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Review on Discriminatory Tests of Immune Reaction due to 
Infection and Vaccination (DIVA Test)

Abstract 

In concern for animal diseases, the goal of vaccination is to pre-
vent or reduce clinical diseases associated with the infectious agent, 
but it can also be used as a means of managing or eradicating a 
disease from a particular region. Therefore it is essential to differ-
entiate immune responses due to vaccination compared to natural 
infection. It was to satisfy this requirement that the term Differen-
tiation of Infected from Vaccinated Animals (DIVA) was coined in 
1999 by Jan T van Oirschot. DIVA principle is based on a DIVA vac-
cine producing an antibody response that is different from the anti-
body response produced by the wild-type virus. The DIVA approach 
has been applied and proposed successfully to various diseases. 
Although considerable progress has been made to evaluate which 
different DIVA strategies are most likely to be applicable in the field, 
considerably more work needs to be done. If properly applied, DIVA 
vaccination strategies promise to provide new tools for the control 
and eradication of diseases.
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Introduction

Vaccination has effects at the individual and population, lev-
els. Efficacious vaccines reduce or prevent clinical signs without 
necessarily preventing virus replication. They may also increase 
the dose of virus needed to establish an infection and/or reduce 
the level and duration of virus shedding following infection. Vac-
cine effectiveness within a population is a function of its ability 
to reduce virus transmission. Transmission is best described 
by the reproductive ratio, R, which is defined as the average 
number of new infections caused by one infectious individual. 
By helping to reduce the R-value below 1, vaccination can be 
an effective adjunct in abbreviating an outbreak. Nevertheless, 
vaccination can also complicate serological surveillance activi-
ties that follow eradication, if the antibody response induced 
by vaccination is indistinguishable from that which follows in-
fection. This disadvantage can be overcome by the use of DIVA 
vaccines and their companion diagnostic tests [1,2].

The term DIVA (differentiating infected from vaccinated indi-
viduals) was coined in 1999 van Oirschot of the Central Veteri-
nary Institute, in the Netherlands [3]. It is now generally used as 
an acronym for differentiating infected from vaccinated animals. 
The term was originally applied to the use of marker vaccines, 
which are based on deletion mutants of wild-type microbes, 
in conjunction with a differentiating diagnostic test. The DIVA 
strategy has been extended to include subunit and killed whole-
virus vaccines. This system makes possible the mass vaccination 
of a susceptible animal population without compromising the 
serological identification of convalescent individuals. The DIVA 
approach has been applied successfully to pseudo rabies and 
avian influenza eradication, and has been proposed for use in 
foot-and-mouth disease and classical swine fever eradication 
campaigns [4].
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This document provides a short review on the design and use 
of DIVA tests to differentiate between vaccinated and infected 
animals and also its impact on disease control and eradication. 

Principle of Diva Test

The general DIVA principle is that antibody response pro-
duced by vaccination can be differentiated from the antibody 
response elicited by natural infection (e.g. a modified wild type 
virus with a gene deletion resulting in the absence of a particu-
lar diagnostic antigen). It can be live or killed vaccines. The DIVA 
immune response can be detected by companion diagnostic 
tests such as enzyme linked immunosorbent assay. Companion 
serology based tests rely on seroconversion, and upon exposure 
to wild type virus the antibody response to DIVA vaccines will 
be masked by that of the wild type virus [5]. More recently, the 
use of genetic DIVA has been introduced, which is based on 
identifying genetic differences between live vaccines and the 
field viruses.

The ability to identify and selectively delete genes from a 
pathogen has allowed the development of “marker vaccines” 
that, combined with suitable diagnostic assays, allow Differenti-
ating Infected from Vaccinated Animals (DIVA) by differentiation 
of antibody responses induced by the vaccine (no antibodies 
generated to deleted genes) from those induced during infec-
tion with the wild-type virus. Such DIVA vaccines and their com-
panion diagnostic tests are now available or in development 
for several diseases including Infectious Bovine Rhinotracheitis 
(IBR), pseudorabies, Classical Swine Fever (CSF), and FMD.

A marker vaccine can be either positive or negative in that 
it can include antigens not found in the wild-type virus, which 
would be a positive-marker vaccine, or it can contain fewer an-
tigens than the wild-type virus and would be a negative-marker 
vaccine. In either case, a companion diagnostic test needs to be 
available to allow the differentiation of the vaccinated animal to 
the naturally infected animal [6].

Figure 1: Scheme of the immune response that can be used to dif-
ferentiate vaccinated and natural infected animals (Source: 7)

The main advantage of DIVA vaccines and their compan-
ions test is the possibility to distinguish between infected and 
vaccinated animals. Therefore, special restrictions, which are 
necessary for infected animals, can be loosened for vaccinated 
animals [8].

