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ABSTRACT

The dynamism observed in the area of veterinary vaccinology needs to be monitored by the biopharmaceutical industry,
thus, to anticipate to the possible changes and take actions that allow it to adapt to the future scenario. On this basis,
a study was performed to assess the current status, trends, scientific and technological projections in the production
of veterinary vaccines. To this end, a topic search was done on vaccines for poultry, cattle, pigs, rabbits, horses, fish
and dogs, in the Scopus database from 2008 to 2012 and further contextualized to early 2014. It was found that
veterinary vaccinology is a booming field, with the highest growth in the year 2011 with 18.05 % compared to 2008.
As such, the US and China are leading this issue, having a major scientific interest in protein antigens, adjuvants
and viral vaccines produced with conventional technologies. The most attended species are birds, pigs and cattle,
the first species with 15.21 % of all publications. We conclude that the dominance of the classical vaccine production
technologies will continue despite the advances in genetic engineering and biotechnology. Vaccines produced with
modern technologies seem to be, at least for now, less affordable for the producer, and therefore impractical. Simi-
larly, the next few years will be very important for the development and registration of new vaccines obtained by
DIVA technology and their diagnostic systems.
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RESUMEN

Estado actual sobre la produccién de vacunas veterinarias, tendencias y proyecciones. El dinamismo ob-
servado en el drea de la vacunologia veterinaria requiere ser monitoreado por la industria biofarmacéutica, para
de esta forma anticiparse a los posibles cambios y tomar acciones que le permita adaptarse al escenario futuro.
Sobre esa base se realizé un estudio con el objetivo de evaluar el estado actual, tendencias y proyecciones cientifico-
tecnolégicas en la produccién de vacunas veterinarias. A tal efecto se efectué una busqueda temética en la base
de datos Scopus sobre vacunas destinadas a aves, bovinos, cerdos, conejos, equinos, peces y perros, limitada al
periodo 2008-2012 y se contextualizé hasta principios de 2014. Se comprobé que la vacunologia veterinaria es un
campo temdtico en plena expansién, siendo el afo 2011 el de mayor crecimiento con un 18.05 % con respecto al
2008. En tal sentido Estados Unidos y China lideran esta temética, existiendo un interés cientifico mayoritario por los
antigenos proteicos, adyuvantes y vacunas virales producidas con tecnologias cldasicas. Las especies mas atendidas
son las aves, porcinos y bovinos, sobresaliendo la primera especie con el 15.21 % de todas las publicaciones. Se
concluye que continuara el dominio de las tecnologias clésicas de produccién de vacunas a pesar de los adelantos
en materia de ingenieria genética y biotecnologia. Las vacunas producidas con tecnologias modernas parecen ser, al
menos por ahora, poco asequibles algunos productores, y por tanto, poco practicas. De igual manera los préximos
afos seran muy importantes para el desarrollo y el registro de nuevas vacunas obtenidas por tecnologia DIVA y sus
respectivos sistemas de diagnéstico.

Palabras clave: vacunas veterinarias, vacunacién, tecnologia de produccién, adyuvantes

Introduction

Veterinary vaccines are biological preparations de-
signed from infectious agents and aimed at developing
a protective immunological response against them in
healthy animals once administered. These formula-
tions resemble the pathogen’s natural infection but do
not develop the disease, mounting a protective, effec-
tive and long-lasting immune response. From that mo-
ment on, the vaccinated organism not only survives to
a second contact with the agent, but also breaks the
transmission chain. For these reasons, vaccination has

been considered one of the most efficacious sanitary
measures to prevent, control and eradicate infectious
diseases in domestic and wild-life animals, and one of
the factors available to face the increasing demand for
food supplies and food dependency [1].

Nevertheless, the epidemiological situation can-
not be solved only through vaccination, but comple-
menting it with sanitary measures such as: outbreak
containment, control of animal transportation and bio-
safety measures, among others.

1. Pastoret PP. Role of vaccination in
animal health. Bull Acad Natl Med.
2012;196(3):589-90, 619-20.
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There are several classification criteria for vaccines
attending to its administration route, composition,
target biological agent, the technology for its produc-
tion, and others. Since the technological point of view,
there are two main types: classical vaccines and mod-
ern vaccines (Table 1) [2].

