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ABSTRACT 

Vaccines are an integral part of veterinary disease prevention. However there are still a significant number of veterinary 
diseases for which vaccines do not currently exist or where currently available vaccines do not provide adequate immu- 
nity. Adenoviruses have transitioned from tools for gene replacement therapy to bona fide vaccine delivery vehicles 
because of their ability to elicit potent cell-mediated and humoral responses making them ideal for use against viruses 
and other intracellular pathogens. Adenoviral vector based vaccines are likely to play a significant role in overcoming 
these problems in the future. However, this vector is under utilized in veterinary vaccine development at this time. This 
review focuses on adenoviral vector based vaccines developed to date and explores the potential for veterinary vaccine 
development based upon this platform: advantages and potential disadvantages of this technology are discussed as well 
as the potential for developing efficacious commercial veterinary adenoviral vector based vaccines. 
 
Keywords: Veterinary Vaccines; Adenoviral Vector; Adenoviral Vector Vaccine; Vaccine Vector; Immune Response 

1. Viral Vectors in Vaccine Development 

The term “vaccine” which is from the Latin term “vac- 
ca,” means cow was first coined by Edward Jenner, an 
English doctor in 1796 to describe the inoculation of hu- 
mans with the cowpox virus to confer protection against 
the related human smallpox virus. The history of veteri- 
nary vaccine development starts with the well-known 
story of Louis Pasteur and his rabbit spinal cord vaccine 
and continues to this day with the demonstration of pro- 
tection in animals by rabies virus reverse transcriptase 
DNA plasmid vaccination [1]. 

Depending on the animal groups under consideration, 
the criteria for successful animal or veterinary vaccines 
can be very different from those for human vaccines.  

In most cases, the criteria for companion animal vac- 
cines are similar to those for human vaccines because the 
health and welfare of the individual animal is of primary 
concern. The emphasis of livestock vaccines, on the oth- 
er hand, is to improve overall animal production for the 
primary producers, since this will produce some cost be- 
nefits for the industry. 

Vaccination against zoonotic or food-borne infections 

is aimed at reducing or eliminating the risk for the con- 
sumer and in some cases to improve the productivity of 
the individual animal. Vaccination of wildlife is gener- 
ally considered only with respect to infections that are 
transmittable to humans (zoonotic diseases), although 
welfare concerns are of increasing importance [2,3]. 

Live attenuated vaccines were the first form of vaccine 
and these have been successfully used for many years in 
economically important animal diseases as well as in 
companion animals [3,4]. A live attenuated virus vaccine 
is a live virus that has lost its virulence that is the ability 
to cause disease but still has the ability to induce protec- 
tive immunity against the virulent virus. They are pre- 
pared either from a naturally occurring virus from an- 
other species (e.g. Jenner’s cowpox) or are artificially 
attenuated. Although live attenuated vaccines are the 
most successful form of vaccine, they have been found to 
have some limitations or shortcoming. The reversion to 
virulence, differences in virulence in different hosts, 
preparation instability, heat lability are some of the risks 
associated with their use [3,5]. 

The recent advances in molecular biology and recom- 
binant DNA technology have revolutionized the field of 
vaccine research with different cutting edge approaches  *Corresponding author. 
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being developed. This has helped in addressing some of 
the problems and concerns encountered in developing 
and using live attenuated vaccines. Today, both DNA 
and RNA viruses are extensively utilized in vaccine de- 
velopment. The use of viruses as vaccine vectors has a 
lot of advantages as well as disadvantages. Most viruses 
used in vector development such as adenoviruses and 
pox viruses have medium to fairly large genomes that are 
relatively easy to manipulate and are capable of infecting 
mammalian cells, making them ideal for use in veterinary 
and human vaccine development [6-9]. Some relatively 
small viruses such as Adeno-associated viruses have also 
been used in vaccine development [10]. 

