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acid residues relevant for FMDV capsid acid sensitivity when pH is changed have been 

discovered (Yuan et al., 2017). The negatively charged histidine residues (H142 and 

H145) located within the VP3 protein colonise the inter-pentameric interface of the 

capsid’s subunits in a high density which triggers the acid-mediated induction of capsid 

dissociation after protonation in the acidic environment of the endosome. This 

phenomenon may even occur at a neutral pH level, which may be due to the 

electrostatic repulsive interactions that occur in between these protonated histidine 

residues (Acharya et al., 1989, Rincón et al., 2014). 

In a quest to determine alternative methods of improving the acid stability and 

sensitivity of FMDV, it has been determined that the substitution of a single amino acid 

residue in the capsid protein can enhance stability and increase acid sensitivity of the 

virus (Martín-Acebes et al., 2010). To date, about 11 amino acid residues when 

substituted have proven to be able to improve the acid stability of the FMDV particle 

during inactivation (Yuan et al., 2017). It was revealed during investigation using 

FMDV serotype C, O, and Asia-1 that the substitution of amino acids residues N17D 

located within the VP1 N terminus can increase acid resistance, improve alkali stability 

and maintain thermal-stability of the antigen (Martín-Acebes et al., 2011, Liang et al., 

2014, Vázquez-Calvo et al., 2014). However, the substitution of amino acids residue 

N17D of VP1 resulted in a decreased ability to replicate in vitro in a BHK-21 cell line 

and resulted in a mild increase in virulence in vivo in suckling mice. In contrast, the 

substitution of amino acids residue D86H of VP2 had no adverse effect on the 

virulence of the virus (Yuan et al., 2020). 

1.4. FMDV vaccination 

1.4.1. Vaccine history 

Research and development of the FMD vaccine began early during the 20th century 

with the development of an experimental vaccine made from mucosal lesions of FMD-

infected cattle in saline buffer, filtered and inactivated using formaldehyde (Vallée et 

al., 1926). It was around this time when Belin (1927) experimented on the attenuation 

of FMDV but it was only in 1973 at the German Institute of Reims Island in the Baltic 

Sea where the first practical vaccine was developed using a virus harvested from the 

epithelium and vesicular fluid from the tongue of a cow that was deliberately infected. 
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The harvested virus was inactivated using formaldehyde at a lower concentration of 

0.05% and maintained pH levels greater than nine while keeping the temperature at 

around 25°C for about 48 hours (Lombard et al., 2007). Aluminium hydroxide gel was 

used as an adjuvant during vaccine formulation. The aluminium hydroxide adjuvant 

facilitates virus inactivation while being involved in improving the immunogenicity of 

the final product (Waldmann et al., 1937). Years later in Chile, it was discovered that 

saponins are an effective adjuvant when mixed with the aluminium hydroxide gel 

(Espinet, 1951). 

Because of the undesirability of harvesting the starting biological material from 

deliberately infected cattle, a Dutch scientist (Frenkel, 1947) from the Amsterdam 

Veterinary Institute adapted epithelial suspension cells in vitro. The cells were 

obtained from the tongue of healthy cattle that were recently slaughtered. Some 

challenges came with the maintenance, preparation and collection of adequate 

epithelial cells from the tongue of cattle. A new cell line,  BHK-21 clone 13 monolayer 

cells that were developed previously by Macpherson and Stoker (1962) was therefore 

adapted to grow and titrate FMDV (Mowat and Chapman, 1962). To produce FMDV 

antigen and vaccine on a large industrial scale, BHK-21 clone 13 monolayer cells were 

adapted to grow as a suspension of cells at Pirbright Laboratory in the UK, 1962 

(Capstick et al., 1965). Once adapted, the BHK-13 suspension cells were then 

produced in larger fermenters, an industrialized FMD vaccine production system that 

is still operational to date (Telling and Elsworth, 1965). 