The ‘One health’ concept has made difficult to
establish differences between human and veterinary
vaccines, as certainly are. Similarities arise from
the shared properties of the immune systems in both
types of organisms: highly specific immune respons-
es and immunological memory. This convergence fa-
vors that most of the knowledge and current results
on human vaccines obtained in animal models could
be subsequently applied in veterinary vaccines manu-
facturing [3].

The cost-benefit balance both for the farmer and
the industry arises as the paramount factor determin-
ing the manufacture and practical use of veterinary
vaccines compared to vaccines designed for human
use. It is so remarkable that makes irrelevant con-
siderations regarding the etiological agent to be con-
trolled or the target animal species to be protected.
Therefore, it determines in the clinical practice that
vaccines with low production costs not only decrease
zoosanitary complications, and productivity and cost
limitations, but also, and significantly, producers can
afford it [4].

All these properties have fostered the search for
new knowledge on animal immunology, microbiol-
ogy, vaccine production technologies, together with
the development of new animal models for human
diseases and the recent vertiginous increase on veteri-
nary vaccinology. However, such dynamism requires
to be monitored by the veterinary vaccines industry. In
this work some of the trends observed in the scientific
literature for vaccine research, development and pro-
duction worldwide in the last five years are provided.

Global focus on current developments

The most recent scientific information flow has to be
properly covered to identify the probable behavior
of the scientific field in short term (5-10 years). For
that purpose, a topic search was made in the Scopus
database on vaccines about poultry, cattle, swine,
rabbit, horse, fish and dogs, from 2008 to 2012. The
title, abstract and keywords bibliographic fields were
searched for the most relevant technological- and
infectious agent-specific terms. The search strategy
included the most common denominative terms for
each species: poultry (bird, avian, pigeon, poultry),
cattle (cattle, calf, bovine, cow), pig (pig, hog, swine,
porcine), horse (horse, equine), fish (fish), dogs (dog,
canine) and rabbits (rabbit).

A detailed analysis of the articles retrieved on vac-
cine production for these species, vaccine technologies

Table 1. Advantages and disadvantages of veterinary vaccine production technologies

Production Vaccine type Advantages Disadvantages
technology
Classical Attenuated vaccines Low antigen number Lower stability
(mono or polyvalent) Higher levels of immune response Low safety
Long-lasting protection Reactogenicity
Lower dose Complex manufacturing
Widely used Viral excretion
Inactivated vaccines Safer Weak immune responses
(mono or polyvalent) More stable High antigen number
Widely used Require adjuvants
Simple manufacturing Require boosting
Subunit vaccines Lower reacfogeTcﬂy Wec?k |mmfme responses
Increased stability High antigen number
Widely used Require adjuvants
Easy to improve Require boosting
Modern DNA vaccines Cellular responses Weak antibody responses

Synthetic peptides
vaccines

Genetically-attenuated
vaccines

Recombinant
vaccines

Memory responses
Safe
Stable

Do not use organisms
Selected components
Easy to improve
No need for inactivation

Native colonization
and multiplication capacity

Antibody responses
Very safe

Expensive
Recent introduction
Potential DNA integration

Expensive
Complex manufacturing

Non-identical spatial conformation

Poor immune responses
Recent introduction

Natural recombination

Recent introduction

Recent introduction
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and specific pathogens supported the view on the
novelty of the information and the vertiginous expan-
sion of the veterinary vaccine field of research. In this
sense, there was a steady increase in the articles pub-
lished from 2008 to 2012, representing an 18.05 % of
increase in 2011 compared to 2008 for all the species,
but in rabbits, which decreased in 2010 to its lowest
point (47.30 %).

It could be inferred from the data that there was a
disproportionate research attention worldwide to the
species under study (Figure 1). Approximately 34 %
of the articles indexed in Scopus versed on poultry,
pigs and cattle vaccines, species comprising economi-
cally relevant animals, with 15.21 % of the articles
on poultry.

This behavior was closely influenced by the mor-
bimortality of some diseases during the period, and
by the relative relevance of some of these species for
human consumption, particularly meat and its deriva-
tives (Figure 2). In this regard, there were also some
significant emergent zoonotic diseases of potential
human transmission. Poultry was an example of that
scenario, where both factors converged, providing the
highest numbers of vaccine studies, particularly in
broiler chickens, laying hens, turkeys and ducks.

