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Abstract. Streamlining and improving the National programs of surveillance, prevention, and control of the 

porcine muscle cysticercosis in Romania, which is mainly based on pathological diagnosis performed in 

slaughterhouses, requires the introduction of the serological surveillance tests. The ELISA method is one of the 

most accurate serological methods but is subject to various factors such as technical and human disturbances, 

which lead to a large variability regarding monitoring of technique performance. This reason imposed the 

performing of an in-house study for optimization and validation of the method to evaluate the main performance 

criteria and to intervene to critical points to get the most accurate possible results. All performance parameters 

evaluated in the study, namely: accuracy (99%), specificity (75%), repeatability (CV 0.2-1.1%) and 

reproducibility (CV 0.2-1%) have shown that this serological method can be used in the application domain and 

for the intended purpose, because meets all the conditions of validation. 
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Introduction 
 
Muscle cysticercosis of pigs is caused by 
Cysticercus cellulosae, the larval stage of Taenia 
solium, tapeworm parasite in humans (Garcia 
and Del Brutto, 2000). The chronic and 
asymptomatic evolution makes it difficult to 
diagnose infection in living animals. In this 
context, the current programs of prevention 
and control of swine cysticercosis are mainly 
based on the postmortem diagnosis performed 
in slaughterhouses. 

Enzyme immunoassay tests represent a 
progress of great importance in the fields of 
biology, biochemistry, and medicine. They 
represent the base of some remarkable 
achievements that have marked, in general, 
investigative and diagnostic methodologies, 
allowing even the changing of strategies to 
fight against diseases, especially those of 
transmissible categories (Guide: Evaluation of 
Open Serology Analyses, 2002). 
 
Factors influencing the ability of the test result 
to predict infection are the sensitivity and 
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specificity of diagnosis. The most accurate 
estimates of sensitivity and specificity of 
diagnosis are performed on reference animals 
(animals with known infection status, with 
100% probability (OIE Manual, 2014). The 
ability of a positive or negative test result to 
predict the degree of infection of an animal 
accurately is the most important step in 
validation (Eurachem Guide, 2000). 
 
The concept of the valid method does not 
involve a limited process during which only the 
intrinsic factors of an analytical method are 
optimized. In a broader sense, it means a 
continuous process of keeping and close 
monitoring of all variables that could disrupt 
the balance of performance and, implicitly, the 
obtained rating of that validated method. 
Among these variables, optimizing of the 
reagents and protocol is an important step. 
This includes an assessment of their accuracy 
by incorporating in each iteration of the 
method of one or more known standard titer 
sera. An optimized method that repeatedly 
obtains the same results can be considered a 
harmonized and standardized method. 
 
Although the term "gold standard" is used to 
describe any standard of comparison, it should 
be used only for those methods that clearly 
classify the animals as infected or uninfected. 
In this context, the serological methods can not 
be classified as the gold standards but they can 
be considered as relative standards. (Guide – 
Specific Criteria for Accreditation, 2004). For 
accurate calculation of sensitivity and 
specificity of serological diagnostic methods, a 
gold standard for comparison must be. 
 
Once the method is routinely in use, internal 
quality control must be performed by rigorous 
monitoring of the method for evaluating 
repeatability and accuracy. Currently there is 
no consensus regarding the concept of 
validated method, signifying a completed 
process. All intrinsic factors of the method 
should be monitored as long as the method is 
used even if they were optimized and 
standardized. 
 
The aim of this paper is to evaluate the 
performance criteria of Ag-ELISA screening 
technique, an indirect method for the 

qualitative determination of the larvae of 
Taenia spp., in order to implement this 
technique in the antemortem diagnosis of 
swine muscle cysticercosis. 
 
Materials and methods 
 
1. Sampling 
 
To estimate the performance parameters of the 
Ag-ELISA test, the following samples with 
known immunological profile have been used: 
• sample 1, blank (B) – distilled water, 

divided into 20 aliquots; 
• sample 2 – negative control (NC) of Ag-

ELISA kit, lot 4012914 / 05.2015, sampled 
into 20 aliquots; 

• sample 3 – positive control (PC) of Ag-
ELISA kit, lot 4012914 / 05.2015, sampled 
into 20 aliquots; 

• sample 4 – negative porcine serum (NS), 
divided into 20 aliquots; 

• sample 5 – positive porcine serum (PS), 
sampled into 20 aliquots. 

Samples 4 (NS) and 5 (PS) used in the 
optimization study were examined in a first 
stage as routine samples, and subsequently 
were considered research samples. 
 