1.4.2. Vaccine types 

Because of the great genetic and antigenic variation of FMDV, vaccination or previous 

infections with one serotype does not confer immunity against new infections with any 

of the other six other serotypes and may also fail to provide full protection against 

subtypes within the same serotype (Diaz-San Segundo et al., 2014, Doel, 2005, Paton 

et al., 2005). Therefore, currently formulated FMDV vaccines are either monovalent 

(protective against a single strain), bivalent (protective against two strains), trivalent, 

pentavalent or multivalent vaccines that contain several different types of strains 

(Lombard and Füssel, 2007, Parida, 2009). The combination of strains in the 

formulation of FMDV vaccines depends on the requirements of the species to be 

vaccinated and the epidemiological situation of the area where the vaccine is to be 
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Phosphate (pNPP) substrate yields a yellow positive colour reaction, while the 

interaction of 5-amino salicylic acid or ortho-phenylene-diamine produces a brown 

positive colour reaction (Engvall, 2010). After completion of the enzyme-substrate 

reaction, either sodium hydroxide (NaOH), hydrochloric acid (HCl) or sulfuric acid 

(H2SO4) is added to stop the reaction. Once the reaction is stopped, results are read 

using a spectrophotometer at a wavelength between 400 - 600 nm range. Several 

ELISA techniques exist which include direct ELISA, indirect ELISA, sandwich ELISA 

and competitive ELISA depending on their combination of antigen and antibody 

(Hornbeck, 1992, Aydin, 2015). 

The sandwich ELISA, discovered previously by (Kato et al., 1977) is called so because 

the target antigen is "sandwiched" between the capture and detection antibodies. it is 

known for its high sensitivity and specificity due to its dual antibody binding. This ELISA 

begins when microplate wells are coated with a primary "capture" antibody that is 

specific to the target antigen. The coated plates are covered and incubated overnight 

at low temperatures. This allows the primary capture antibody to adhere to the plate 

surface (Tabatabaei and Ahmed, 2022). Post the incubation, the plates are washed 

with wash buffere to remove any unbound capture antibodies. The coated wells are 

then blocked by using blocking agent such bovine serum albumin (BSA) or any other 

to prevent non-specific binding of other molecules (Kohl and Ascoli, 2017). The sample 

(containing the target antigen) is added to the microplate wells. The target antigen in 

the sample binds to the capture antibody that is immobilized on the plate. The 

microplate is incubated, allowing the antigen to bind to the capture antibody. After 

incubation, the plate is washed to remove any unbound components in order to reduce 

background noise. A second, "detection" antibody which is specific to a different 

epitope (binding site) on the target antigen in added. This detection secondary 

antibody is then conjugated to enzyme such as glucose oxidase, horseradish 

peroxidase (HRP), or alkaline phosphatase (ALP). The detection antibody binds to the 

antigen, forming a "sandwich" complex with the capture antibody. The plate is again 

washed to remove any unbound detection antibodies. An enzyme substrate is then 

added to the wells. If the enzyme-conjugated antibodies are bound to the antigen, they 

will then produce a detectable signal (usually a color change) when they come into 

contact with the substrate. The color change resulting from the enzymatic reaction is 
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measured using a spectrophotometer or a similar instrument. The intensity of the 

signal is proportional to the amount of antigen present in the sample. 

 

Figure 1.2. Schematic presentation of sandwich ELISA (enzyme-linked immunosorbent assay) 
principle (Boguszewska et al., 2019). 

1.5. Problem statement 

Because immunization against one serotype of FMD does not give protection against 

the other seven serotypes and subtypes (Feng et al., 2016), the immunogenicity of the 

presently employed inactivated FMD vaccine depends on the completeness of the 

infective and intact component of antigen, called the 146S antigen particle (Cartwright 

et al., 1980, Crowther et al., 1995). A single 146S particle is made up of a single-

stranded RNA molecule containing 60 copies of each VP1, VP2, VP3 and VP4 

structural protein (Brown and Crick, 1959). The VP1 capsid protein, situated on the 

outer surface of the 146S virus particle can produce enough neutralizing antibodies to 

elicit appropriate immunity and produce protection against FMD infections (Acharya et 

al., 1989, Bachrach et al., 1975). The recommended testing method to quantify 146S 

antigen particles during FMD vaccine formulation is through sucrose density gradient 

centrifugation (SDG) (Barteling and Meloen, 1974). 

Even though the SDG can quantify the desired antigen yield, the test is highly variable 

because it is dependent primarily on the operator, requires expensive instrumentation 

for operation, only quantifies one sample every five to seven minutes, is labour 

intensive and the detecting instrument cannot be automated (Feng et al., 2016). 

Importantly the test cannot indicate whether the immunogenic epitopes on the outer 
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capsid protein (VP1) of 146S antigen have remained intact, have not degraded or have 

been cleaved by proteolytic enzymes and trypsin effects throughout the vaccine 

formulation processes (Doel and Collen, 1982, Baxt et al., 1984). 