Adenoviruses as Vaccine Vectors  

Adenoviruses (AdV) are ubiquitous pathogens associated 
with most vertebrates such as reptiles, birds, mammals 
and amphibians [11-19]. They are non-enveloped, icosa- 
hedral viruses that replicate in the nucleus. They have a 
linear double stranded DNA of about 26 - 45 kbp. The 
viral capsid comprises 252 structural units (capsomers), 
including 240 Hexons (II) and 12 pentons (III). This cap- 
sid protects the viral genome ands plays a substantial role 
during virus entry into the host cell. They belong to the 
family Adenoviridae which is divided into 5 genera 
based on the host species and the DNA composition; 
Atadenovirus, Siadenovirus, Mastadenovirus, Aviadeno- 
virus, Ichtadenovirus [12]. The human adenoviruses 
(HAdV) are classified within the genome Mastadeno- 
viridae with 57 serotypes classified to date which are 
divided into seven sub groups (A-G).  

Adenovirus vectors have become a very popular tool 
for gene transfer into mammalian cells [20-24]. The AdV 
genome is divided into early (E) and late (L) genes, ex- 
pressed, respectively, before and after replication of the 
viral chromosome. E1 gene products are involved in the 
control of viral gene transcription, shutoff of cellular 
proteins and cellular transformation. The E2 gene codes 
for proteins involved in viral replication, including a 
DNA-binding protein involved in DNA elongation (E2A) 
and a DNA polymerase (E2B); E3 gene, dispensable for 
Ad replication, codes for proteins that interfere with the 
host immune response against virus infection; finally, the 
E4 genes are involved in the transition from early to late 
gene expression, the shutoff of host-cell gene expression, 
the viral replication and the assembly of the virion 
[25,26].  

Human AdV are by far the best characterised, and the 
vast majority of gene transfer studies involving Ad, 
whether for therapeutic or vaccine purposes, have been 
carried out with vectors derived from serotype 5 
(HAdV-5) [7, 27-29]. Recently, other serotypes such as 
adenovirus serotype 26 have been developed as vaccine 
vectors [30]. 

Different strategies have been employed in the con- 
struction of AdV vectors. The vectors can be constructed 
to be replication competent or replication defective with 
most viral vectors available in both systems. In order to 
render these viruses replication defective one or more of 
the early genes that are required for virus multiplication 
(e.g. the E1 gene in adenovirus) are normally excised 
[31,32]. Generally, these replication defective adenoviral 
vectors are preferred for many reasons. They are usually 
considered to be safe, more so than replication competent 
viruses [33,34]. They are often more effective in prime 
boost protocols than replication competent vectors which 
have been shown to induce potent immune responses 
against both the viral vector antigens and the vaccine 
(transgene encoded) antigen with the resultant neutraliz- 
ing antibodies against the vaccine vector severely reduc- 
ing the efficacy of the vaccine when used as a boost [35]. 
Replication competent vectors may also cause lytic in- 
fections in the host cells, leading to apoptosis of infected 
cells and a reduction in the duration of antigen presenta- 
tion, potentially compromising the efficacy of the vac- 
cine [36]. Importantly, the use of replication defective 
adenoviral vectors, does not generally lead to the poten- 
tially serious consequences that have been associated 
with replication competent vectors, especially in im- 
munocompromised hosts and those with relatively im- 
mature immune systems [37]. Conversely, it should be 
noted that some studies have shown that replication 
competent vectors can elicit stronger immune responses 
in the host than their replication defective counterparts 
[38]. Nevertheless, replication competent vectors present 
a major drawback; in that their use in permissive hosts 
gives rise to the production of infectious particles that 
can be released into the environment. This is not favour- 
able in view of the legislation governing the use of ge- 
netically modified organisms.  

An important advantage of adenoviral vector vaccines 
is that they lend themselves to delivery by various routes 
including in-vivo, intramuscular and oral. In addition, 
AdV vector based vaccines have been utilized success- 
fully in prime boost protocols with other vaccine modali- 
ties [39,40]. The type of immune response generated by 
these vaccines can also be modulated using different 
doses and delivery methods, with mucosal delivery for 
example leading to more effective protection against 
certain pathogens by providing protection at the site of 
pathogen entry [41,42]. In addition, cell-mediated re- 
sponses to a vaccine in particular may be markedly af- 
fected by the route of viral vector based vaccine delivery 
[41]. Advantageously, adenoviral vector vaccine tech- 
nology lends itself to the development of multi-epitope 
vaccines including those that express multiple genes or 
fusion genes thereby leading to the development of vac- 
cines that can elicit broad immune responses against  
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multiple antigens from one or more pathogens [43].  
One potential shortcoming of adenoviral vector vac- 

