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Abstract 
Foot and Mouth Disease (FMD) Virus is a contagious animal disease that causes irreparable damage to the economy of a country, including Iran where the disease is native to. Among the ways to combat FMD is vaccination and slaughter. Because of the specific situation of Iran, it is rather not possible to kill infected animals. Therefore, vaccination seems to be the most important way to fight the disease. The methods used to evaluate the safety and determine the titer of antibody in a serum are mainly serum neutralization test (SNT) and enzyme linked immunosorbent assay (ELISA). In this research, designing an indirect ELISA test based on coating of 140S complete viral particles makes it possible to determine antibody and following the fact that determining serotype and viral type does not require time-consuming and complex molecular tasks, including gene expression. In addition, in the event of a new epidemic, a new epidemic condition can be detected by using serum antibody method. However, coating complete viral particle leads requires virus purification as well as anti-immunoglobulin conjugate antibody testing of the same animal.
In this study, SNT test was used as a Gold Test to determine the serum antibody level and its results was compared with indirect ELISA method to determine the sensitivity and specificity of the indirect ELISA test for measuring the anti-virus antibody rate of type (A2013) FMD through ROC analysis, with 100% sensitivity and the specificity of 90% sensitivity, using routine formulas with 100 sensitivity and specificity of 82%. In this study, considering a cut off OD = 0.3, there was a significant difference between the vaccinated animals and the unvaccinated animals in terms of antibody level against the A2013 type. This indicates the correctness of the test and the accurate and proportional antibody detection against the under study viral types of FMD.
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Introduction
FMD is a highly contagious livestock disease which is one of the main barriers to provision of the health services and production of livestock, as well as livestock products in the country. Almost all the hoof paired livestock, including the ruminant species are the target of the disease virus(Jamal and Belsham 2013 ). In Iran, the three strains of Asia 1-O-A are the most prevalent virus causing FMD among them, A and O strains have been prevalent for 50 years. Among the ways to combat FMD disease is vaccination. Because of the specific situation in Iran, it is not possible to kill infected animals; hence vaccination becomes the most important way to combat the disease(Abdollahi and Meshkat 2004); and this is done by using common vaccines containing the disease. This is done with current vaccines containing common serotypes in the country. Therefore, evaluating the vaccination results and determining the immunity level of the vaccinated herd is very important. The methods used to assess the safety and determine the titer of antibody existing in the serum are mainly neutralization of ELISA tests. In cases where the diagnosis of the disease is not possible by tissue epithelium or lavender fluid due to the mildness or the aging of the disease, exhibiting the presence of specific antibodies of disease can be one way of diagnosing(Jamal and Belsham 2013 ). ELISA test is the best and most practical method for diagnosis of antibodies and a result with high sensitivity and specificity can be obtained with less time and cost(Yang , Parida  et al. 2015). In addition, the ELISA test not only provides the possibility of screening and conducting extensive epidemiological works(Abdollahi and Meshkat 2004), but also the possibility of determining serotype and subtype.
Designing a simple and fast method with high sensitivity, with reliable and consistent results, accompanied with the proposed Gold test method, SN, ability of antibody detection and following the determination of serotypes and subtypes of viruses, as well as prognosis and continuous monitoring of the herd to prevent the development of an exotic virus, is one of the main goals for using ELISA method in this study(Oh, Song et al. 2005).

Materials and Methods
Development of foot-and-mouth disease virus (FMDV), type A2013/IR
A 48 hour cultured monolayer of IBRS-2 cell was used to develop the virus, 2 ml of the virus was added with a titer of 106.5 to each flask. Cytopathic effect (CPE) was completed after 18 hours, and the viruses were collected. After centrifugation at 100g for 15 minutes, the viruses were initially clarified, the surface fluid layer was collected, and the sediment was removed. In the next step, the viruses were filtered through a 0.45 micron syringe filter for further clarification.
Virus titration
A 96-well microplate was used to determine the virus titer. For each dilution, the viruses were titrated using the statistical method of Reed and Munch.