The use of a double-antibody sandwich enzyme-linked immunosorbent assay (DAS-

ELISA) to detect the 146S antigen provides higher sensitivity and specificity and it is 

much simpler to run than SDG. The DAS-ELISA testing is extremely fast, robust, 

reproducible, time-efficient and allows for the quantification of a greater number of 

samples in a shorter amount of time. Most notably, the DAS-ELISA when deployed 

using monoclonal antibodies (mAb) have proven to have the ability to assess the 

epitope integrity of the VP1 protein on the 146S antigen's outer surface, w:hich is 

critical for vaccination potency (Van Maanen and Terpstra, 1990, Feng et al., 2016). 

1.6. Research question 

Is it possible to use a DAS-ELISA to quantify the intact 146S antigen of FMDV SAT-1 

& 2 serotypes? 

1.7. Aims 

• To develop a DAS-ELISA-based method for the quantification of the intact 146S 

antigen of FMDV SAT-1 & 2 serotypes. 

• To compare the DAS-ELISA assay method to the SDG fractionation method in 

quantifying the intact 146S antigen of FMDV SAT-1 & 2 serotypes. 

1.8. Objectives 

• Produce the intact 146S antigen of FMDV SAT-1 & 2 serotypes. 

• Maintain the intact 146S antigen of FMDV SAT-1 & 2 serotypes at 4 °C temperature 

and pH 7.5. 

• Dissociate the intact 146S antigen of FMDV SAT-1 & 2 serotypes using 

temperature of 56 °C while at pH of 7.5. 

• Dissociate the intact 146S antigen of FMDV SAT-1 & 2 serotypes using acid at 6.5 

pH while at 4 °C temperature. 

• Completely dissociate (CD) the intact 146S antigen of FMDV SAT-1 & 2 serotypes 

using both acidic at 6.5 pH and 56 °C temperature. 
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• Develop a polyclonal antigen-based DAS-ELISA to quantify the intact 146S antigen 

produced during a vaccine production run. 

• Prepare and quantify the intact 146S antigen versus the dissociated SAT-1 & 2 

antigens (heat, pH and CD) using the standardised  SDG and the newly developed 

polyclonal antigen-based DAS-ELISA. 
• Compare the performance of the polyclonal antigen-based DAS-ELISA to the SDG 

results. 
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 MATERIALS AND METHODS  

2.1. Production of FMDV 146S antigen 

2.1.1. Cell culture preparation 

BHK-21 suspension cells, as described by Capstick et al., (1962), were supplied by 

the tissue culture section of the Onderstepoort Veterinary Research Campus-Trans-

Boundary Animal Disease Programme (ARC-OVR) sub-cultured and re-suspended as 

a start-up culture at passage level 3 (P+3) with an initial concentration of 0.1 x 106 

cells/ mL into an 850 cm2 roller bottle containing Glasgow’s minimum essential 

medium (GMEM) cell culturing growth medium (Merck KGaA, Darmstadt, Germany), 

supplemented with 10% volume/volume (v/v) gamma irradiated adult bovine serum 

(Cell Sera, cat: 102131610), 10% v/v tryptose phosphate broth (Bacto, cat: 260200) 

and 3% v/v lactalbumin hydrolysate (Bacto, cat: 259961). An appropriate level of CO2 

was added to the cell culturing medium and the roller bottle was incubated at 37°C for 

72 hours (hrs) on a high-speed (Frenkel) roller cart with a rotating speed of 30 

revolutions per minute (RPM). After 72 hrs of incubation, cells were harvested and 

counted for viability and a total estimate of 2.78 x 106 cells/ mL was obtained. Another 

series of passages followed, in which P+4 cells were seeded at 0.10 x 106 cells/mL 

concentration in 1x 850 cm2’ for 72 hrs and a harvest of 3.04 x 106 cells/ml 

concentration was obtained. Passage P+5 was seeded at 0.10 x 106 cells/ mL 

concentration for 72 hrs in three 1070 cm2 Corning® polystyrene roller bottles (Merck 

KGaA, Darmstadt, Germany) each containing 1,500 mL of the GMEM cell culture 

growth medium. At harvest, cells were allowed to settle overnight and the spent media 

were decanted leaving behind about 500 mL of cell culture suspension from each 

Corning® roller bottle that were pooled together into a Pyrex bottle. About 500 mL of 

the virus-seeding media was added to the pool to a total of about 2,000 mL of 

suspension cell culture. A total of 5.83 x 106 cells/ml were estimated from the 2,000 

mL pool, which was split into two halves. About 1,000 mL of virus seeding medium 

was added into each half of 1,000 mL making a total of 2x 2,000 mL’of suspension cell 

culture for virus propagation. 