cines, however, is that these vaccines may be ineffective 
and perhaps potentially harmful if used in the presence of 
pre-existing immunity to the vaccine vector as demon- 
strated in clinical studies on an HIV vaccine candidate; in 
this study vaccines with pre-existing immunity to the 
vaccine carrier were shown to be at greater risk of ac- 
quiring a fulminant HIV infection [44]. A number of 
other studies have also indicated that pre-existing anti- 
bodies to AdV affected the induction of humoral immune 
response following immunization resulting in lower im- 
mune response or reduced protection after challenge 
[45-47]. 

This problem may be circumvented however by the 
use adenoviral vector with lower sero prevalence in the 
target animal species. In the study by Geisbert et al. [8] 
HAd26 and HAd35 which segregate genetically from 
HAd5 and exhibit lower sero prevalence in humans, was 
used as vaccine vector. Their study showed that HAd26 
and HAd35 vectors generate robust antigen-specific cell- 
mediated and humoral immune responses against Ebola 
Virus glycoprotein and that HAd5 immune status does 
not affect the generation of GP-specific immune re-
sponses by the vaccines. Another way to circumvent this 
will be to design vaccine vectors using adenoviruses iso-
lated from a different host species. 

2. Immune Responses Generated by  
Adenoviral Vectors 

Adenoviral vectors especially those first generation vec- 
tors that possess intact adenoviral genes have been 
shown to produce strong innate and adaptive responses in 
the host, these responses are made in response to viral 
gene products and the viral capsid. Not surprisingly the 
level of immune response is dose dependent. Depending 
on the number of viral genes deleted and especially with 
the gutless viral vectors that do not contain any adenovi- 
ral genes immune responses elicited by these vectors can 
be relatively weak. The potential for adenoviruses to 
elicit powerful B cell and T cell responses in the mam- 
malian host are the main reason for the use of these vec- 
tors in vaccine development. The strong immune re- 
sponses elicited by these vectors have been linked to 
their ability to infect immature dendritic cells thereby 
activating them to become mature antigen presenting 
dendritic cells thus promoting T cells responses [48,49]. 
Adenoviruses currently used in vaccine development or 
gene therapy are constructed as E1 or E3 gene deleted 
through to last generation vectors devoid of the entire 
adenoviral genome. Depending upon the genes deleted 
the immunogenicity of the vector can vary [48]. The ef- 
fects of the gene deletions are taken into consideration in 
the creation of adenoviral vectors depending upon their  

use. In gene therapy for example, multiple genes are of- 
ten deleted as gene therapy vectors unlike vaccine vec- 
tors should ideally not induce an immune response in the 
host. In vaccine development on the other hand potent 
immune responses that are specific for the vaccine anti- 
gen are required which requires long term expression of 
the vaccine antigen within the vaccinated host, this can 
be achieved by deleting the E1 gene and such vectors 
cannot cause apoptosis of the infected cells, therefore 
there is sustained presentation of the vaccine antigen. 

Both innate and adaptive immune responses are indu- 
ced by adenoviral vectors and responses are generated 
against the transgene but also the vector itself. Following 
systemic administration, adenoviral vectors will attach to 
the Coxsackie Adenovirus receptor (CAR) on host cells 
and are internalized. Initially entering the cell within an 
endosome the virus subsequently escapes from the en- 
dosome and from within the cytoplasm the viral DNA 
will enter the nucleus of the cell and is eventually tran- 
scribed [50]. Immune responses can be triggered by in- 
ternalised viruses via various Toll-like receptors (TLR) 
[51]. The binding of the adenovirus fibre to the CAR 
receptor leads to the production of proteins such as P13K 
kinase and junctional adhesion molecule—like protein 
causing the production of various chemokines [52]. Sig- 
nificant levels of cytokines including IL-6 and TNF-α are 
usually detected within 24 hours following adenoviral 
vector administration. Importantly even when the vectors 
have few or no adenoviral genes they still elicit signifi- 
cant innate responses characterized by upregulated neu- 
trophil and macrophage activity at the site of vector ad- 
ministration which are induced by the viral capsid [53]. 
These innate responses can also result in the elimination 
of significant numbers of viral vectors in a host [54]. 
Apart from their innate responses, significant humoral 
responses against the viral vector can result in the pro- 
duction of neutralizing antibodies against the vector. 
Overall, despite these issues adenoviral vectors are still 
considered to be amongst the best vectors for use in vac- 
cine development. 