Remarkably, poultry accounted for up to 28 % of
the worldwide meat supply for consumption, as com-
pared to swine and cattle (34 % and 20 %, respec-
tively). Derivatives from these animal species has to
be also considered, such as whole milk (78 %) and
eggs (14 %).

These figures may explain the fact that the leading
countries of the meat and egg production and export
industry were the ones providing the largest scientific
production as determined. The main contribution for
the seven species under study was made by research-
ers from US and China universities, and articles on
poultry, swine and cattle vaccines predominated. Par-
ticularly in fish vaccines, China got ahead of US, and
both together with South Korea and India dominated
this area. This could be explained by the role of fish
for traditional diet in these countries and also its eco-
nomic relevance.
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Figure 1. Distribution of articles published on veterinary vac-
cines in journals indexed in Scopus from 2008 to 2012, by
species and infectious agent.
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Similarly, the production on viral vaccines almost
doubled that on bacterial vaccines, except for aqua-
culture. This last could be explained by the fact that
most bacteria pathogenic for fish can be isolated both
in salt and fresh water and display a wide host range,
including man. That is the case of Edwardsiella tarda,
Streptococcus iniae, Aeromonas hydrophila, Lacto-
coccus garvieae, Vibrio harveyi and V. anguillarum.
Those bacteria are being targeted by monovalent and
bivalent vaccines under research or development, and
mostly but not exclusively by classical vaccine pro-
duction technologies [5-8].

The disproportionate scientific production on vi-
ral versus bacterial veterinary vaccines can also be
related to the availability of therapeutic alternatives
affordable to producers, and to the numerous efforts
on optimizing the use of antibacterial chemotherapy.
Undoubtedly, another factor influencing the higher
production on viral veterinary vaccines in this period
was the numerous highly- or mildly-pathogenic iso-
lates of the influenza virus emerging since 2003 [9].
The fast geographic spread of this virus isolates and
their easiness to cross the interspecies barrier pro-
voked complex epidemiological situations in many
countries in Asia, Europe, Africa and the American
continent. That situation consequently impacted with
a 29 % increase in research and 15 % in publications
on veterinary vaccines against influenza. Notewor-
thy, the articles on influenza related to humans, flying
mammals, animals in captivity, wildlife birds (aquat-
ic, fresh water, marine, marshes, swamps, predatory,
migratory or from urban areas), were excluded from
the current analysis.

The abovementioned increase resulted from sev-
eral factors, such as: the large number of susceptible
economically relevant species, the genetic instabil-
ity of the infectious agent (mainly genetic mutation
and recombination), and the vaccination strategies
for disease control. Major topics comprised the use
of antigens from several subtypes to generate classic
vaccines mostly, vaccine testing in target animals, and
vaccine adjuvant formulations [10].

Either bacterial or viral in origin, the infecto-
contagious diseases targeted for the development of
preventive, effective and safe protection cause co-
lossal losses and increase restrictions to the interna-
tional trade of animal meat, eggs and other deriva-
tives as leather.
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Figure 2. World food consumption of animal origin foods
and derivatives, reported in 2012. Source: FAOESTAR. FAO,
Statistics Direction, 2012.
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Those agents have in common:

1. There are no treatments available and, when an
outbreak occurs, it is difficult to contain and costly its
eradication (sacrifice);

2. They decrease productivity, animal growth and
daily weight gain in susceptible animals;

3. Cause reproductive failures;

4. Induce high mortality;

5. Increase production costs, due to the high cost of
resources for their screening, treatment and control;
6. Strict international restrictions are imposed to the
trade of meat and derivatives immediately upon diag-
nosis; and

7. They affect several countries and species at a
time, involving domestic, captive and wild species,
even man.

Co-occurrence analyses of specific topic terms al-
lowed to confirm that the field of veterinary vaccines
is composed of complex and highly interconnected
knowledge clusters (Figure 3). Protein, virus and ad-
juvants were the key terms identified as central topics.

Their centrality, together with their interconnec-
tions, indicated that much of the original results pub-
lished in the period 2008-2012 were mostly but not
exclusively on obtaining new protein and peptidic vi-
ral antigens by different methods, the characterization
of the generated immune responses in target species
and animal models (poultry, swine and bovine), and
particularly viral vaccine strains and new adjuvants.