Diva Designing and Development Strategies

The DIVA strategy has been extended to include subunit 
and killed whole-virus vaccines. This system makes possible 
the mass vaccination of a susceptible animal population with-
out compromising the serological identification of convalescent 
individuals. The DIVA approach has been applied successfully 
to pseudorabies and avian influenza eradication, and has been 
proposed for use in foot-and-mouth disease and classical swine 
fever eradication campaigns [9].

Suitable and simple tests for differentiating vaccinated ani-
mals from infected are required for DIVA designing. The simple 
test has to be defined to differentiate vaccine strain from field 
strain. Although mucosal route is the best and most warranted, 
one study is required to prove that which of the route gives best 
protection against natural way of infection. Suitable dosages 
defined in terms of colony forming units (cfu) per dose have to 
be determined. Live vaccines require a bit of nutrient to support 
the life and side by side there is need to keep the cfu at constant 
level therefore live vaccines need a suitable excipient when the 
vaccine is not a freeze dried one and when it is freeze dried it 
need a suitable freeze drying and re- suspension medium to be 
chosen after experimentation [7].

There are a number of different DIVA systems currently avail-
able or in the process of development and validation. One type 
is Heterologous Nuraminidase type DIVA. It is a DIVA strategy 
based on the use of an inactivated oil-emulsion vaccine contain-
ing the same Hemaglutinin subtype as the challenge virus, but 
a different NA [10]. 

Four different serologic tests have been described for the 
hNA DIVA strategy including the indirect immunofluorescent 
antibody test (iIFAT), a standard Neuraminidase Inhibition (NI) 
test, a modified NI test, and the ELISA test. For both the stan-
dard and modified NI tests, because they measure the reduc-
tion of NA activity they are designed to be used with any NA 
subtype. However, because of antigenic variation and the diffi-
culty in running large numbers of samples with either test, both 
tests are used only experimentally, with little chance that they 
could be adapted to be a rapid, sensitive, and inexpensive test 
that can test large numbers of samples [11].

Another one is Non-structural 1 protein DIVA, a promising 
system based on the detection of antibodies against a specific 
antigen, the NS1 protein of AI, has been deemed a good DIVA 
candidate. The NS1 protein is synthesized in large amounts in 
infected cells but is not incorporated into the mature virions, 
and for this reason represents the ideal candidate to elicit a spe-
cific immune response [12]. 

It may be possible to differentiate the epitopes that induce 
antibodies in vaccinated and infected animals. Luminex is a flo-
rescence microsphere immunoassay technology where micro-
spheres can be coupled with different antigens and the profile 
of antibodies can be assessed [6].
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Figure 2: The principle of using Non-Structural Protein (NSPs) tests 
to differentiate between vaccinated and infected animals. Both 
structural (SP) and NSP antigens induce the production of antibod-
ies in infected animals. In contrast, vaccinated animals that have 
not been exposed to replicating virus will only develop antibodies 
to the viral capsid antigens (Source: 13)

In endemic setting, NSP tests can be used to support sero-
surveillance exercises that assess the prevalence of infection in 
livestock and wildlife, especially where the results for SP tests 
might be complicate by the presence of vaccine-induced anti-
bodies. When used for ruminants, a limitation of these tests is 
that they are unable to distinguish between convalescent and 
carrier animals [13].

Vaccine DIVA functionality is often limited to large viruses 
with increased potential for gene deletion and removal of re-
dundant expressed antigens. Therefore, for viruses with small 
genomes such as paramyxoviruses where gene deletion of neu-
tralizing antigens may reduce vaccine efficacy, alternative ap-
proaches are required to provide DIVA functionality [14].

One approach is to design molecular DIVA vaccines that con-
tain a marker nucleotide sequence differing from the wild type 
virus that can be employed in combination with PCR-based mo-
lecular diagnostics to differentiate between vaccine and wild 
virus strains. Successful differentiation of vaccinated from non-
vaccinated animals using this technique requires concurrent 
vaccination and infection, with a narrow diagnostic window 
post-infection for detection of DIVA vaccine and viral genetic 
material. Furthermore, detection of vaccine genetic material 
only demonstrates exposure to the vaccine and not the suc-
cessful generation of immune protection, limiting functionality 
in assessment of herd level immunity [5].

A potential approach that can meet these needs is based 
on the application of metabolomics to identify metabolites 
or ‘small molecules’ in biological samples that are signatures 
that correlate or provide some evidence of immune protection. 
These metabolites are often the end stage products of biologi-
cal processes and therefore provide an accurate representation 
of an organism’s homeostatic status at time of sampling. Me-
tabolomic analysis of bio-fluids has provided new insights to the 
understanding of the patho-physiological processes involved in 
disease establishment, development and diagnosis [15].

Use of Diva Vaccines for Disease Control and Eradication

In order to achieve the goal of eradication, DIVA vaccination 
strategies have been recommended and must be implemented. 
These systems, coupled with an appropriate monitoring system, 
enable the detection of field exposure in vaccinated flocks, and 
through this, infected flocks may be properly managed. There 

are a number of different DIVA systems currently available or in 
the process of development and validation [9].

