lactic role against taeniasis and cysticercosis. The presence
of strict meat inspection and quality control should reduce
the rate of T. solium infection. However, meat inspection in
many areas in endemic low-income countries is often non-
existent or not strictly performed. For example, studies have
shown that conventional meat inspection methods, such as
postmortem examination may underestimate the prevalence
of porcine cysticercosis because of latent infections [6-8].
Lack of specific control procedures and proper meat inspec-
tion may pose health risks to consumers because infected
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pork may enter the food chain unnoticed [6]. To guarantee
the provision of safe pork to consumers, it is important to
invest in effective and reliable diagnostic techniques.

Although serology using serum samples is considered
effective for porcine cysticercosis surveillance programmes
over conventional inspection methods [6—8], serum samples
are not always readily available when pork is sold for con-
sumption. Thus, it would be useful to explore other diagnos-
tic specimens from pig carcass and evaluate their suitability
as alternative for the detection of porcine cysticercosis. The
use of pig carcass samples that can be easily obtained after
slaughter might be efficient for the continuous monitoring of
the burden of disease among pig herds from endemic areas.

The aim of this study was to evaluate the performance of
meat juice from various tissues of the pig carcass as diag-
nostic specimens for the detection of porcine cysticercosis
using a commercially available cysticercosis enzyme-linked
immunosorbent assay (ELISA). Information on the diagnos-
tic potential of meat juice as a diagnostic specimen may be
useful for epidemiological studies, disease monitoring, and
in the evaluation of control programmes.

Materials and Methods
Source of Sample Animals

Blood and tissue samples were obtained from slaughtered
pigs in rural villages of the Kongwa district in Dodoma
region and from Nyandira in the Mvomero district in
Morogoro region, Tanzania. Pigs with T. solium cysticerci
were identified via antemortem lingual palpation and then
confirmed to be infected following visual inspection for
cysticerci at slaughter and later by sequencing [9]. All pigs
(n=9) harbouring cysticerci were free-ranged and obtained
from villages in Kongwa. Similarly, pigs reared under more
strict hygienic conditions with no cysticerci (n=06) were
obtained from Mvomero. Oral consent was sought from pig
owners before sample collection.

Sample Collection

From each pig, about 4 ml of auricular blood was collected
into a BD-vacutainer tube fitted with 20G 1.5"” needles (Bec-
ton Dickinson, USA) and stored at about 4 °C into a cooler
box before serum extraction.

After careful visual inspection of the carcass, about
100 g of tissue from the same parts of the brain, diaphragm,
eye, fore, and hind leg muscles, heart, kidney, liver, lung,
masseter, neck muscles, spleen, and tongue were collected
into clean plastic containers and thereafter after transporta-
tion stored at — 20 °C before further processing. In total,
9 blood and 117 tissue samples were collected from the
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pigs naturally infected with cysticercosis. Similarly, a total
of 6 blood and 78 tissue samples (control samples) were
collected from 6 pigs uninfected pigs (without any visible
cysticerci) following the same procedures.

Sera and Meat Juice Recovery

Cysticercosis-positive serum samples were recovered in
the laboratory from the collected blood within 6-8 h after
blood collection by centrifuging at 2000xg for 10 min and
then stored in labelled 1.8-ml cryogenic vials (Thermo Fis-
cher Scientific, Denmark) at — 20 °C until further analysis.
Special containers for meat juice collection (CC Plast A/S,
Hillergd, Denmark) was used to extract meat juice from fro-
zen tissue samples cut into small pieces and left to thaw for
5-6 h at room temperature. Meat juice was recovered from
all tissues, but the brain, eye, and spleen gave about threefold
lower meat juice than other tissues. The collected meat juice
samples were then stored at — 20 °C before further analysis.