2.1.2. Virus propagation in cell culture 
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2.1.2.1. Propagation of FMDV SAT-1 and SAT-2 viral serotypes 

Concentrations of 2.84 x 106 cells/mL and 2.20 x 106 cells/mL were estimated from 

each 2x 2,000 mL suspension cell culture grown in the laboratory for inoculation with 

the FMDV SAT-1 serotype and SAT-2 serotype respectively, which were obtained 

from the OVI-TADP vaccine production facility. The amount of virus required for both 

SAT-1 and SAT-2 serotype to inoculate into suspension cells at a specified MOI and 

titre was determined using the formula: (cell count (c/mL) x culture volume (mL) x MOI) 

÷ virus titre  in which for SAT-1 serotype, 9 uL of virus with a titre of 108.8 TCID50/mL 

was inoculated into 2000 mL of cells at an MOI of 0.001. For SAT-2 serotype, 1.75 ml 

of virus with a titre of 107.4 TCID50/mL was inoculated into 2000 mL cells at an MOI of 

0.01. The cultivated FMDV SAT-1 serotype culture was incubated at 37°C for 15 hrs 

on an HS roller cart rotating at 30 rpm while the cultivated FMDV SAT-2 serotype 

culture was incubated at 37°C for 16 hrs also on an HS roller cart with a rotating speed 

of 30 rpm. At harvest, both cultures were centrifuged for 10 minutes (Feng et al.) at 

4°C and 2626 relative centrifugal force (g) (Hettich, Germany). The supernatant 

containing the antigen was transferred into 10 x 50 mL and 3 x 500 mL aliquots, which 

were labelled and stored at -70°C. 

2.1.2.2. The 146S antigen particle dissociation design of both SAT-1 & 2 serotypes 

For the dissociation of the 146S antigen particle, four different dissociation conditions 

were set with four different sampling time intervals. The first condition was normal 

short-term storage at 4°C and pH 7.5 termed the “Intact 146S”,  the second condition 

was dissociation with a higher temperature at 56°C and pH 7.5 termed “Temperature”, 

the third condition was dissociation with strong acid at 6.5 pH and 4°C termed “pH” 

and the fourth condition was dissociation with both, acidic at pH 6.5 and temperature 

of 56°C termed complete dissociation “CD”. A high temperature treatment was 

achieved using a water bath set at 56°C while an acidic treatment was achieved using 

1M HCL. During dissociation, sampling was done at zero, five, ten and fifteen minutes 

for each condition. Samples were aliquoted into a series of 4 x 1.5 mL cryo-tubes and 

labelled accordingly. The series of aliquots were used in SDG antigen purification and 

ELISA testing. 
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2.1.2.3. The 146S antigen particle determination by SDG of both SAT-1 & 2 serotypes 

The SDG ultracentrifugation method as described by Barteling and Meloen, (1974) 

was used in sample preparation for antigen quantification. A linear 10 - 30% (w/w) 

concentration of SDG solution was prepared in polypropylene centrifuge tubes 

(Beckman Coulter, CA, USA) using a model B108-2 gradient master (BioComp 

Instruments, Fredericton, Canada). To remove cell debris, samples were centrifuged 

for 1 min at 252 g using a Neofuge 15R/15 centrifuge (Heal Force, Shanghai, China). 

Samples were tested in duplicate, in which 20 µL of the centrifuged sample was 

layered on top of the 10 - 30% (w/w) sucrose density gradient solutions in 

polypropylene centrifuge tubes. The tubes were carefully loaded into an SW 55 Ti 

Swinging-Bucket Rotor, which was attached to a Beckman Coulter OptimaTM XPN-90 

ultracentrifuge (Beckman Coulter, CA, USA) drive hub. Samples were centrifuged for 

50 min and 303 8000 g at 4°C hold. After centrifugation, the precipitated 146S particle 

fractions in the gradient were scanned at 254 nm wavelength using a Type 11 Optical 

Unit for UA-6 absorbance detectors (Teledyne Isco, Nebraska, USA). A peak forming 

146S particle was calculated and measured in μg/ml using peak integration Clarity™ 

chromatography software (DataApex, Prague 5, The Czech Republic). Previously 

purified 146S particles with known antigen concentration were used as the positive 

control while BHK-21 suspension cell culture with no antigen was used as a negative 

control of the test. 