3. Adenoviral Vector Based Vaccines in  
Prime Boost Protocols  

Prime-boost vaccination using plasmid DNA and replica- 
tion-defective adenovirus vectors has emerged as a 
highly effective strategy for vaccinating against various 
pathogens. Often this has involved constructing a DNA 
vaccine and a viral vector based vaccines both containing 
the same transgene. DNA vaccines have been aggres- 
sively researched since the early 90s and following ex- 
tensive testing in clinical trials it is now known that these 
vaccines, whilst being largely ineffective as a sole vac- 
cine, can be successfully used in prime boost immuniza- 
tions. This approach has been investigated with superior  
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results obtained using a DNA vaccine to prime the im- 
mune system followed by an adenoviral vector vaccine 
boost [40,55,56]. Generally, studies have shown that 
better antibody responses and strong cell-mediated im- 
mune responses, characterized by high levels of Th1 cy- 
tokines such as IFN gamma, antigen-specific CD4þ and 
CD8þ cells, are generated using the DNA prime/viral 
vector boost approach compared with using a single vac- 
cine modality [35,36]. In some cases the efficacy of a 
prime boost vaccination protocol can be further enhanced 
with the administration of adjuvants such as glycosyl 
chitosan or CpG oligodeoxynucleotides [57,58] and chi- 
cken CD154 [23]. Th1 cytokines such as IL-12 and 
IFN-gamma have also been used to enhance immune res- 
ponses generated by prime boost vaccination protocols 
[59]. Successful use of an adenoviral vector vaccine in a 
prime boost regimen is exemplified in vaccination of 
cattle against bovine tuberculosis (TB). The current 
strategy on vaccine development for bovine TB is to im- 
prove on the existing vaccine, Bacille Calmette-Guerin 
(BCG). Studies conducted with BCG and a recombinant 
MVA or AdV vaccine expressing the 85A antigen in a 
prime boost approach demonstrate that this approach 
generates higher levels of cell-mediated immune re- 
sponses than by using BCG alone [60,61]. Boosting with 
an adenovirus-vectored (Ad) tuberculosis vaccine AdAg 
85A through the intranasal mucosal route was able to 
enhance the long-term survival of BCG-primed guinea 
pigs following pulmonary Mycobacterium tuberculosis 
challenge [62]. Hammond et al. [55] demonstrated that a 
prime-boost vaccination strategy which comprised a na- 
ked DNA (pCI-gp55) prime followed by a boost with a 
live recombinant porcine adenovirus (rPAV-gp55) com- 
pletely protected weaned pigs from disease following 
experimental challenge with classical swine fever virus. 
This strategy also protected against the transient febrile 
response observed in pigs vaccinated with rPAV-gp55 
alone, and prevented any pathology in the animal. The 
results obtained by Sun et al. [63] demonstrate that the 
heterologous DNA prime and recombinant adenovirus 
boost strategy can indeed induce solid protective immu-  
nity against the classical swine fever virus (CSFV) in 
pigs. The results demonstrated that the pigs receiving 
pSFV1CS-E2/rAdV-E2 heterologous prime boost im- 
munization developed significantly higher titres of 
CSFV-specific neutralizing antibodies and comparable 
CD4+ and CD8+ T-cell proliferation, compared to the 
pigs receiving double immunizations with rAdV-E2 
alone. When challenged with virulent CSFV Shimen 
strain, the pigs of the heterologous prime boost group did 
not show clinical symptoms or viremia, which were ob- 
served in one of the 5 pigs immunized with rAdV-E2 
alone and all the 5 control pigs immunized with an empty 
adenovirus. 

