
2015 – Middle East – OIE Regional Commission – King et al. 

THE USE OF NON-STRUCTURAL PROTEINS  

TO DIFFERENTIATE BETWEEN VACCINATED AND INFECTED ANIMALS 

D.P. King1, A. Ludi1, G. Wilsden1, S. Parida1 & D.J. Paton1 

Original: English 

Summary: This document provides a short review on the use of NSP tests to differentiate 
between vaccinated and infected animals; particularly focusing on the use of these tests to 
support FMD control programmes in regions that are endemic for foot and mouth disease 
(FMD) or sporadically impacted by the disease such as the 20 countries within the OIE 
Regional Commission for the Middle East. 

Keywords: differentiating infected from vaccinated animals (DIVA) – foot and mouth 
disease virus (FMDV) – Middle East – non-structural proteins – vaccine. 

Serological tests are widely used to monitor the immune status of animals exposed to foot-and-mouth 
disease virus (FMDV) or FMDV vaccines. One particular application of these assays is to identify 
animals in a vaccinated herd that have been infected with FMDV. This so called DIVA (differentiating 
infected from vaccinated animals) principle exploits differences in the antibody (humoral) responses 
generated in vaccinated animals compared to those animals naturally infected with FMDV (whether or 
not they have been vaccinated). 

High-quality FMDV vaccines are purified to contain structural protein (SP) viral capsid components 
from which most of the viral non-structural proteins (NSP) have been removed. In contrast, during 
natural infection with FMDV, NSP of the virus are expressed that elicit a corresponding immune 
response that can be detected using diagnostic approaches (Fig. 1). 

During the replication cycle of FMDV, 8 different NSPs (as well as additional precursors) are generated 
which are potential serological targets for diagnostic assays [6]. Comparative studies using recombinant 
Lb, 2C, 3A, 3D, and 3ABC FMDV NSPs have highlighted considerable variability in the responses; 
however, following exposure to infection, vaccinated animals show an antibody response to NSP, 
particularly 3AB, 3ABC [10, 11], 2B [2, 9] and/or 3C, 2C, and occasionally 3A [10, 11]. 

Today, there are a number of commercially available tests, and in-house assays that detect NSP-
specific antibody responses including 3ABC, 2B, 2C, 3B, 3B2, 3D. The strength of the NSP-specific 
antibody responses in individual vaccinated animals can vary according to the extent of virus 
replication. Therefore, when the comparative performance of five 3ABC assays and one 3B tests were 
evaluated [4], the ability of these tests to detect vaccinated animals that have been subsequently 
exposed to FMDV varied considerably (from 38% to 74%), although these sensitivity values were higher 
when only carrier animals were included in the analysis (48% to 89%). The specificity of all these 
assays in vaccinated cattle exceeded 96% [4]. Tests that adopt a blocking (antigen-capture) ELISA 
format provide a generic approach to detect NSP-specific responses for all species that are susceptible 
to FMD. 

This document provides a short review on the use of NSP tests to differentiate between vaccinated and 
infected animals; particularly focusing on the use of these tests to support FMD control programmes in 
regions that are endemic for FMD or sporadically impacted by the disease such as the 20 countries 
within the OIE Regional Commission for the Middle East. 
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to know the design prevalence of the study (such as to detect 5% prevalence with 95% confidence) 
since this will impact upon the interpretation of data. Rather than employing random sampling, the 
adoption of a risk-based sampling strategy may be more effective to recognize rare events. 

When used for ruminants, a limitation of these tests is that they are unable to distinguish between 
convalescent and carrier animals [3, 14]. Therefore, while these NSP antibody tests can be useful to 
estimate the degree of virus circulation in a population, whether these positive animals can contribute 
to the epidemiology of FMD is not well understood. 
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