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Abstract
In this study, serum samples from single vaccinated and multiple vaccinated animals, against Foot-and-mouth disease (FMD) were 

collected from field buffaloes. Samples with titre more than 1.4 in LPBE were selected for measuring antibody avidity. The study 
was conducted to compare the actual status of the protective antibody generated after vaccination in single and multiple vaccinated 
animals. The binding affinity of these antibodies were tested using an avidity ELISA. It was found that even after multiple vaccination 
in some of the animals the avidity was low whereas some of the single vaccinated animals showed high avidity than the multiple 
vaccinated animals. We conclude that multiple vaccination with strong antibody titre may not be always a true indicator of strong 
protective response. Hence, regular post-vaccination monitoring of antibody avidity needs to be done where there is a high virus 
circulation as a measure of herd immunity.
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Introduction

Foot-and-mouth disease (FMD) is an economically important 
disease of domestic and wild cloven-hoofed animals. It is caused 
by the Foot-and-mouth disease virus of the family Picornaviridae. 
In endemic countries, the annual loss incurred by FMD outbreaks 
and cost of vaccination amount to US$ 6.5 to 21 billion [1]. Addi-
tionally, FMD outbreaks in FMD free countries cause an annual loss 
of more than US$ 1.5 billion [1]. FMD outbreaks in endemic coun-
tries are controlled by biannual vaccination. Both pre-vaccinated 

and post-vaccinated sera are collected and are subjected to Liquid 
Phase Blocking ELISA (LPBE) to measure and compare the protec-
tive antibody titer generated. The antibody generated after vacci-
nation is considered to be protective and is considered to prevent 
future outbreaks, although, it does not provide sterile immunity.

In an endemic setting, along with the measurement of antibody 
titer, it is also necessary to measure the binding affinity of the an-
tibodies with the antigen, particularly in the case of multiple vacci-
nated animals where the booster dose is given in every six months. 
This can be achieved by developing an avidity ELISA to check the 
strength of binding of antibodies with their corresponding antigen. 
The avidity of an antibody refers to the strength of its bonding with 
antigen and is related to the antigen-antibody site. Avidity ELISA 
has also been applied for the assessment of heterologous protec-
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tion against FMDV in cattle [2]. Likewise, the avidity of antibody 
responses against FMDV and its relationship with protection has 
not been investigated, although the idea of its relevance in comple-
menting quantitative assessments has been already proposed in 
previous reports [3-6]. There is also a gap in the knowledge about 
avidity of antibodies developed in pre and post vaccinated animals 
against FMD.

In this study we have compared the avidity of the antibodies 
developed in single and multiple vaccinated animals against FMD.

Materials and Methods

Serum samples 

In this study, forty-seven serum samples from multiple vac-
cinated serum samples and forty two serum samples from single 
vaccinated animals were collected randomly from the field. These 
animals were already vaccinated by a trivalent inactivated FMDV 
vaccine (comprising of O, A and Asia 1 antigens) by the field vet-
erinarians. Multiple vaccinated animals are those animals which 
have been vaccinated more than two times by using FMDV trivalent 
vaccine. The serum samples were collected after consent from the 
animal owners. Proper history of FMD vaccination was taken for 
both single and multiple FMDV vaccinated animals. Only samples 
showing LPBE titer more than 1.4, suggestive of strong antibody 
titer were tested for their avidity. 

Avidity ELISA

The samples were tested using an avidity ELISA described pre-
viously [7]. The ELISA plates (Nunc MaxiSorp™ flat bottom) were 
coated with 50 µl of FMDV O antigen. The next day, plates were 
washed three times with blocking buffer. 50 µl diluted serum sam-
ple was added in each well. Plates were kept at 37°C for one hour 
followed by three times washing by blocking buffer. The antigen 
and antibody complex was treated with a chaotropic agent (7M-
Urea) in PBS for 20 minutes added 50µl/well. The samples were 
tested in two rows, one treated with a chaotropic agent and the 
other one non-treated. The plates were incubated for one hour at 
37°C and then washed three times with PBS. Subsequently, diluted 
anti-bovine IgG conjugated HRPO (Sigma) (as per the manufactur-
er’s recommended concentration) was added to the plates and kept 
for one hour at 37°C followed by three times washing with PBS + 
1% Normal Rabbit Sera + 0.2% Tween 20. In the end, chromogen/
substrate mixture (50μl/well) containing 5.05 mM ortho-phenyl-
ene-diamine dihydrochloride (Sigma) 30% (w/w) hydrogen perox-

ide (Sigma) diluted 1:2,000 was added and the color reaction was 
read at 490nm in an ELISA plate reader. The test was interpreted 
as an avidity index.