2.2. Development of a polyclonal antigen-based DAS-

ELISA 

2.2.1. Coating of microtitre plates with the capture antibody 

To coat the 96-well microtitre flat-bottom plates (Nunc™MaxiSorp™, Thermo Fisher 

Scientific, USA), rabbit antisera (coating serum) specific for FMDV SAT-1 and -2  

serotypes was immobilized as the capture antibody. The capture antibody was diluted 

to a working concentration of 1/2500 carbonate/bicarbonate coating buffer, pH 9.6). 

An amount of 100 µL of the diluted coating serum was added to each well of the 96-

well microtitre plate using a 12-channel micro-pipette and the coated plates were 

incubated overnight at room temperature between 18°C - 25°C. Post incubation, the 

plates were washed with washing buffer (PBS containing 0.05% Tween-20) using an 
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automated plate washer for three wash cycles, to remove the unbound capture 

antibodies. The plates were then stored at -20°C until further use. 

2.2.2. Preparation of the detection antibody 

The guinea-pig antiserum of the same specificity as the capture antibody was 

prepared as a detecting antibody. The guinea-pig serum was pre-blocked with normal 

bovine serum (50% v/v) by mixing 10 mL of guinea pig with 10 mL of the bovine serum 

and 80 mL of 0.5% PBS-skim milk was added to the mix  ture. The detecting antibody 

mixture (working stock) was aliquoted in 10 mL volumes and stored at -20°C. 

2.2.3. DAS-ELISA sample testing design  

For each serotype, sixteen samples of different time intervals (0, 5, 10, 15 min) and 

dissociation conditions (Intact 146S, Temperature, pH and CD) were tested in 

duplicate from column 1 to column 10. The duplicates were titrated in two-fold dilution 

series from row A to row H. Test controls were tested in duplicate in columns 11 and 

12 and serially diluted two-fold, with the negative control (blocking buffer/0.5% PBS-

skim milk) titrated from rows A to D and the positive control (SAT antigen specific to 

either serotype 1 or 2) titrated from rows E to H for each testing plate.  
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Figure 2.1. Plate layout diagram of both SAT 1&2 antigen dilutions, including controls and the blank 
indicated in the appropriate wells. 
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2.2.4. Polyclonal DAS-ELISA for FMDV SAT-1 and 2 antigen 

quantification 

The coated microtitre plates stored at -20°C were thawed at room temperature and 

residual moisture contents were removed by tapping the plates upside down on a lint-

free absorbance surface. One hundred µL of FMD test antigen was loaded in 

duplicates in each well from columns 1 to 10 and titrated at a two-fold serial dilution 

(1:2 - 1:128) in blocking buffer (0.5% PBS-skim milk) by transferring 50 µL from row A 

to H of the plate. From columns 11 to 12, 100 µL of the negative control (blocking 

buffer) were loaded in duplicate and titrated at a two-fold serial dilution (1:2 - 1:8) by 

transferring 50 µL from row A to D, while the positive control (SAT antigen specific to 

serotype 1 or 2) was titrated at a two-fold serial dilution (1:2 - 1:8) by transferring 50 

µL from row E to H of each well. The plates were incubated for 1 hr at 37°C while 

shaking continuously on an orbital shaker. After incubation plates were washed with a 

washing buffer (PBS containing 0.05% Tween-20) for three wash cycles followed by 

the addition of 50 µL of the detecting antibody/guinea-pig antisera diluted 1:50 in 

blocking buffer. The plates were then incubated for 1hr at 37°C while shaking 

continuously on an orbital shaker, followed by washing with a wash buffer for three 

wash cycles. Following the washing step, 50 µL of secondary antibody (goat anti-

guinea pig IgG F(ab’)2) conjugated to horseradish peroxidase (HRP) enzyme”) 

(Sigma, St. Louis, USA) diluted 1:60 in blocking buffer were distributed in each well 

and incubated for 1hr at 37°C while shaking continuously on an orbital shaker. After 

incubation, the plates were washed with a washing buffer for three wash cycles. One 

hundred µL of freshly prepared substrate/chromogen solution [30 ml substrate 

solution, 300 µL TMB and 23 µL H2O2] enough for 3 x 96 wells was added to all wells 

and incubated for 15 min on a bench at room temperature. To stop the colour reaction, 

50 µL of 1 M (mol/L) H2SO4 was added to each well and plates were analysed using 

Thermo Scientific Multiskan EX (Thermo Fisher Scientific, Massachusetts, USA) 

microplate photometer ELISA reader that reads wavelength at 450 nm. 
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Figure 2.2. Plate layout diagram (steps 1-3) showing all the steps performed during the DAS-ELISA for 
both SAT 1 &2 atigens. 
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Figure 2.3. Plate layout diagram (steps 4-7) showing all the steps performed during the DAS-ELISA for 
both SAT 1 &2 atigens. 
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2.3. Data analysis 

Serological data was captured and analysed in a Microsoft Excel spreadsheet. 