Determination of Specific Antibodies Against
Porcine Cysticercosis

A commercial enzyme-linked immunosorbent assay
(ELISA) kit (VetLine Taenia IgG ELISA, NovaTec Immun-
diagnostica GMBH, Germany), referred herein as cysticer-
cosis antibody ELISA, was used for the qualitative determi-
nation of specific antibodies against porcine cysticercosis
infection in pig serum and meat juice samples following
test protocol provided by the manufacturer. According to the
manufacturer, the sensitivity and specificity of the VetLine
Taenia IgG ELISA using serum samples are greater than
95% but it may cross-react with other Taenia spp. Serum
samples from the same pigs were used as the reference
standard for the corresponding meat juice tissue samples.
Sera and meat juice were diluted with sample dilution buffer
in the ratio of 1:100 and 1:10, respectively, followed by thor-
ough mixing by vortexing. The samples were then incubated
for 1 h at 37 °C. After incubation, each well was washed
three times with 300 pl of washing solution. After washing,
100 pl of VetLine Taenia Protein AG Conjugate was added
into all wells except for the substrate blank well, covered
with aluminium foil and incubated at room temperature for
30 min in a dark cabinet. This was followed by washing
and dispensing 100 pl of TMB Substrate Solution into all
wells and incubating for 15 min in a dark cabinet at room
temperature. The reaction was stopped by the addition of
100 pl stop solution. The optical density (OD) values were
read at 450 nm with a spectrophotometer (iMark™ Micro-
plate Reader, Bio-Rad). For all the reactions, the run valida-
tion criteria (test validity), as set by the manufacturer, were
met. The test results were expressed as negative or positive
based on NovaTec Units (NTU) which were calculated from
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the equation: [sample (mean) OD/cut-off OD]x 10=NTU,
where cut-off is the mean OD value of the cut-off control
determinations. A sample with NTU below 9 was considered
negative, whereas a sample with NTU above 11 was consid-
ered positive for porcine cysticercosis. Samples’ reactions
with NTU between 9 and 11 were considered as doubtful
and were retested.

Data Analysis

Descriptive statistics were computed in Microsoft Excel
2016 for Windows. For both serum and meat juice sam-
ples, the sensitivity of the cysticercosis antibody ELISA
was calculated as the probability of a positive ELISA test
among pigs with cysticercosis [10, 11]. Kruskal-Wallis non-
parametric test was performed in GraphPad Prism version
8.0.1 (La Jolla California, USA) to compare antibody con-
centration in meat juice from different tissues of pigs with
or without visible cysticerci.

Results
Characteristics of Examined Pigs

The age of the pigs ranged from 6 to 24 months covering
both sexes. Typical T. solium cysticerci were present in most
of the organs and/or muscles except for the kidney, liver,
lung, and spleen from the pigs in Kongwa (Table 1). Of the
9 pigs, 6 were heavily infected with a total of more than 30
cysticerci, while 3 had a light infection, with less than 10
visible cysticerci in their respective tissues (Fig. 1). Out of
117 tissue samples collected from these pigs, 68 (58%) had

visible cysticerci while 49 (42%) had no cysticerci (Table 1).
No cysticerci were found in the control pigs from Mvomero.

Prevalence of Porcine Cysticercosis in Serum
and Meat Juice Samples

All serum samples from the nine pigs from Kongwa with
cysticerci tested positive at a dilution of 1:100 in the cyst-
icercosis antibody ELISA. In contrast, all serum samples
from the six pigs from Mvomero with no visible cysticerci
were negative.

Meat juice samples from organs or muscles with or with-
out typical cysticerci of T. solium tested positive or negative
in the cysticercosis antibody ELISA (Table 1). Of all 117
samples from pigs with cysticerci in any organ, 45 (38%)
tested positive while 72 (62%) tested negative at a sample
dilution of 1:10. Out of 68 meat juice samples from tissues
with visible cysticerci, 41 (60%) tested positive for porcine
cysticercosis. The carcass samples that most often tested
positive were diaphragm followed by heart and neck mus-
cles. Of 49 meat juice samples extracted from tissues of
pigs with cysticercosis but from carcass samples without
visible cysticerci (kidney, liver, lung, and spleen), only 4
(8%) samples from the lungs were positive while 45 (92%)
were negative (Table 1). Similarly, all 78 meat juice sam-
ples from the 6 pigs with no cysticerci tested negative in the
cysticercosis antibody ELISA.

Sensitivity and Specificity of the Cysticercosis
Antibody ELISA Using Meat Juice Samples

The sensitivity of the ELISA test in the different meat
juice samples in relation to serum was highest for the

Table 1 Cysticercosis ELISA test results for meat juice samples from pigs with cysticercosis (CP cysticerci present, ab+ antibody ELISA posi-
tive, ab— antibody ELISA negative, CA cysticerci absent, , no value, % percent)