Although the mechanism of action of prime boost vac- 
cination protocols is not fully understood, it has been 
suggested that the process involves the ability of DNA 
vaccines to prime memory cells which are then able to 
respond fairly rapidly to the recombinant viral vector 
boost, resulting in heightened immune responses to the 
target antigen. If a recombinant virus was used to prime 
as well as boost, the effect may not be quite the same, as 
the immune responses generated by the prime would be 
primarily an inflammatory response that, when boosted 
with the same vector, would result in a rapid decline of 
the vaccine vector [64]. Some of these effects are 
brought about by the presence of vector specific antibod- 
ies formed during the priming response but there is evi- 
dence to suggest that T cell-mediated mechanisms may 
also play a significant role [65]. Some researchers, how- 
ever, have reported success using multiple immuniza- 
tions with viral vector based vaccines [66,67] but this 
approach has not been adopted in veterinary vaccine de- 
velopment. Based upon published studies it is clear that 
the prime boost strategy is important to keep in mind 
when developing adenoviral vector based vaccines for 
veterinary pathogens. 

4. Adenoviral Vectors Currently Used in  
Veterinary Vaccines  

The appeal of AdV-based vaccine vectors stems from 
their use as efficacious vaccines [68]. Most studies to 
date have focused on human serotype AdVs, particularly 
human AdV type 5 (HAd5). Human serotype AdV vac- 
cine vectors are particularly useful for development of 
veterinary vaccines as neutralizing antibodies to the vec- 
tor will not usually be present in the vaccinates and to 
date a range of veterinary vaccine candidates have been 
developed using this platform [23,63,69]. Adenoviruses 
from various species have been developed as vectors and 
some examples are listed in Table 1.  

AdV vectors are acknowledged to be highly effica- 
cious as vaccine carriers and are capable of inducing 
strong antibody, CD4+ and CD8+ T cell responses [70]. 
While some uses of viral vectors in cancer therapy rely 
on the production of a cytopathic effect within the host 
tissue [71] in the development of vaccines designed to 
protect the host against a range of pathogens such repli- 
cation competent vectors are not required. Research to 
date shows that replication defective AdV vectors can 
induce higher B and T cell responses than other viral 
vectors (e.g. pox viral vectors), however, they may not 
induce significant CD4+ T cell responses as they do not 
establish a lytic infection in the host [72]. 

One of the major problems associated with vaccinating 
young animals is the presence of low levels of maternally 
derived antibodies; often insufficient to provide complete 
protection but enough to interfere with conventional vac-  
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Table 1. Examples of adenoviruses that have been developed as veterinary vaccine vectors. 

Vector/ Transgene Animal Model Method of delivery; Dose Results of animal studies Reference

Canine adenovirus serotype 
2/rabies virus glycoprotein 

Dogs 
Subcutaneous;107.8 TCID50 

(boost at 14 days) 
100% protection following challenge 

with rabies virus 
[78] 

Human adenovirus serotype 
5/avian influenza virus haemag-

glutinin (HA) 
Chickens 

Subcutaneous; 1 × 107, 1 × 108, 
5 × 108 PFU (boost at 5 weeks)

High levels of HA specific antibodies; 
High levels of IFN-gamma 

[23] 

Bovine adenovirus serotype 
3/herpesvirus glycoprotein D 

Cattle 
Intratracheal; 108 PFU (boost at 

4 and 8 weeks) 
Partial protection following challenge 

with bovine herpesvirus 
[79] 

Porcine adenovirus serotype 
3/transmissible gastroenteritis 

virus spike gene 
Pigs Oral; 5 × 106 PFU High titres of virus neutralizing antibody [80] 

Ovine adenovirus//taenia ovis 
45W antigen 

Sheep   [81] 

Fowl adenovirus serotype 1 
(CELO)/VP2 protein of infec-

tious bursal disease virus 
(IBDV) 

Chickens 
Oro-nasal; 3 × 108 to 8 × 108 

PFU per animal (boost 14 days 
after prime) 

Partial protection following lethal IBDV 
challenge (complete protection was 

achieved when vaccine was delivered 
subcutaneously or intradermally) 