Samples were tested in duplicate and the mean and standard deviation of the OD450 nm 

value results were calculated.  
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 RESULTS 

3.1. FMDV SAT-1 serotype 

3.1.1. The intact 146S antigen quantification by sucrose density gradient 

fractionation 

The FMDV SAT-1 146S antigen concentrations under four different conditions (Intact 

146S, Temperature, pH and complete dissociation “CD”) over 15 min are shown in 

Figure 3.1 below. 

 

Figure 3.1. Quantification of FMDV SAT-1 146S antigen concentrations under four conditions using a 
Type 11 Optical Unit absorbance detector at 254 nm after sucrose density gradient (SDG) fractionation. 

3.1.2. Polyclonal antigen-based double-antibody sandwich ELISA. 

First, the two-fold dilution series of FMDV SAT-1 antigen concentration from samples 

under four different conditions (Intact 146S, Temperature, pH and CD) was conducted 

to achieve the linearity (concentration where optimal antigen signal is obtained using 

minimum antigen quantity) through a polyclonal DAS-ELISA as shown in Figure 3.2. 

The linearity (an optimal amount of antigen) was achieved successfully at dilution point 

0.25 dilution for the four conditions shown in Figure 3.2. Hence the dilution point 0.25 

dilution was selected for quantification of the SAT-1 antigen samples as shown in 

Figure 3.3 below. 
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Figure 3.2. Two-fold serial dilutions of FMDV SAT-1 antigen using a polyclonal DAS-ELISA. 

The FMDV SAT-1 antigen concentrations at 0.25 dilution from samples under four 

different conditions (Intact 146S, Temperature, pH and CD) at different time intervals. 

The results are shown in Figure 3.3 below. 

 

Figure 3.3. Quantification of FMDV SAT-1 antigen using a polyclonal DAS-ELISA at a 0.25 dilution 
under four conditions. 
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3.2.1. The intact 146S antigen quantification by sucrose density gradient 

fractionation 

FMDV SAT-2 146S antigen concentrations under four different conditions (Intact 

146S, Temperature, pH and CD) over 15 min are shown in Figure 3.4 below. 

 

Figure 3.4. Quantification of FMDV SAT-2 146S antigen concentrations under four conditions using a 
Type 11 Optical Unit absorbance detector at 254 nm after sucrose density gradient (SDG) 
fractionation. 

3.2.2. Polyclonal antigen-based double-antibody sandwich ELISA. 

The two-fold dilution series of FMDV SAT-2 antigen concentration from samples under 

four different conditions (Intact 146S, Temperature, pH and CD) was conducted to 

achieve the linearity (concentration where optimal antigen signal is obtained using 

minimum antigen quantity) through a polyclonal DAS-ELISA as shown in . The linearity 

(an optimal amount of antigen) was achieved successfully at dilution point 0.25 dilution 

for the four conditions shown in Figure 3.5. Hence the dilution point 0.25 dilution was 

selected for quantification of the SAT-2 antigen samples as shown in Figure 3.6. 

below. 
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Figure 3.7. Two-fold serial dilutions of FMDV SAT-2 antigen using a polyclonal DAS-ELISA. 

The FMDV SAT-2 antigen concentrations at 0.25 dilution from samples under four 

different conditions (Intact 146S, Temperature, pH and CD) at different time intervals. 

The results are shown in  below. 

 

Figure 3.8. Quantification of FMDV SAT-2 antigen using a polyclonal DAS-ELISA at a 0.25 dilution 
under four conditions. 
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 DISCUSSION  

In this research, we compared the SDG fractionation system to quantify FMDV 146S 

antigen particles at 254 nm using a Type 11 Optical Unit for UA-6 absorbance detector 

to the polyclonal DAS-ELISA, used to detect 146S antigen particles at OD 450 nm 

using a microplate photometer in samples under four different conditions: Intact 146S, 

Temperature, pH and Complete dissociation. 