In this last, there was increased interest to find
new and better adjuvants, cheaper, more stable and

safe, and able to stimulate both the humoral and cel-
lular branches of the immune response, to reduce the
administered antigen dose and the number of boosts
required to develop a protective response. Another in-
centive fostering the research in this area is the ability
of these compounds to be included as part of vaccine
formulations to be delivered by mucosal route, partic-
ularly against diseases transmitted by this route.

Montanide adjuvants are among those being ac-
tively investigated during the period, in poultry, pigs
and bovines [11]. Nevertheless, its equivalence or
superiority compared to alum hydroxide gels still re-
mains to be demonstrated in clinical practice, together
with its approval for commercial use.

All these suggest that, first, classical technologies
for vaccine production are well established for vet-
erinary vaccines research and development. Second,
that there are huge efforts ongoing to improve vaccine
formulations elaborated with classical technologies,
to adapt them to the emergent epidemiological situa-
tions and to favor their compliance with the ultimate
goal of any vaccination against an infectious disease:
the long lasting resistance against infection. And
third, the entanglement of a coordinated international
framework to keep vaccination as the short- and long-
term best choice for the control of infectious diseases.

In the same direction, a new technology was de-
veloped combining benefits from classic and modern
vaccine technologies: DIVA (differentiating infected
from vaccinated animals). There are few products
available based on this technology, but they have
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Figure 3. Topic relationships in the field of veterinary vaccines, attending to animal species, infectious agents and technolo-
gies. The diagram was obtained from the title, abstract and keywords of bibliographic records of articles published from 2008
to 2012, retrieved from the Scopus database. The figure was generated with the VOSviewer software, version 14.0, 2011. A
color distinguishes each domain; the size of each node is proportional to the frequency of the term; and the shorter connection
between nodes, the tighter co-occurrence of terms in the analysis unit.
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demonstrated to solve a remarkable issue of classi-
cal vaccines: the induction through vaccination of a
distinctive immune response different from that pro-
duced by the wild strain in the target animal. DIVA
also provides as additional advantage the plasticity to
build a vaccine by any of three possible strategies:

1. Negative marker or deletion vaccine: based on
the absence of specific antigen epitopes present in the
wild type virus.

2. Extrinsic positive marker: by including in the vac-
cine an immunodominant epitope different from that
of the infectious agent.

3. Intrinsic positive marker: by forming an epitope
from the wild type virus that induces different anti-
body patterns.

A particular advantage of DIVA technology resides
in the diagnostic test included with the vaccine, of
high specificity and sensitivity, and able to differenti-
ate natural from vaccine antibody responses in sera,
plasma, mucosal secretions and milk samples. This
eliminates the urgent need of sacrificing large animal
populations suspected to be infected, provides an ef-
fective way for fast outbreak detection by massive
screening, and shortens the time required to declare
the outbreak as controlled and demonstrate the lack of
infection [12]. All these reasons make of DIVA tech-
nology a major unprecedented achievement in veteri-
nary vaccinology of profound ethical, environmental
and social implications for the animal well-being and
global food safety.

Other differentiating aspects of this technology in
respect to classical and modern vaccine technologies
at the time of this work were: the absence of stud-
ies using it to prevent bacterial diseases or targeting
diseases in poultry, the easiness of using the vaccine
and its diagnostic test in countries where the target
disease is non-endemic, and the large pharmaceutical
companies worldwide as the leaders in research and
development of this type of vaccines in detriment of
research institutes and universities (Table 2). Among
the most significant producers are: Merck Animal
Health (USA), Bayer Schering AG (Germany), Pfizer
Animal Health (USA), Boehringer Ingelheim Animal
Health GmbH (Germany) and Merial Limited (USA).
This differentiating aspect could be speeding up the
introduction of DIVA products in the clinical practice,
both the vaccines and the diagnostic tests. There is one
exception, with the National Institute for Agricultural
Technology (INTA) in Argentina, a government insti-
tution which owns the patent of the HVB-1gE labeled
vaccine against the bovine herpesvirus type 1, the
etiological agent of the infectious bovine rhinotrache-
itis, the infectious pustular vulvovaginitis and the in-
fectious pustular balanoposthitis, all of them affecting
bovine at any age, either wild or domestic.