[82] 

 
cination. For instance, puppies are vulnerable to canine 
distemper virus (CDV) because conventional vaccines 
that are highly effective in older animals are not protec- 
tive in these young animals due to the presence of low 
levels of antibodies acquired from the dams which have 
been immunized against CDV [73]. An important advan- 
tage of adenoviral vector based vaccines is that they can 
be used in neonates or young animals as they are not ad- 
versely affected by the presence of maternal antibodies 
[74]. This was clearly demonstrated in a study utilizing 
an E1-deleted replication defective AdH5 vector based 
swine influenza virus (SIV) vaccine. In this study, piglets 
born to dams previously exposed to SIV were immunized 
with a mixture of two AdH5 based vaccines expressing 
the hemagglutinin antigen or the nucleoprotein of SIV. 
Half of the vaccinated piglets were boosted 5 weeks later 
with commercial SIV H1N1 and H3N2 vaccine. A con- 
trol group received a sham adenovirus prime at 1 week of 
age followed by the H1N1 and H3N2 boost at 5 weeks. 
Two weeks later all three groups of piglets were chal- 
lenged with virulent H3N2; only piglets primed with the 
adenoviral vector based vaccines showed a significant 
increase in memory responses in the presence of mater- 
nally derived antibodies present against SIV H3N2 [75]. 

Adenoviral vectors have also been used in the cons- 
truction of vaccines that can inhibit virus replication in 
the host. The principle of this technology is that the viral 
vector is engineered to express short hairpin RNAs 
(shRNA) which, when introduced into the host, will sup- 
press the function of an important target protein ex- 
pressed by the pathogenic virus. This approach has been 
used in the development of a replication defective AdH5 
virus based vaccine [76] containing either the foot-and- 
mouth disease virus (FMDV) structural protein 1D or 
polymerase 3D specific shRNA. When challenged with 
100 ID50 of homologous FMDV partial protection was 
observed in guinea pigs injected with a mixture of both  

vaccines (2 × 109 pfu) or the vaccine containing the 
FMDV polymerase 3D gene (106 pfu) [76]. This method 
has not been widely utilised in vaccine development to 
date, however, the results of the Chen and co-workers’ 
study suggest that this approach should be investigated 
further. 

The route of vaccination has, in some cases, proved to 
be crucial to overcome interference from pre-existing 
neutralizing antibodies. In one study, the efficacy of a 
vaccination regimen using two replication competent 
canine adenovirus serotype 2 based CDV vaccines was 
investigated in pups that had maternally derived CDV 
and canine adenovirus specific antibodies. Pups vacci- 
nated subcutaneously were protected while those vacci- 
nated via the mucosa were not [73]. This suggests that in 
any study looking at the efficacy of viral vector vaccines 
multiple routes of administration should be evaluated.  

One of the most important reasons to develop adenovi- 
ral vector based vaccines is that this platform would lend 
itself to the development of vaccines that can differenti- 
ate between infected and vaccinated animals (DIVA). 
For example, this approach has been used by Li et al. 
(2011) who developed a turkey herpesvirus vector based 
vaccine for avian influenza and Marek’s disease [77]. 
This vaccine was designed so as not to elicit nucleopro- 
tein specific antibody responses in the vaccinated host 
and could therefore be used in a DIVA protocol. 

The Potential for Commercial Adenoviral Vector  
Based Veterinary Vaccines  

Conventional vaccines have played an important role in 
the control and possible eradication of certain diseases 
e.g. rinderpest. However, new approaches to vaccine 
development are urgently required for those diseases 
where efficacious vaccines do not exist [83]. Currently 
however, veterinary vaccines comprise a fraction of the 
market size of human vaccines; consequently there are  
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much lower levels of investment into veterinary vaccine 
research and development. These issues can have a nega- 
tive impact on the utilization of new technologies in vet- 
erinary vaccine development. 