Emergency vaccination using DIVA vaccines could be one 
control tool for disease outbreaks in densely populated live-
stock areas. DIVA vaccination might limit the number of culled 
animals in the process of disease eradication, thereby enhanc-
ing public acceptance for disease control measures and limit-
ing economic damage. In contrast to conventional vaccination, 
DIVA vaccination should always be used as protective vaccina-
tion meaning that vaccinated animals are kept to the end of a 
normal production cycle and their meat eventually marketed 
[16].

The prophylactic use of vaccines against exotic viral infec-
tions in production animals was exclusively carried out in re-
gions where the disease concerned was endemic. The DIVA vac-
cines allows for vaccination while still retaining the possibility of 
serological surveillance for the presence of infection [17].

IBR, caused by Bovine Herpesvirus type 1 (BHV-1) infection of 
cattle, and pseudorabies (Aujeszky's disease) in pigs have been 
identified internationally as being candidates for eradication 
from national herds, and so there has been an impetus for the 
development of DIVA vaccines and diagnostics. The demand for 
a marker (DIVA) vaccine for IBR in Europe was met by the devel-
opment of a glycoprotein E (gE)-deleted vaccine using conven-
tional methodology [18,19]. The gE protein is not essential for 
viral replication, but it plays a major role in intercellular spread, 
particularly along nerves. Specific diagnostic tests based on gE 
deletion have been developed using both gE-blocking Enzyme-
Linked Immunosorbent Assay (ELISA) techniques and PCR am-
plification [20].

Deletion of the gE gene has also been used to enable a DIVA 
approach for an Aujeszky's disease vaccine [21]. The gene for 
thymidine kinase is also deleted in some formulations (e.g., Su-
vaxyn Aujesky), adding to the degree of attenuation [22].

Available Diva Vaccines for Farm Animals

DIVA vaccines were first used for the eradication of pseudo-
rabies (Aujeszky disease) in pigs. Most of them are based on re-
combinant deletion mutants lack the gE envelope glycoprotein 
and thymidine kinase genes. The accompanying tests score pigs 
as seropositive for gE antibodies. DIVA vaccines against Infec-
tious Bovine Rhinotracheitis (IBR) of cattle caused by the Bovine 
Herpesvirus 1 (BHV-1) work on a similar principle [23].

Successful DIVA technologies has been developed for ani-
mal vaccines like bovine rhinotracheitis (IBR), pseudo rabies, 
Classical Swine Fever (CSF) etc [24]. Strategies for developing 
DIVA based vaccines for other diseases like bovine tuberculosis 
[25,26], avian influenza [27], PPR [28] and bluetongue virus [29] 
are also under development. 

Currently available Foot-and-Mouth Disease (FMD) vaccines 
are prepared from purified and chemically inactivated whole vi-
rus particles. The Non-Structural Proteins (NSP) were separated 
from virus particles. Serological assays detecting antibodies 
against NSP can therefore differentiate between infected and 
vaccinated animals [11].

Serological tests are widely used to monitor the immune 
status of animals exposed to infectious diseases. In contrast to 
SP tests such as the SPCE (Solid-Phase Completion ELISA), LPBE 
or VNT (Virus Neutralization Test), NSP ELISAs are not serotype 
specific and can therefore be used as generic screening tools. 
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Therefore, in addition to their use to detect virus circulation in 
vaccinated livestock population, these tests are also used more 
generally for serological investigation, even when emergency 
vaccination is not practiced [17].

Currently, scientific research is in progress against many in-
fectious diseases, such as, Salmonella infections in pigs, avian 
influenza, classical swine fever and Actinobacillus pleuropneu-
moniae [30,5].

Conclusion and Recommendation

Recently, the interest in DIVA vaccination has increased con-
siderably. This is because of a greater understanding of how this 
technology can assist in disease control efforts and achieved by 
intensively vaccinating susceptible populations followed by its 
monitoring by the companion diagnostic test with the removal 
of the infected animals from the population. In absence of DIVA 
technology, vaccination programs cannot be implemented at 
national scale, as vaccinations often elicit immune responses in-
distinguishable from those generated by pathogens using stan-
dard test regimens. Although considerable progress has been 
made to evaluate which different DIVA strategies are most likely 
to be applicable in the field, considerably more work needs 
to be done. All the proposed DIVA strategies still have serious 
limitations that have prevented them from in the routine use. 
Therefore, additional development and validation of such a test 
be carried out on global scale, including longitudinal studies, to 
understand how quickly antibody can be detected and how long 
it persists, with many laboratories working in conjunction with 
one another. More data need to be gathered to understand the 
parameters that will affect our surveillance policies. So an ef-
fective strategy can be developed for combating the worldwide 
spread of various animal diseases.
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