Inactivation of FMDV antigen, type A2013/IR
Antigen was inactivated using the aziridine compound (ethyleneamine) with a concentration of 0.01% for 24 hours at a temperature of 30°C.
Safety Test
Safety test was performed to ensure that there is no live virus in the solution containing the inactivated viruses using the monolayer of IBRS-2 cell for 3 passages. If there is no CPE detected in the sample, it means complete virus inactivation.
Purification of the inactivated viruses using sucrose cushion
A 20% sucrose cushion was used to purify the inactivated FMD viruses and remove the cellular proteins and culture medium; 3 ml of 20% sucrose was prepared and poured into an ultracentrifuge tube (a polycarbonate tube resistant to high speed centrifugation and pressure). Then, 8 ml of the viruses was gradually added to the tube (A2013). After that, the samples were centrifuged for 2 hours at 30,000 rpm (150,000 g) using a Beckman L65B centrifuge (rotor SW40) at a temperature of 6°C under negative pressure conditions.
Injection
Five ml of the A2013 antigen was subcutaneously injected into a calf at the top of the shoulder. Blood samples were taken for antibody titration 10 days after the booster injection.
Titration of antibody using the SN method
First of all, the serum samples were placed in a water bath at 56°C for 30 minutes in order to inactivate the complements. Then, different serum dilutions were prepared in sterile conditions, including 1/8, 1/16, 1/32, 1/64, and 1/128, respectively. The samples were poured into 6 specific wells of the 96-well plate under a biological hood. First, 175 μl of the EMEM culture medium was harvested and poured into the first well (1/8 serum dilution), and 100 μl of the culture medium was added to the next wells up to the sixth well, respectively. In the next step, 25 μl of the serum sample was added to the first well, resulting in a 1/8 dilution. Afterwards, 100 μl of the 1/8 dilution was added to the next well, resulting in a 1/16 dilution. Accordingly, 100 μl of the second well was poured into the third and the same process continued up to the sixth well, i.e. a 1/256 dilution. In this test, 1000 TCID50 of the virus (A2013) was tested for each serum dilution. The plates were placed in an incubator at 37℃ for one hour. Six dilutions were considered for each serum sample, and 4 repetitions for each dilution. There was a repetition for each sample with each well dilution to control the possible effect of serum toxicity in order not to add more virus if any effect was detected. 100 units of virus needed to be placed for each well and each serum dilution. The plates were examined 48-72 hours after incubation, and the CPE was found in all the wells using an inverted microscope. After the examination of the plates, the antibody titer was calculated using the Reed and Muench method. A serum titer or dilution that was able to prevent CPE in 50% of the wells would be chosen as the serum titer.
Indirect ELISA test
This test was conducted to evaluate the level of FMD antibody titer (type A2013) in the cow with two goals.
1. Screening tests, where only those samples are determined that contain sufficient antibodies against the FMD,
2. Antibody titration.
Determining appropriate amount of viral antigen for plate coating
Different dilutions of the virus were poured into all the wells using the checkerboard method in the numerical form from top to bottom (the virus was poured horizontally, and the serum was poured vertically) at 37℃ with shaking for 20 minutes, and then at the same temperature without shaking.
Washing the plate
The plate was washed using PBs (0.002 M) containing Tween-20 (0.05%), and 200 μl of the washing buffer was added to each well. Thus, the plate was washed after shaking for few seconds and 5 minutes without shaking, this was repeated 3 times. 
Adding the serums to the coated plate
Different serum dilutions (1/50-1/2800) were prepared using a diluent buffer (PBS 0.01 M, pH 7.2 + 5% skimmed milk + 0.05% Tween 20) and poured into the specific wells. The content of which are as follows TABLE1: The wells in columns 11 and 12 were used as blanks in different conditions
In the blank wells or control background, all the modes were considered; with coating, without serum, and with conjugated antibody (A11, A12); without coating, with serum, and with conjugated antibody (B11, B12); with coating, with serum, and without conjugated antibody (C11, C12); with coating, serum, and conjugated antibody (D11, D12). The sample was subject to shaking at 37°C for 1 hour after adding the serum. 50 μl of the cow IgG antibody, which had been developed using rabbit and conjugated with peroxidase enzyme, was added to all the wells with a dilution of 1/40,000 (according to the manufacturer instructions) after washing the plate. Then, it was shaken in the incubator at 37°C for 1 hour. 50 μl of the chromogen (TMB) was added to all the wells after washing the plate. When the plate was placed at room temperature in the dark for fifteen minutes, 50 μl of 1.25 molar sulfuric acid was added to all the wells to prevent the sample reaction. Afterwards, the optical densities (ODs) were read at 450 nm using an ELISA reader.