The commercialization of vaccines whether for human 
or veterinary use usually begins following extensive 
testing of the vaccine candidate in animal models and 
field trials. The final stage of this arduous process would 
be market authorization which for a veterinary vaccine 
would involve obtaining permission from veterinary au- 
thorities to allow the vaccine to be made available to the 
relevant consumers [84]. Despite years of research into 
the technologically advanced DNA and viral/bacterial 
vector technologies, conventional vaccines based upon 
either killed or attenuated pathogens or recombinant an- 
tigens still form a major part of the veterinary vaccine 
market today. One of the main reasons for this is the rel-
atively long process leading to commercialization of a 
new vaccine which involves establishing vaccine effi- 
cacy and safety prior to obtaining registration, which 
may be complicated if the vaccines were to be commer- 
cialized globally [85]. Furthermore, the need for global 
cooperation between governments and industry in vet- 
erinary vaccine development remains a pivotal issue in 
the future development of these vaccination agents; 
unlike human vaccine development for infections such as 
HIV and malaria, this arena has not yet been fully ex- 
plored [30,86]. Over the years a number of adenoviral 
vector based veterinary vaccines have been developed 
but none are currently licensed. One such Adenoviral 
vector based veterinary vaccine is currently under con- 
sideration for commercialization. This is a replica- 
tion-defective human adenovirus serotype 5 (Ad5) con- 
taining the capsid and 3C protease-coding regions of 
foot-and-mouth disease (FMD) virus as a vaccine candi- 
date has been developed and gone through field trials and 
other testing in preparation for commercial production. 
Even though many of the trials have been successful; 
several US Department of Agriculture Centre for Veteri- 
nary Biologics regulatory requirements still need to be 
met in order to obtain product licensure [87,88]. 

Most of the currently available viral vector based vet- 
erinary vaccines are based on other platforms such as 
Canary Pox virus, Fowl Pox virus and Baculovirus 
[89-92]. Adenoviral vector based systems are clearly 
underutilized in veterinary vaccine development despite 
being well characterized and shown to be potent inducers 
of protective immune responses [72]. If these vectors are 
to be used widely to construct veterinary vaccines that 
can be commercialized, more research needs to be un- 
dertaken on this platform, particularly studies focusing 
on the comparison of this platform with other viral vector 
platforms and the use of adenoviral vaccines in prime 
boost immunization protocols with non-adenoviral vector 

based vaccines. 

5. Conclusion and Challenges That Remain  

Adenoviral vector vaccines have been shown to induce 
potent immune responses in the host. It has been hy- 
pothesized that if pre-existing immunity to the vaccine 
vector is not present, these vaccines are likely to be 
highly effective against viral pathogens in particular that 
require robust cell-mediated immune responses in the 
host for protection. There is evidence to suggest however 
that even in the presence of neutralizing antibodies ade- 
noviral vector based vaccine could work [93]. 

Despite the many advantages of this technology there 
are some potential drawbacks to consider, such as the 
potential toxicity of adenoviral vaccine vectors. For ex- 
ample, viral based vectors elicit an inflammatory cyto- 
kine response (by stimulating both innate and adaptive 
immune responses), thus promoting harmful side effects 
in the host [94]. In light of this, these viral vaccine vec- 
tors must be thoroughly evaluated for potentially harmful 
immunological reactions on the host immune system, 
especially in the context of pre-existing immunity to the 
vaccine vector prior to conducting field trials.  

Other important issues to be considered when develo- 
ping adenoviral vector based on vaccines are the choice 
of transgene and the stability of the vector genome. In 
order for a vaccine to be protective, the pathogen specific 
transgene used in the construction of the vaccine should 
contain highly immunogenic epitopes otherwise the im- 
mune responses generated by the vaccine will be subop- 
timal. Ideally extensive research to identify the most 
immunogenic antigens of a pathogen should therefore be 
undertaken before vaccine development begins. Studies 
conducted to ensure the stability of the viral vector ge- 
nome must also be conducted soon after the vaccine is 
constructed and well before large scale production of the 
vaccine as it has been reported that mutants which do not 
express the vaccine transgene can randomly arise when 
producing large quantities of viral vector based vaccines 
[95]. Vaccines therefore need to be constructed using 
strategies that avoid cloning the transgene into sections 
of the viral vector that are relatively unstable and more 
prone to mutation or deletions.  

There are still many important veterinary pathogens 
for which no vaccines currently exist. In addition, issues 
such as maintaining herd immunity and the potential 
waning of vaccine induced protection remain a serious 
challenge for eradication of important diseases such as 
foot-and-mouth disease using existing vaccines [83]. As 
human vaccine studies have shown the adenoviral vector 
platform has the potential to be used in the development 
of efficacious vaccines for veterinary pathogens where 
other approaches have failed, however, many challenges 
remain in regard to the development of these vaccines. 
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