For the quantification of the FMDV SAT-1 serotype using the SDG fractionation 

system, our results showed that the Intact 146S antigen showed no sign of 

degradation when quantified at five minutes intervals over a 15 min period and 

retained its integrity over a 15 minutes period (Figure 3.1). The pH samples when 

compared to samples of the Intact 146S showed a slight degradation of the 146S 

antigen particles but remained detectable over the 15 minutes dissociation period 

when using the SDG fractionation system. This suggests a partial conversion of the 

146S antigen into 12S protein subunits. The 146S antigen concentrations of samples 

under both Temperature and Complete dissociation conditions showed a significant 

decline after 5 minutes of exposure and there was no detection of the 146S antigen 

particles in samples between 10 – 15 minutes of exposure. While this indicated a 

complete degradation of the intact 146S antigen particles, it also suggested a 

successful conversion of the intact 146S antigen particles into the 12S protein subunits 

in samples after 10 minutes of exposure. 

For the quantification of the FMDV SAT-2 serotype in Figure 3.4, results also indicated 

that the intact 146S antigen particles of SAT-2 retained their integrity over a 15 minutes 

period of dissociation. The 146S antigen concentration of both Temperature and pH 

conditions reduced significantly from 5 minutes to a point of no detection after 15 

minutes exposure. This suggested a gradual dissociation of 146S antigen particles 

into 12S protein subunits between 5 - 10 minutes and a complete conversion by 15 

minutes period. The 146S antigen concentration of the Complete dissociation  

condition indicated a significant decline after 5 minutes exposure to a point of no 

detection after 10 minutes exposure when compared to other treatment conditions. 

This result showed that the intact 146S antigen particles of the Complete dissociation 

condition dissociated completely after 10 minutes of exposure, suggesting a 
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successful conversion of the intact 146S antigen particles into the 12S protein 

subunits. 

Quantification of other FMDV antigen particles, protein subunits and capsid 

polypeptides using the Type 11 Optical Unit for UA-6 absorbance detector is not 

possible since 75S, 12S and VP1 antigens are not detectable at the specified 254 nm 

absorbance. The 12S subunit has an absorbance of 260 nm and VP1 280 nm. 

Absorbance at 254 nm is therefore specific to the intact 146S antigen particles and 

able to quantify the antigen at the highest sensitivity of 0.002 absorption units. In total, 

there are ten available sensitivity ranges that includes 0.002, 0.005, 0.01, 0.02, 0.05, 

0.1, 0.2, 0.5, 1.0 and 2.0 absorption units that are compatible to the 254 nm 

absorbance (Li et al., 2021, Rao et al., 1994). 

The SDG centrifugation described by Barteling and Meloen (1974) is a standardised 

method and has been widely and successfully used over the past few decades to 

quantify whole virion (146S antigen) yield at 254 nm absorbance, but this method has 

several setbacks that limit its day to day operational practicality across different 

laboratories: The test yields highly variable results because of its dependence on the 

skills of an individual operator. It requires specialized, expensive instrumentation for 

operation. It is time-consuming and has a low sample testing capacity  in that only one 

sample can be quantified in five to seven minutes. Finally, the test is labour-intensive 

and the antigen quantification instrument is neither fully nor semi-automated (Crowther 

et al., 1995). Importantly, the test cannot indicate whether the immunogenic epitopes 

on the outer capsid protein (VP1) of 146S antigen have remained intact, have not 

degraded or have been cleaved by proteolytic enzymes and trypsin effects during the 

vaccine formulation processes as the ELISA can (Crowther et al., 1995). 

The use of a double-antibody sandwich enzyme-linked immunosorbent assay (DAS-

ELISA) to detect a whole 146S antigen provides higher sensitivity and specificity when 

using monoclonal antibodies (mAbs) that recognises and bind only to the expressed 

epitopes of the intact 146S particle and not to the epitopes of the resulting protein 

subunits including the 12S which share common epitopes with the intact 146S (Van 

Maanen and Terpstra, 1990). The test is much simpler to run than the SDG 

centrifugation method. It is extremely fast, robust, reproducible, time-efficient and it 

allows for the quantification of a greater number of samples in a shorter amount of 
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time. Most notably, the DAS-ELISA can assess the epitope integrity of the VP1 protein 

on the intact 146S antigen's outer surface, which is critical in FMD vaccine formulation 

potency (Crowther et al., 1995). 