Cut-off value of avidity ELISA

The cut-off value of avidity ELISA was calculated by measuring 
the average avidity index of the 100 negative samples. The average 
value + 2SD was taken as the cut-off value. Samples having avidity 
index more than the cut-off value were considered as having high 
avidity antibodies and less than the cut-off were considered as hav-
ing low avidity antibodies.

Statistical analysis

The avidity indices of naïve animals, single vaccinated and mul-
tiple vaccinated animals was compared by Student’s t-Test using 
Graph Pad Prism Software.

Results

The cut-off value was fixed in OD = 0.54 (mean OD value of 100 
negative samples + 2SD). Only untreated samples (PBS wash) with 
an OD value over 0.54 (corresponding to LPB-ELISA titer over 1.4) 
were considered to calculate the AI.

Cut-off value of avidity ELISA

100 negative samples were subjected to avidity ELISA and their 
avidity index was calculated. The mean avidity index was 25.96 
with a standard deviation of 6.40. The cut-off value calculated was 
Mean + 2SD which turned out as 38.77. 

Avidity Index of single and multiple vaccinated animals

Total of forty-two serum samples from single vaccinated ani-
mals were tested out of which twenty-one serum samples were 
positive in indirect ELISA. Out of twenty-one serum samples, fif-
teen samples showed high avidity index (> 38.77) ranging from 
40.84 to 58.80 which formed 35.71% of total samples and remain-
ing six samples had low avidity ranging from 7.5 to 38.13%. In 
multiple vaccinated animals, out of 47 serum samples, 38 samples 
were positive in indirect ELISA. In multiple vaccinated animals, 
twenty-four animals had high avidity which formed 51.06% of total 
samples and sixteen had low avidity which formed 34.04% of total 
samples (Table 1).
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Vaccination status Total samples High Avidity Percentage Low avidity Percentage
Single vaccinated 42 15 35.71 6 14.28
Multiple vaccinated 47 24 51.06 14 29.78

Table 1: A comparative analysis of avidity indices obtained in single and multiple vaccinated animals against FMD.

Comparison between avidity indices of naïve animals, single 
vaccinated animals and multiple vaccinated animals

The mean avidity indices of naïve animals, single vaccinated 
animals and multiple vaccinated animals was calculated and com-
pared by Student’s t-Test in a Graph pad prism software. A signifi-
cant difference was obtained between avidity indices of naïve and 
single vaccinated animals (p value = 0.000). Similar kind of obser-
vations were obtained for the difference between avidity indices of 
naïve and multiple vaccinated animals (p value = 0.000). However, 
no significant difference was obtained between the avidity indices 
of single and multiple vaccinated animals (p value = 0.228) (Figure 
1). 

Figure 1: A comparative analysis of avidity indices of 
unvaccinated (negative), single vaccinated and multiple 

vaccinated animals. Y axis indicates avidity indices.

Discussion

A strong antibody titer generated post-vaccination is suggestive 
of a successful vaccination regime. Further evidence of the protec-
tive nature of elicited antibodies can be confirmed by Virus neu-
tralization test which is time-consuming. Avidity ELISA is an alter-
native to measure the generated immune response which in past 
has been used for other diseases [2,8,9].

In the present study, when the qualitative analysis of antibod-
ies generated after multiple vaccinations was done by using avid-
ity ELISA, few serum samples were found to have antibodies with 
low avidity (avidity index < 38.77). Out of 47 samples tested, 16 
serum samples showed low avidity with an avidity index rang-
ing from 8.95 to 38.75. These all 16 serum samples showed high 
titer (> 1.4) in LPBE. Despite a high LPBE titer, the avidity index 
of sixteen samples was found less (< 38.77%). Total of forty-two 
serum samples from single vaccinated animals were tested out of 
which twenty-one serum samples were positive in indirect ELISA. 
Therefore, multiple vaccination may not be always a true indicator 
of protective immune response development as many single vac-
cinated animals have higher avidity index than the multiple vac-
cinated animals. However, no significant difference was obtained 
in the mean avidity indices of single and multiple vaccinated ani-
mals which could be due to high avidity antibodies formed in some 
of the single vaccinated animals. The avidity of ELISA has serious 
implications in the estimation of generated immune response and 
hence predicting the susceptibility of that population for gaining 
FMDV infection. It may be helpful in predicting outbreaks where 
virus circulation is there but the population has low avidity index. 
Zones or areas having low avidity post-vaccination can be marked 
as having low herd immunity and continuous sero-monitoring may 
be done.
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