2. ELISA test 
 
A commercial kit (Cysticercosis Ag-ELISA, 
apDia, Belgium, REF 650 501) for the 
qualitative detection of viable metacestodes 
(cisticerci) was used. 
 
The principle of the Ag-ELISA cysticercosis kit. 
 
Pretreated controls and samples are added to 
the wells lined with B158C11A10 monoclonal 
antibodies. During this incubation step, the 
circulating antigens from viable cysticerci are 
specifically linked to the wells. After removal of 
non-linked serum proteins by a washing 
procedure, antigen-antibody complex in each 
well is detected with the specific monoclonal 
antibody-peroxidase conjugate B60H8A4. After 
removal of unbound conjugate, strips are 
incubated with chromogen-containing 
tetramethylbenzidine and hydrogen peroxide; 
a blue color develops depending on the amount 
of immune complex bound to the wells. The 
enzymatic reaction is stopped by addition of 
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0.5 M H2SO4, and absorbance value at 450 nm 
is determined. Interpretation of results for the 
used commercial kit requires that the optical 
density (OD) average of positive control be 
higher than 1000, and the average of negative 
control to be less than 0.100. Interpretation of 
results for analyzed samples assumes the 
following conditions: negative (Ag Index ≤ 0.8); 
the positive result (Ag Index ≥ 1.3); dubious 
results (0.8 < Ag Index < 1.3). Calibrated 
measuring equipment that ensured adequate 
traceability of measurement and have fulfilled 
SR EN 30012-1 (1995) were used. 
 
3. Selecting performance parameters 
 
Representative performance parameters for 
serological methods as accuracy, specificity, 
repeatability and reproducibility were 
determined. (Eurachem Guide, 2000). 
 
Accuracy – follows from comparison of 
deviation values (+/-) of the average of results 
from performed analyses with the results of 
the samples with known content. Control sera 
from used commercial kits were tested for 
accuracy. Values obtained by analyzing 
samples PC and NC have been compared with 
the values provided by the kit manufacturer, as 
optimal values of OD. 
 
Specificity – means the ability of a method to 
measure only that what is intended to measure. 
The ratio between the number of true negative 
tests and the total number of samples (true 
negative and false positive) was calculated to 
determine the specificity of the method Ag-
ELISA. It was determined by examining of all 
those 100 aliquots previously mentioned. 
 
Repeatability – repeatability assessment was 
performed by analyzing a sample 10 times in a 
plate, by the same operator, in the same 
laboratory, using the same equipment within a 
short period. The average of OD, standard 
deviation and coefficient of variation (standard 
deviation/mean) were calculated for each 
sample. 
 
Reproducibility – the reproducibility relies on 
the accuracy of the investigators involved. It 
was determined by analyzing samples (n = 10) 
processed on different days, by different 

operators, using different equipment. Average 
of OD, standard deviation, and coefficient of 
variation were calculated. 
 
Coefficient of variation – is the ratio of 
standard deviation and average of the results 
obtained from the same sample. 
 
Temperature is an important disturbing factor 
of the handling complement stage during the 
reaction, due to its high degree of instability at 
high temperatures (SR ISO 17025: 2005). As 
such, the laboratory temperature was daily 
monitored. 
 
Results 
 
A set of 10 samples from specimens 1, 2, 3, 4 
and 5 were analyzed by two different 
operators, in two different days (table 1). 
 
Table 1. Sample testing procedure of Ag-ELISA technique 

 

 
Operator 1 / Day 1 Operator 2 / Day 2 

positive negative positive negative 

B (n=10) 0 10 0 10 

NC (n=10) 0 10 0 10 

PC (n=10) 10 0 10 0 

NS (n=10) 0 10 0 10 

PS (n=10) 10 0 10 0 

 
 
1.1. Accuracy 
 
As there is no international standard serum to 
validate the results, OD values of positive and 
negative controls of commercial kits were 
used. Average of obtained values were 
compared to reference values provided by the 
manufacturer (table 2). Values obtained are 
close to the reference values. It demonstrates 
the ensuring optimal working conditions and 
monitoring of potentially disruptive factors, 
involved in the required accuracy according to 
technical specifications. 
 

Table 2. Obtained OD values that reflect accuracy 
 

OD 
Sample code 

NC PC 

Standard OD 0.027 2.890 

Average OD of tested samples 0.026 2.875 

% 96.29 99.48 
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1.2. Specificity 
 
Four categories of results were obtained: true 
positive (TP), false positive (FP), true negative 
(TN) and false negative (FN) (table 3). Since 
post-mortem exam did not confirm the presence 
of infection, positive porcine sera (PS) obtained 
were considered as false positive. By reporting 
the number of true negative samples to the total 
number of negative samples was obtained a 
specificity of 75%. 
 