Determining sensitivity and specificity of indirect ELISA test
In the present study, the SNT test was considered as the criterion for determining true positive and negative results. The two fallowing methods were employed to determine the sensitivity and specificity of the indirect ELISA test for measuring FMDV O2010 antibody in cows:
Sensitivity = a / a+c
= a (true positive) / a+c (true positive + false negative)
Specificity = d / b+d
= d (true negative) / b+d (true negative + false positive)
ROC analysis
ROC was calculated by SPSS 22. The maximum OD was considered to be 100 in the positive control. Therefore, the rest of the samples, either positive or negative control, were examined with this. It is called positive percentage. The positive samples containing antibody titer were already specified, plus the negative samples without antibody. When using the SPSS, all the specifications (positive or negative) need to be inserted. The sensitivity and specificity are determined in the form of a TABLE through the option Analysis in the menu bar and selecting ROC curve.
Determining the percent error or coefficient of variation (CV %)
This index is measured in two cases:
- Intra assay coefficient variability: When the samples existing in one plate are tested in duplicate, and the error is calculated between the sample repetitions in the plate.
CV% = SD of OD in duplicate sample / mean of OD in Duplicate sample *100

- Inter assay coefficient variability: When the similar samples existing in more than one plate are tested at the same time. The error that is detected between the sample repetitions is calculated as follows:
CV %=SD of plate means /means of plate means *100
Cut-off calculation
Cut-off was calculated based on standard deviations and the mean of the negative samples; after determining the positive and negative samples and comparing them with SN tests, 60 negative samples were calculated. The cut-off was obtained using the following formula:
Cut off = Mean +/_ 2SD 

It means that a serum with an OD bigger than the value of Mean+2SD is considered positive, and the one with an OD smaller than 2SD is negative. If the value obtained is not within the range mentioned, the test needs to be repeated.
Cross-reaction test
This test was carried out to ensure that there is no cross-reaction occurring between FMDV O2010 and the antiserums A13, A15, and 2016, plus the Newborn Bovine Serum (NBS) collected from the calves in the slaughterhouse, NBS treated with polyethylene glycol (PEG) 6000, the normal horse serum, and the negative control serum available in the commercial kit LBPE. One μg of the inactivated, purified virus (O2010) was coated in each well of the plate in the above mentioned conditions.
Results
Live virus titration
The titer of the virus A13 developed in the BHK cell was obtained 105.8.
Safety test results
After performing 3 passages with the virus inactivated by ethyleneamine on the IBRS-2 (BA) cell, there was no CPE detected; that is, the developed A13 viruses were effectively inactivated and no live virus was found in the viral suspension.
Mass measurement of the inactivated virus (140S)
In this regard, the sucrose cushion method was employed for purification using ultracentrifuge. The measurement results were obtained using the formula A = Σ b c, The OD that was read after the purification at a wavelength of 280 nanometer is as follows: A280=0.531 values obtained represent the amount of the concentrated virus (μg/μl) 
[image: ]
Serum titration results using the SNT method
The SN test was considered the gold test in the present study. The test samples were as follows:
1. The positive control samples that were developed through the injection of viral antigen to the calf,
2. The vaccinated samples as the positive samples containing an antibody protective titer,
3. The negative or unvaccinated samples as the negative control containing no antibody protective titer
Antibody protective titer against the A13 positive control serum 
The cow antiserum protective effect against the A13 type virus was titrated using the methods SN and Reed and Muench method. The obtained titer was 2.18, the equivalent dilution of which is 1/151.

Titration of negative cattle serums based on the SN method
The titer of all the negative (20) serums that were tested using the SN method, was smaller than or equal to 0.9, indicating that there was no antibody amount that can be considered protective. The result is consistent with the indirect ELISA results.
The most appropriate amount of virus for coating
Different virus dilutions were used to determine the best coating level in the test. Dilutions were coated in duplicate in the plate. The selected amounts for coating the ELISA plate wells are listed in the TABLE below, according to the amount of the 140S particles of foot-and-mouth disease virus (FMDV, type A13) in each ml of the purified virus solution. TABLE2: Virus amount used in each wells. FIG.1: illustrates different coating levels for different virus dilutions containing sufficient antibody. According to the Figure, the best concentration level of the purified virus is 17-23 μg/ml or 0.8-1.14 in each well to coat the bottom of the plate for conducting the indirect ELISA test
A comparison between the antibody titration results using the methods SN and indirect ELISA
The vaccinated and unvaccinated animals are shown in TABLE 3and 4.
TABLE 3: A comparison between the antibody titration results using the methods SN and Indirect ELISA In the case of vaccinated animals.