Poultry viral vaccines

The broiler chicken was the model receiving the major
research focus, followed by laying hens and turkeys.
Similarly, most publications were about Marek’s,
Newcastle and Gumboro diseases and the avian in-
fectious bronchitis. Vaccines against these diseases
were produced by using classical technologies, which
have been essential for control programs and to pre-
vent outbreaks worldwide. The vaccine formulations
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Table 2. Leading companies and their main products
fied in the period 2008-2012

based on DIVA technology, identi-

Company Product Disease or diagnosis
Merck Porcilis® AD Begonia Aujeszky’s disease
Porcilis® Pesti Classical swine fever
Bovilis® IBR Marker Inac. Infectious bovine rhinotracheitis
Bayer Bayovac® IBR- Marker vivum Infectious bovine rhinotracheitis
Bayovac® IBR — Marker inactivum
Pfizer Rispoval® IBR-Marker inactivatum Infectious bovine rhinotracheitis

Svanovir® FMDV 3ABC-Ab
Ingelvac® Aujeszky MLV
Svanovir® PRVgE-Ab

Boehringer Ingelheim

Merial CEDIVAC®-FMD

Ceditest® FMDV-NS ELISA

Foot and mouth disease
Aujeszky’s disease
Aujeszky disease diagnosis

Foot and mouth disease
Foot and mouth disease

were developed mostly to be orally administered, by
injection or in ovo. This last vaccination modality has
several advantages, including the development of an
early immune response and supports the automation
of the vaccination campaign, decreasing the human
error and also the need for labor force [13-17].

Otherwise, the weaknesses of these vaccine formu-
lations vary according to the model. Marek’s disease
vaccines are produced by cell culture technologies,
are expensive and require careful handling and ad-
ministration procedures, in spite of been efficacious
(95 % of protection) even in the presence of mater-
nal antibodies, safe, stable and inducing long lasting
immunity. Another example, the Newcastle disease
vaccines produced by the live virus technology, could
interfere with the action of other vaccines against re-
spiratory diseases, particularly those against the infec-
tious bronchitis. When these two vaccines are jointly
administered, they compete for the same receptors at
the trachea, therefore, affecting the development of
immunity. This is very hard to solve in broiler chick-
ens, due to their shorter lifespan [14]. In the case of
Gumboro disease, current vaccine formulations based
on the strain 2512 effectively protected the animals
from clinical symptoms, but they cause bursal dam-
age due to viral replication in the bursa of Fabricius
[15, 16].

The abomentioned problems of classical vaccine
technologies, together with their interferences in di-
agnosis and the new developments in molecular biol-
ogy techniques, fostered new lines of research. Some
of them comprised the genomics and proteomics of
emergent strains of variable degree of virulence, and
new vaccination strategies. There were also attempts
to generate DNA vaccines, vector-based and geneti-
cally attenuated vaccines, and vaccines encapsulated
in nanoparticles, but still having a long way to go until
its approval by regulatory authorities [13, 14, 16-21].
Nevertheless, none of the new options has achieved
the protection conferred by conventional vaccines
against the Marek’s disease. By the contrary, recom-
binant vaccines (for example, against Newcastle and
Gumboro diseases) seem to have overcome the dis-
advantages of classical vaccines and have neither
caused collateral damage nor interfered with other
vaccines or maternal antibodies [19, 20].

Biotecnologia Aplicada 2014; Vol.31, No.3

12.von Rosen T, Rangelova D, Nielsen
J, Rasmussen TB, Uttenthal A. DIVA
vaccine properties of the live chimeric
pestivirus strain CP7_E2gif. Vet Microbiol.
2014;170(3-4):224-31.

13.Biggs PM, Nair V. The long view:
40 years of Marek's disease research
and Avian Pathology. Avian Pathol.
2012;41(1):3-9.

14. Alexander DJ, Aldous EW, Fuller CM.
The long view: a selective review of 40
years of Newcastle disease research. Avian
Pathol. 2012;41(4):329-35.

15.Leén N, Icochea E, Gonzalez R, Perales
R. Nivel de proteccién de una vacuna inter-
media contra la enfermedad de Gumboro
en aves de postura. Rev Investig Vet Pero.
2012;23(4):477-83.

16.Mahgoub HA, Bailey M, Kaiser P An
overview of infectious bursal disease. Arch
Virol. 2012;157(11):2047-57.

17.Cook JK, Jackwood M, Jones RC. The
long view: 40 years of infectious bronchitis
research. Avian Pathol. 2012;41(3):239-
50.