Organ Overall Cysticerci present Cysticerci absent

Pigs ab+ % ab+ CP %CP ab+ ab— %ab+ % ab— CA %CA ab+ ab— %ab+ % ab—
Brain 9 4 44 8 89 4 4 50 50 1 11 X 1 X 100
Diaphragm 9 9 100 9 100 9 X 100 X X X X X X X
Eye 9 4 44 6 67 4 2 67 33 3 33 X 3 X 100
Fore leg 9 3 33 6 67 3 3 50 50 3 33 X 3 X 100
Hind leg 9 3 33 7 78 3 4 43 57 2 22 X 2 X 100
Heart 9 8 89 9 100 8 1 89 11 X X X X X X
Kidney 9 X X X X X X X N 9 100 X 9 X 100
Liver 9 X X X X X X X X 9 100 X 9 X 100
Lung 9 4 44 X X X X X X 9 100 4 5 44 56
Masseter 9 M « 78 « 7 « 100 2 22 « 2 « 100
Neck 9 7 78 8 89 1 88 13 1 11 X 1 X 100
Spleen 9 « X X X « . X . 9 100 . 9 < 100
Tongue 9 3 33 8 89 3 5 38 63 1 11 X 1 X 100
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Fig. 1 Pig heart (a) and neck muscle (b) heavily infected and hind leg muscle (c) lightly infected with cysticerci

Table 2 Sensitivity of cysticercosis antibody ELISA comparing
results from meat juice samples and with sera from the same animals
as the positive reference (TP true positive, FN false negative, TN true
negative, F'P false positive)

Sample TP FN N FP Sensitivity (%)
Brain 4 5 6 0 44
Diaphragm 9 0 6 0 100
Eye 4 5 6 0 44
Fore leg 3 6 6 0 33
Hind leg 3 6 6 0 33
Heart 8 1 6 0 89
Kidney 0 9 6 0 0
Liver 0 9 6 0 0
Lung 4 5 6 0 44
Masseter 0 9 6 0 0
Neck 7 2 6 0 78
Spleen 0 9 6 0 0
Tongue 3 6 6 0 33

diaphragm (100%), followed by the heart (89%) and neck
muscles (78%), whereas it ranged between 0 and 44% in
the other tissues (Table 2). The specificity of cysticercosis
antibody ELISA using serum or meat juice samples was
100%. The average OD for positive and negative serum
samples was 0.472 (range 0.373-0.537) and 0.089 (range
0.009-0.160), respectively. In contrast, the average OD for
positive and negative meat juice samples was 0.259 (range
0.057-0.570) and 0.109 (range 0.055-0.260), respectively.
There was no significant difference in the mean OD val-
ues in serum and meat juice samples from carcass tissues
except for meat juice from the hind leg, kidney, liver, mas-
seter and spleen (Table 3).

@ Springer

Discussion

In the present study, we evaluated for the first time the per-
formance of meat juice from various organs or tissues of the
pig carcass as alternative diagnostic specimens for the detec-
tion of porcine cysticercosis using a cysticercosis antibody
ELISA. Although meat juice samples have been used for the
detection of other zoonotic parasites such as Toxoplasma
gondii in pigs [12], the suitability as a diagnostic specimen
for detection of porcine cysticercosis has according to our
knowledge never been evaluated before. However, the use
of meat juice in the detection of cysticercosis among tae-
niid tapeworms has been reported before by Abuseir et al.
[13] in a study involving cattle experimentally and naturally
infected with T. saginata cysticercosis.

Our results in the present study show that the sensitivity
of the cysticercosis antibody ELISA in detecting porcine
cysticercosis using meat juice from diaphragm (100%), heart
(89%) and neck muscle (78%) was similar or close to that
found in serum samples, the reference specimens (100%).
The specificity of the cysticercosis antibody ELISA using
either sera or meat juice samples was 100%. This suggests
that meat juice especially from the diaphragm may be useful
for epidemiological studies, long-term disease monitoring
in pig herds and in the evaluation of porcine cysticercosis
control programmes given its high sensitivity and specificity.

Similar to the results of the present study, a higher sensi-
tivity ranging between 83 and 100% of an antibody ELISA
employing HP6-2 and TS45S-10 peptides in the detection of
bovine cysticercosis using meat juice from undefined tissues
with T. saginata cysticerci has been reported [10]. In addi-
tion, the performance of meat juice from some pig carcass
samples in detecting porcine cysticercosis using antibody
ELISA in our study showed relatively higher sensitivity
(except for meat juice from the kidney, liver, masseter and
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Table 3 Antibody levels expressed as optical density (OD) values for serum and meat juice samples from pigs with visible 7. solium cysticerci
(Min minimum, Max maximum, SD standard deviation, CI confidence interval, OD optical density, MRD mean rank difference)

Sample Min Max Mean SD Lower 95% CI Upper 95% C1 Mean OD values multiple comparisons