TABLE 4: A comparison between the antibody titration results using the methods SN and indirect ELISA In the case of unvaccinated animal.

Cut-off calculation
Negative cow serum samples were used that had been examined using the SN test, with the results that showed there was no antibody in the samples.
The amount of cut-off that is necessary for A13 antiserum titration was obtained 0.20-0.24 OD. In the test, the cutoff was considered 0.3; that is, the ODs bigger than the value indicate protective antibody and the ODs smaller represent non-protective antibody. In this case, the protective antibody in the IE test was titrated according to the comparison with the SN test with a dilution of 1/800. In other words, a serum titer of equal to or bigger than 1/800 in the indirect ELISA test indicates the minimum protective effect of the antibody, and the smaller values indicate an ineffective antibody titer. The value was considered 1/16 in the SN test. Figures 2illustrate the antibody titer tested using the SNT method in comparison with the indirect ELISA test for both vaccinated and unvaccinated animals. In the Figures, the blue horizontal line represents the cut-off OD obtained using indirect ELISA (in a level of 0.3), the red line represents the cut-off OD obtained using SN method (with a dilution logarithm of 1/2). The lines indicate the amount of antibody in serum. According to the Figure, there is a similar level of protective antibody titer in both tests. This means that that indirect ELISA ODs were bigger than 0.3 when the SN antibody was within the acceptable protective range in the case of vaccinated animals (i.e., a dilution of 1/2). The OD read in indirect ELISA test was smaller than 0.3
Figure .2: Comparative (SN, ELISA) antibody titer against A13 in vaccinated animals

The Sensitivity and specificity of the indirect ELISA method

Method 1
According to the formula mentioned in Chapter 2 for calculating sensitivity and specificity and given the fact that the SN test was regarded as the gold test, the sensitivity and specificity were obtained as follows: 
The number of true positive cases based on the SNT results (in the case of A13 virus): 21
The number of true negative cases based on the SNT results (in the case of A13 virus): 19
The number of false negative cases based on IE results (in the case of A13 virus): 0
The number of false positive cases based on IE results (in the case of A13 virus): 4

Method 2
In this method, the sensitivity and specificity were obtained 100% and 90%, respectively.
TABLE 5: Sensitivity and specificity of the indirect ELISA with Roc analysis 