18.Zhang X, Wu Y, Huang Y, Liu X. Protec-
tion conferred by a recombinant Marek's
disease virus that expresses the spike
protein from infectious bronchitis virus
in specific pathogen-free chicken. Virol J.
2012;9:85-91.

19.Zhao K, Chen G, Shi XM, Gao TT, Li
W, Zhao Y, et al. Preparation and efficacy
of a live newcastle disease virus vaccine
encapsulated in chitosan nanoparticles.
PLoS One. 2012;7(12):e53314.

20. Perozo F, Villegas P Mavérez Y, Fernan-
dez R, Cruz J. Eficacia de un herpesvirus
de pavo recombinante expresando la
proteina vp2 del virus de la enfermedad
de Gumboro ante un desafio experimental.
Rev Cient 2010;20(2):132-7.

21.Britton P, Armesto M, Cavanagh D,
Keep S. Modification of the avian co-
ronavirus infectious bronchitis virus for
vaccine development. Bioeng Bugs.
2012;3(2):114-9.



Anibal Dominguez et al.

Veterinary vaccine production

Porcine viral vaccines

Regarding porcine vaccines, major efforts worldwide
were intended to control the porcine reproductive and
respiratory syndrome, circoviruses and the classical
swine fever, with classical vaccine technologies as the
most prominent for commercial vaccine production.
This type of vaccines has been recognized as a key
factor for the success over a decade of the control pro-
grams in swine industry worldwide [22-25].

Major inconveniences of classical vaccines against
swine viral diseases are technology-related. A particu-
lar case comprises inactivated and live-attenuated vac-
cines available against the porcine reproductive and
respiratory syndrome virus. Inactivated vaccines seem
to be inadequate in pregnant animals and boars, in the
last due to the potential elimination of the vaccine vi-
rus through semen. Live-attenuated viruses can persist
after vaccination and could be transmitted to unvac-
cinated animals, causing future outbreaks, as docu-
mented. Moreover, as the case of live-attenuated vac-
cines against the classical swine fever, sick animals are
impossible to be serologically distinguished from the
vaccinated animals, the vaccine generates a teratogen-
ic effect and the vaccine viral strain also continue to
circulate among the vaccinated swine population [26].

Such limitations have being exacerbated in recent
years with the intensification of the swine indus-
try, with important changes in the virulence, clinical
manifestations and pathogenesis of many infectious
agents. This complex situation has been promoted by
the pathogen’s genetic variations, modifications in the
microbial ecology of production farms, the simulta-
neous occurrence of infections and the outcome of
atypical and unnoticed variants of the diseases [26].
In this complex context there are ongoing efforts to
develop molecular techniques that would result in
new generations of safer and more effective prophy-
lactic vaccines, able to be used in emergent vaccina-
tion campaigns.

This complex scenario has been confronted by a
set of strategies, particularly against the porcine re-
productive and respiratory syndrome, with promis-
ing preclinical satisfactory results (immunogenicity
and immunological protection) using a DNA vaccine
that expresses the gp3 and gp5 glycoproteins of the
virus genotype I [27]. Regarding the control of clas-
sical swine fever in susceptible populations, several
candidates have been developed during the last 15
years against it. They include: recombinant deletion
chimeric vaccines, DNA vaccines, subunit vaccines
and vector-based, among others. Many of them did
not comply with the requirements of regulatory agen-
cies upon its evaluation, in spite of inducing potent
immune responses. Most of the efforts continue tar-
geting the E2 glycoprotein as the main immunogen of
this virus and a critical component of DIVA vaccines
[28-30].

Circovirus vaccines has been fueled-up by the suc-
cessful experimental results using subunit vaccines
based on serotype 2 and chimeric vaccines formulated
from the 1-2a serotype, being intramuscularly and
orally administered [31, 32]. In the case of the por-
cine reproductive and respiratory syndrome, promis-
ing results were obtained by using recombinant vac-
cines, DNA vaccines and subunit vaccines produced
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in vegetables with the additional advantage of been
administered by mucosal route [33, 34]. In spite of
such advances against this disease, the quest for a bet-
ter vaccine is still ongoing, as required to decrease
the infection by the PCV2 virus to undetectable levels
once after interrupting vaccination.