Serum 0.373 0.537 0.472 0.055 0.430 0.515 Comparison pairs MRD p value®
Brain 0.058 0.457 0.254 0.168 0.125 0.383 Serum vs. brain 54.72 0.135
Diaphragm 0.397 0.570 0.444 0.061 0.397 0.491 Serum vs. diaphragm 8.78 >0.999
Eye 0.072 0.428 0.234 0.166 0.107 0.362 Serum vs. eye 58.22 0.065
Fore leg 0.094 0.428 0.229 0.144 0.118 0.339 Serum vs. fore leg 54.61 0.138
Heart 0.187 0.533 0.394 0.090 0.325 0.464 Serum vs. heart 21.11 >0.999
Hind leg 0.059 0.422 0.208 0.156 0.088 0.329 Serum vs. hind leg 63.06 0.023
Kidney 0.081 0.348 0.187 0.084 0.123 0.252 Serum vs. kidney 63.39 0.021
Liver 0.108 0.355 0.203 0.089 0.135 0.272 Serum vs. liver 59.89 0.046
Lung 0.092 0.517 0.306 0.174 0.173 0.440 Serum vs. lung 36.06 >0.999
Masseter 0.057 0.361 0.137 0.102 0.059 0.215 Serum vs. masseter 82.00 0.000
Neck 0.083 0.462 0.351 0.137 0.246 0.457 Serum vs. neck 30.56 >0.999
Spleen 0.119 0.330 0.184 0.064 0.136 0.233 Serum vs. spleen 61.00 0.036
Tongue 0.068 0.474 0.229 0.164 0.103 0.355 Serum vs. tongue 56.83 0.088

spleen) (Table 2) than the sensitivity of detecting porcine
cysticercosis using tongue inspection (21%) or routine meat
inspection (22%) estimated using a Bayesian approach [8].
Nevertheless, the sensitivity of meat inspection method has
been reported to be high only when partial or full carcass
dissection are performed [13, 14].

Our study indicates that the cysticercosis ELISA is a
sensitive and reliable technique for the detection of porcine
cysticercosis using serum. The study also demonstrates that
the diagnostic performance of meat juice from diaphragm is
equally sensitive and specific as that of serum although at a
lower dilution of 1:10 as compared to that of serum (1:100).
However, the sensitivity and mean OD values in meat juice
from some of the carcass tissues were in most cases poorer
than those in serum samples (Tables 2, ). Detection sensitiv-
ity may be improved by adjustment for the dilution factor
as it has also been previously reported in a study involving
the detection of antibodies from serum and meat juice of
pigs experimentally infected with the protozoan, T. gondii
[12, 15], as well as in the detection of bovine cysticercosis
on meat juice in cattle experimentally infected with bovine
cysticercosis [10]. Findings from this study suggest careful
consideration in the selection of carcass tissues for meat
juice extraction for T. solium diagnostic procedures.

It should also be noted that porcine cysticercosis was
mainly detected in meat juice from tissues with several vis-
ible cysticerci (60%), whereas samples from pigs with light
infections were mostly not detected (Table 1). This indicates
that antibody levels are related to the number of cysticerci
present in the carcass. Based on sensitivity measures in this
study, the diaphragm followed by the heart might be the
most suitable organs for meat juice extraction as compared
to the other tissues investigated herein. In addition, meat

juice from the neck muscles showed to have both reasonably
high sensitivity (78%) and antibody levels almost similar to
meat juice from the heart, which also suggests the suitability
of this tissue in detecting porcine cysticercosis.

A limitation with the cysticercosis antibody ELISA is
that it may cross-react with other Taenia spp. This can be
addressed by confirming suspected 7. solium cysticerci
from infected pigs by molecular analysis as indicated in this
study [9]. Another limitation of this study may be a rela-
tively smaller sample size of pigs naturally infected with
cysticercosis (n=9).

Conclusions

The results presented herein indicate that meat juice col-
lected from the diaphragm is a promising diagnostic speci-
men in the detection of porcine cysticercosis. The potential
of meat juice from the diaphragm as a diagnostic specimen
may be useful for long-term epidemiological studies, disease
monitoring, and in the evaluation of control programmes.
However, more studies on a relatively large sample size of
pigs with varying degrees of porcine cysticercosis infection
are needed to further prove this concept. The viability of
cysticerci from infected pigs was not investigated in this
study, thus it will be worthy in future studies to investigate
the correlation between test results and cysticerci status
(viable or degenerated).
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