Table 3. The results that reflect the specificity of Ag-
ELISA test 

 

The status of the test 
sample 

Results 

Total 
positive negative 

positive TP=20 FN=0 20 

negative FP=20 TN=60 80 

Total 40 60 100 

1.3. Repeatability 
 
Repeatability study, has identified the range of 
results obtained by successive tests of the same 
samples (with known results) performed in the 
same conditions. The coefficient of variation 
ranged between 0.2 and 1%. All obtained 
values were within accepted ranges (EA-04/10, 
2002) (table 4). 
 
1.4. Reproducibility 
 
The data in table 5 indicate that CVs for 
replicates ranged between 0.2 and 1.1, 
meaning that reproducibility of the assay is 
acceptable. 
 
 
 

 
Table 4. Statistical analysis of the repeatability results 

 

Number of 

repetitions 

B (negative) NC (negative) PC (positive) NS (negative) PS (positive) 

Operator 

(Op) 1 
Op 2 Op 1 Op 2 Op 1 Op 2 Op 1 Op 2 Op 1 Op 2 

Average 0.081 0.079 0.027 0.027 2.878 2.873 0.088 0.091 2.513 2.515 

SD (standard 

deviation) 
0.007 0.005 0.002 0.002 0.011 0.008 0.005 0.003 0.007 0.011 

Coefficient 

(CVs) of 

variation 

0.6 0.5 0.2 0.2 1.1 0.8 0.5 0.3 0.7 1.1 

 
Table 5. Statistical analysis of the reproducibility results 

 

 
Sample code 

B (negative) NC (negative) PC (positive) NS (negative) PS (positive) 

Average  0.080 0.026 2.875 0.089 2.513 

SD (standard deviation) 0.005 0.0020 0.0098 0.004 0.009 

Coefficient(CVs) of 

variation 
0.6 0.2 1.0 0.4 0.9 

 
 
Discussions 
 
Several serological tests used in the diagnosis 
of porcine cysticercosis have been developed 
proving good performance. A monoclonal 
antibody designed to detect circulating antigen 
expressed a sensitivity of 86.7% and a 
specificity of 94.7% in pigs from an African 
village (Dorny et al., 2004). The test has been 
fully validated, but cross-reactions have been 

obtained in pigs infected with cysticerci of 
Taenia hydatigena. The level of serum 
antibodies and antigens in infected pigs varies 
according to the intensity of the infection. In 
massive infection, a titratable level of antigens 
and antibodies can be detected between 29 and 
200 days after infection whereas, in low 
infections, the titers are detected between 61-
97 days post-infection (Sciutto et al., 1998). 
Deckers et al. (2008) reported that as the 
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number of viable cysticerci detected by 
necropsy is higher, the titer of antigens 
significantly increases while animals with 
calcified cysts express low levels of antigen. 
Aluja et al. (1996) showed that in 
experimentally infected pigs with T. solium 
eggs, the ELISA test revealed a significant rise 
in antibodies titer after infection, which started 
to decrease 92 days post infection (pi). These 
studies demonstrate that serum antibodies 
level, revealed by ELISA, is influenced by the 
intensity of the infection and the Cysticercus 
species involved. These issues affect, in turn, 
specificity of the method. 
 
In our tests, 25% false positive reactions were 
obtained. This confirms the existence of certain 
immunological interference of the serological 
test used, which entitles us to state that the 
specificity of the test is low. Data regarding the 
false positive reactions following the use of 
ELISA tests are also reported by Sreedevi et al. 
(2011), Pathak et al. (1994), Assana et al. 
(2007) and Ko and Ng (1998). 
 
Regarding the repeatability and reproducibility 
of an immune test for Cysticercus spp. infection, 
Nigatu (2004) determined the value of these 
parameters for indirect hemagglutination test 
(IHAT) in Cysticercus bovis infection of cattle. 
The author established that the test was 97% 
repeatable and 96.4% reproducible, values 
close to those revealed by us. 
 
Conclusions 
 
Ag-ELISA test for the qualitative determination 
of the larvae of Taenia spp. in porcine serum 
can be used in the scope, as it meets all 
conditions of validation. Due to the humoral 
mediated immunity and complex pathogenesis 
of muscle swine cysticercosis the improving of 
diagnosis methodology of this disease is 
necessary. This requires the standardization of 
reagents and reference sera. It aims to 
harmonize and more accurate assessment of 
the performance of serological diagnosis of Ag-
ELISA technique. 
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