The Aujeszky’s disease vaccine is worth to be men-
tioned, due to the increasing number of DIVA vaccines
available in the market against this disease and because
of being among the first vaccines of this kind approved
to be used in Europe. This could have resulted from
the virus capacity to infect several mammalian species,
including economically relevant ones (swine, bovine,
rabbits), domestic animals (dogs, cats) and wild spe-
cies (wild boar, foxes, bisons). Most of these vaccines
were developed from the NIA-3 or Bartha-K61 strains,
both of them having the glycoprotein E gene deleted,
supporting the generation of a live-attenuated viral vac-
cine and protecting at the same time against the clinical
symptoms of the disease. This last considerably reduces
the levels of excreted virus, making the vaccine safer
and differentiating vaccinated from infected animals,
all these aspects unachieved by live vaccines [35, 36].

Bovine viral vaccines

The first depicting element of vaccine research in this
species is the high number of studies on anti-tick vac-
cines. This exception comes from the role that hema-
tophagous parasite has as vector to transmit diseases
such as babesiosis and anaplasmosis, in addition to
the direct weakening of the animals and its detrimen-
tal effects on production and causing host animal
death. Other factors influencing this behavior were
the high costs of chemical acaricides, their increased
toxicity for both the animal and the environment and
problems during storage. The scientific interest was
mainly focused on finding and characterizing anti-
genic proteins or cryptic antigens of the digestive
tract of these insects, which could be able to induce
a protective, safe and lost lasting immune response in
vaccinated animals [37-39].

Regarding the most studied viruses, there was a
significant attention worldwide to the foot and mouth
disease virus, the bovine viral diarrhea and the blue-
tongue disease virus. There were recurrent statements
on the effectiveness of inactivated and live-attenuated
vaccines in the different national control programs
enforced for the long-term containment of these dis-
eases [40-45]. Nevertheless, current vaccine formu-
lations bear some weaknesses, such as the coexis-
tence of several viral strains of the foot and mouth
disease virus (serotypes O, A, C, SAT 1, 2 and 3,
Asia 1; comprising more than 60 strains) devoid of
immune response crossreactivity between them. This
comes from the fact that most of those strains com-
prise live-attenuated viruses which use is forbidden
in the countries where they are used, and there are
technical limitations to differentially detect infected
from immunized animals. From 2008 to 2013, signifi-
cant improvements were achieved, particularly on the
knowledge of viral structure and the development of
subunit, DNA and DIVA vaccines, based on SP and
NSP proteins [46-50]. Once again, DIVA was the
most promising development in spite of some incon-
sistencies.
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The bovine diarrhea virus was also investigated,
mainly due to the lack of a standard vaccine but with
several commercial preparations available based on
classical vaccine technologies but with certain limita-
tions. Besides the technically-associated limitations,
the live virus vaccine induces immunosuppression
and is not recommended to be administered to preg-
nant cattle to avoid persistent infections, particularly
in fetuses [51]. The use of non-structural compounds
as part of inactivated vaccines seems to be promising
to solve such inconveniences [52].

The live-attenuated vaccines against bluetongue
disease virus inconveniently cause embryo death and
reabsorption, fetal death and congenital malforma-
tions in the offspring. Their use was rejected in many
countries because they contain several serotypes that
could revert the vaccine viral strain phenotype to a
virulent form and facilitate its subsequent vector-
borne transmission. That’s why the inactivated vac-
cines against this virus usually contain few serotypes,
something that limits their protective spectrum [53].
Such difficulties have fostered the research on safer
and more efficacious vaccines, able to induce cross-
reactive immunity and having differential diagnostic
capacity. Several prototypes were developed, includ-
ing recombinant vaccines, with potential wide-range
crossreactivity among serotypes, but remaining to be
validated in the field [54].

A key point comprises reemergent diseases af-
fecting these species and of growing interest for the
veterinary vaccinology community, as the bovine
infectious rhinotraqueitis, caused by the bovine her-
pesvirus type 1. In this sense, improved attenuated
vaccines were tested, as well as mono or polyvalent
inactivated vaccines and its administration by dif-
ferent routes [55]. Commercially available vaccines
against this virus based on conventional technologies
are widely used in different variants: live-modified or
inactivated virus vaccines, either mono or polyvalent.
Its use depends on the capacity of the given vaccine to
induce immunogenicity, its efficacy to reduce clinical
manifestations of the disease and, consequently, the
economic losses, even with an incomplete protection
from infection. Additionally, live-attenuated vaccines
could induce abortion, and the lifespan persistence of
the vaccine strain in vaccinated animals could lead to
potential reactivation of latent virus after corticoste-
roid immunosuppression and, ultimately, to infection.