Due to common epitopes that are serologically shared between the intact 146S 

antigen particles and the 12S protein subunits of FMDV, detection of the intact 146S 

antigen particles in the presence of the resulting 12S protein subunits using polyclonal 

antibody-based (pAbs) DAS-ELISA as in this study may result in cross-reaction 

(Harmsen et al., 2017). To avoid cross-reactivity between the whole antigen particle 

and the 12S protein subunit, dissociation of the intact 146S particles was achieved by 

exposure of the virus to either heat or acid or both heat and acid at once. The exposure 

of FMDV to heat above 65 °C and to acid with pH below 6.5, results in irreversible 

dissociation of the intact 146S antigen particles into 12S protein subunits (Harmsen et 

al., 2011). Other means of eliminating cross-reactivity involve the use of monoclonal 

antibody-based (mAbs) ELISA, which bind specifically to the intended and desired 

epitopes on either the 146S antigen or the resulting 12S subunits particles (Baxt et al., 

1989, Harmsen et al., 2011). 

According to validation of the solid-phase competition ELISA assay performed at ARC-

FMDV diagnostic laboratory unit, the test is optimised to achieve an optimal antigen 

signal (presented in OD450 value) at 1:4 antigen quantity dilution. Hence the selection 

of the said dilution in testing of the samples, as illustrated in Figure 3.3 and Figure 3.6. 

For SAT-1 serotype, The OD450 value results of between 0 to 15 minutes exposure 

indicated that the pAbs reacted equally to the intact 146S antigen particles and to other 

subunits produced in samples of other conditions (Temperature, pH and CD) as 

illustrated in Figure 3.3. This suggested that antigens present in these conditions 

(Temperature, pH and CD) shared common binding epitopes with epitopes on the 

intact 146S antigen particles. The indication of shared binding epitopes suggested the 

detection of the 12S subunits in these (Temperature, pH and CD) conditions. 

 Additionally, The trend was also observed with SAT-2 serotype in that the OD450 value 

results of between 0 to 15 minutes exposure showed that pAbs reacted equally to the 

intact 146S antigen particles and to subunits of the Temperature and CD conditions 

with the exception of the subunits in the pH condition as illustrated in Figure 3.6. This 
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suggests that antigens present in these conditions (Temperature, CD) shared common 

binding epitopes with epitopes on the intact 146S antigen particles. The shared binding 

epitopes also suggested detection of the 12S subunits in the Temperature and CD 

conditions. However, the OD450 value results of the pH condition in the SAT-2 serotype 

(Figure 3.6) showed a slight but non significant reduction in concentration of the 

detected subunits during the 15 minutes exposure when compared to other tested 

conditions (Intact 146S, Temperature and CD). This suggests that the 12S subunit 

detected in the pH condition was present at a reduced concentrations when compared 

to 12S subunit of other conditions (Intact 146S, Temperature and CD) (Figure 3.6). 
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 CONCLUSION AND 

RECOMMENDATIONS 

Several methods have been developed for the quantification of the intact 146S antigen 

particles of the FMDV that is essential in the production of the inactivated FMD vaccine 

(Spitteler et al., 2011, Harmsen et al., 2011). Comparison of the SDG fractionation 

system with a pAbs DAS-ELISA assay for quantification of the intact 146S antigen 

demonstrated a higher specificity of the SDG fractionation assay to the intact 146S 

antigens for both SAT-1 & -2 serotypes. The pAbs DAS-ELISA demonstrated cross 

reactivity to the intact 146S antigen and the dissociated 12S protein subunits for both 

SAT-1 & -2 serotypes of FMDV. The pAbs DAS-ELISA assay was not specific only to 

the epitopes on the intact 146S antigen particles and therefore the quantification of 

146S antigen particles using non-specific pAbs was not suitable. For a successful 

quantification of the intact 146S antigen particles of FMDV with less probability of cross 

reactivity, DAS-ELISA using monoclonal antibodies (mAbs) that recognize and bind 

specifically to the epitopes of the intact 146S antigen particles and not to the epitopes 

of the 12S subunits should be employed during routine production of the inactivated 

FMD vaccine (Harmsen et al., 2017). This was also proven in the studies of (Van 

Maanen and Terpstra, 1990, Krishna et al., 2019, Yang et al., 2008) whom managed 

to develop mAbs that recognised and bind specifically to the epitopes of the intact 

146S antigen particles and to those of the 12S subunits. 
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