Percent error calculation
 Percent error was calculated in two ways:
It was calculated for a plate and samples in duplicate fashion, and the result is called intra assay error. It was obtained 6.65 in the test, which is an acceptable error if smaller than 10%. Similarly, 3.25 is also an acceptable error. The inter assay error was calculated between the plates containing similar samples. It was obtained 3.6% and 6.11% for plates with similar negative samples (5 plates) and with positive samples, respectively. An acceptable inter assay error is smaller than 15% 
Cross-reaction test results
Figure. 3 and TABLE 6 shows the results of the ODs read at a wavelength of 450 nm in different wells. TABLE 6: Cross-reaction test results for different serums and antiserums
FIGuer.3: The results of cross-reaction test with serums
Discussion
In this study, SNT test was used as a Gold Test to determine the rate of antibody level in serum and it was compared with indirect ELISA method.
The SNT method provides the possibility of comparing the antibody's protection rate by the titer of serum. Many experts emphasized this method including Jinsikoh who compared SN and ELISA methods in one of his articles.
According to his view point, the obtained results from SN and ELISA are compatible with each other and there are no significant differences between them. By reviewing 1024 samples, he suggested that the SN method should be considered as a Gold test. The indirect ELISA method has less steps and higher speed in comparison with the other ELISA methods(Oh, Song et al. 2005).
Other experts have used the indirect ELISA test as well. For example Jitendra used this method to detect antibodies against the 2B protein of FMD disease for differential diagnosis of vaccine-derived antibodies or antibodies derived from the disease(Jitendra, Sarita et al. 2013). 
In the present study, for the first time, the indirect ELISA test was used to measure the antibody against the structural proteins of the A13 FMD virus. For this purpose, the pure and inactive full virus was used. 
In this study, because of the need to coat the full virus, the FMD virus was made pure so aid its separation from other cell proteins and culture media.
The virus was purified by a sucrose cushion, such that due to the heavier bone virus the cellular proteins and the resulting viscosity medium passes through a concentration of 20% sucrose and precipitates at the bottom of the tube. Although, the protein of the cell and the culture medium remain at the top of the tube because they do not have the ability to overcome the concentration of 20% sucrose viscosity, purification of FMD virus by using sucrose cushion has been tried by many experts. Among them, Bashrash et al. in 1964 used this method to purify fever virus.
By coating complete viral particle there is no need to take any necessary molecular action such as gene express and producing a specific protein. Accordingly, the test speed becomes much higher; and in the event of occurrence of a new epidemic, it is possible that by using viral complete particle, a new epidemic status and the new viruses emerging from the antibody test can be quickly determined. But some restrictions, including the generated virus, require purification. For all animals, the anti-immunoglobulin conjugate antibody of the same animal is needed.
The buffer used for coating was bicarbonate carbonate buffer with amino acid pH= 9.2, and the neutral protein contained in it was negatively charged. Because of the positive charge of the plate, the Maxisorp can easily attach to it and establish a solid bond.
The amount of coated virus by considering the specificity of Maxisorp Plate was 1600 to 650 ng immunoglobulin G per Cm², and the area of each well was 0.3 cm in square. 
The IgG coating capacity in each well was between 180 and 195 ng. In this study, the amount of 1 microgram per well or 20 micrograms per ml was determined; due to the limited capacity of coating in each well, a large amount of these viruses will be washed out from the well. By calculating using the usual formulas that are mentioned in the procedure, the sensitivity was 100% and the attribute value was 82%. This means that all the samples that were positive in the SN test having antibody titer at protective level were diagnosed positive based on indirect ELISA. Of all the samples that were negative in terms of SN, 82% were detected negative based on indirect ELISA; and 18% error was detected in the negative samples. 
In the second method, which was calculated by Rock analysis in SPSS software, the sensitivity was 100% and the attribute value was calculated as 90%.
In similar researches done by Jitendra, 6% of samples from the regions where the disease was not observed had antibody titers that were considered as false positive, with a sensitivity of 95.3% and 94.3% specificity; and CV% error was also within acceptable range. Ming Yang used the competitive ELISA to detect anti-antibody ant protein B3 of FMD virus. The measured sensitivity in his test was 99.4% and the attribute value was 96.4%. Based on his opinion, it is difficult to detect non-structural proteins in the vaccinated population.
In this study, taking into account, OD Cut off = 0.3, a significant difference was found between vaccinated and unvaccinated animals. In terms of the antibody titer rate, the last dilution where titer was equal or higher than 0.3, was calculated at 1.008 dilutions. This means that the serum titer is equal to or greater than 1/8 in the direct ELISA test and indicates that there is a minimum and appropriate antibody level. The amount below this dilution indicates the absence of an appropriate antibody titer, of which this rate in SN experiment is 1.16. This indicates the correctness of the test and the accurate and appropriate diagnosis of antibodies against the types of FMD virus.
According to the results, serums having appropriate antibody in this SN test and indirect ELISA were compatible with each other; and in order to express the accuracy and/or the ability of repeating the immunoassay test results in sciences and social sciences and its behavior, two types of error measurements have been invented and they are:
1. Intra assay Coefficient variability    (CV)
2. Inter assay Coefficient variability    (CV)
CV is a dimensionless number, which is as standard deviation for measuring what is distributed in the mediums.
The method of calculating each error is explained. According to experts such as Mannonen, in 2006, the error rate for the intra assay is up to 10% and in the Inter assay it is up to 15%. In the test designed in this study, the Intra-Assay error rate was 6.65% and in the Inter-assay was 3.6%, and both are within the allowed range. In the event that these errors are higher than the limit, the piping is considered to be inappropriate and non-uniform.
Measuring antibodies against structural proteins by indirect ELISA method, with less time and cost, as well as higher speed with good sensitivity and specificity will be proper. 
Indirect ELISA test, using full antigen of FMD virus, in determining the antibody titer with the SN test is comparably replaceable; and its results are reliable. Given that among the articles presented by the case-investigators, none actually talked about the use of direct coating of virus complete particle for measuring antibody against FMD virus. This measure has been taken for the first time and it is an excellent and unique point of this research(Jitendra, Sarita et al. 2013).
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