Trying to solve those limitations, new vaccine prep-
arations were investigated using new antigens such as
glycoproteins D and E, combined with its delivery by
different routes, one of them a recombinant vaccine
by mucosal route [56], DNA vaccines [57] and DIVA.

Particularly on DIVA, it is worth to mention that
it has become one of the most resourceful techniques
for veterinary disease vaccination and eradication
programs, with its associated serological tests. In
fact, there are several products using this technol-
ogy against the infectious bovine rhinotracheitis virus
type 1 in the market, some of them adjuvanted with
aluminum hydroxide. The most widely accepted strat-
egy to generate DIVA vaccines against this disease
worldwide includes the deletion of the glycoprotein
E gene, differentiating the naturally infected animals
which develop antibodies against this protein from the
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vaccinated ones. The deletion also favors the genera-
tion of live-attenuated vaccines that could be applied
either to economically relevant or wild animals. Simi-
larly, the potential advantage for reexcretion through
nasal secretions of the vaccine strain after boosting
provides it the additional advantage of establishing
herd immunity [58].

Results demonstrated a reduced viral excretion af-
ter boosting and the early induction of immunity after
vaccination by the intranasal route. Nevertheless, re-
cent studies evidenced that the nasal coinfection with
a gE-negative vaccine strain and a wild-type strain
could generate a recombinant viral progeny of lower
virulence in vitro compared to wild-type strains, but
higher than that of the parental strains in vivo. In this
sense, it was confirmed that recombination events
could restore the natural virulence to the gE negative
vaccine strains and limit its application under field
conditions or in areas of widespread circulation of
wild-type strains [59].

The Rift Valley fever disease is another example
of the effectiveness of DIVA technology. This vector-
borne disease similarly affects ruminants and humans,
its causative agent being a class A, non-prioritized
agent, and was classified as reemergent in Africa and
the Middle East [59]. Current inactivated and live-
attenuated vaccines obtained from the MP-12 strains
and clone 13 inconveniently require up to three
boosts, induce abortions, congenital malformations,
hepatotoxicity and necrosis, in spite of been immu-
nogenic and protective in vaccinated animals. Such
inconveniences have forced the research on new vac-
cine candidates that could overcome those limitations
or to provide alternatives [60, 61].

Once again, DIVA seems to be the most advanced
and promising alternative, by the deletion of genes
coding for NSm and NSs proteins. The vaccine in-
duced differentiating immunity in rats and was shown
to be innocuous in pregnant animals, what seems to
comply with the expected requirements. Neverthe-
less, such advances do not represent the single so-
lution to overcome limitations of classical vaccine
technologies. Intense work is ongoing to develop new
formulations using water/oil emulsions as adjuvants,
vectored vaccines using Newcastle disease virus and
poxviruses bearing the Ge and Gn genes coding for
structural glycoproteins, and recombinant and subunit
vaccines [62-65].

Conclusions

The detailed analysis of the articles published from
2008 to 2012 indexed in Scopus provides an overview
of a renovated optimism of veterinary vaccines pro-
duced by classical technologies, in spite of improve-
ments in the field of genetic engineering and biotech-
nology. The sanitary success achieved by classical
technologies vaccines guarantee their predominance
in the market in the near future. Such predictions are
supported by their proved effectiveness and safety,
low costs for research and development, better cost-
benefits ratios and the availability of the production
infrastructure required to face future technological
needs for adjuvants and vaccine antigens.

Moreover, the opportunities provided by recombi-
nant DNA techniques to generate new vaccines seems
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to be either less affordable or practical than required
by producers. This is motivated by the high vaccina-
tion costs and the raise in standards to comply with
regulatory requirements for sanitary registration, due
to their recent introduction.

At the same time, DIVA technology and its re-
lated diagnostic tests will face significant challenges
from development to registration. It is advantageous
compared to other vaccine production technologies
not only by its ability to safely and effectively con-
trol and prevent high incidence diseases, but also to
avoid unnecessary sacrifice of uninfected animals and

to control the reemergence of diseases declared as
eradicated.
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