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management have helped improve the health
and well-being of livestock.

ABSTRACT Methods to control infectious diseases in 
livestock are growing in importance. As the size of the 
average farm increases-for poultry, dairy and beef cattle,
swine, and fish-the risk of rapid spread of infectious dis-
eases increases as well. This increases the need for al-
ternative methods of control of infectious agents. Im-
provements in specific immunogens, adjuvants, and
delivery systems are needed to meet the demand for 
vaccines to ensure a healthy and safe meat supply. This
article explores the challenges, trends, and recent ad-
vances in the control of infectious diseases through the
use of biologics.

Treatment. One alternative method for handling
bacterial pathogens is the use of therapeutics to 
treat or prevent infections. However, as with any 
large population, it is impossible to expect that
animals will never get sick. Therefore, the need 
for effective antibiotics will always exist. It has
been estimated that 30% to 50% of all antim-
icrobial agents are used in agriculture

1-3
. Of 

these, a significant number are used subthera-
peutically for growth promotion

3
. As with human

medicine, prudent use of antibiotics is essential
to preserve their efficacy and to minimize the
emergence of resistant organisms.

KEYWORDS: biologics, vaccines, animal health, novel
delivery systems.

METHODS OF CONTROL OF INFECTIOUS DISEASES
Vaccines. An economical method of controlling
infectious diseases is immunization. As con-
cerns for emergence of antimicrobial resistance
increases, there is a growing interest in increas-
ing the use of immunoprotection in the preven-
tion of infectious diseases.

The control of infectious diseases is an enormously im-
portant economic issue to the animal industry. Infectious
agents can devastate the health of livestock. Proper con-
trol and treatments are an integral part of raising live-
stock. Several methods are used to control infectious
agents in large herds or flocks, including the following:

Eradication. Although effective in eliminating af-
fected animals and reducing the spread of dis-
ease, eradication of herds is costly because of 
the loss of genetic stock. This method also in-
curs the loss of short-term agricultural income
and hence decreases the health of the industry
in whole. Such outcomes could have major re-
percussions within a specific industry, or a coun-
try's economy.

Increasing demand for vaccines: Political and 
globalization pressures affecting infectious disease
control and the need for vaccines

Besides the recognition of increasing antibiotic resis-
tance as a concern in the control of bacterial infections in
animals as well as humans, several other factors are
driving the search for vaccines to control infectious dis-
eases in animals.

Management. Management practices to control
infectious diseases include the maintenance of a
closed herd, practicing an all in/all out handling
of groups of animals, use of biosecurity methods
to restrict the introduction of infectious agents to
a farm, use of good animal hygiene, strategic
use of disinfectants, and quarantine of newly
purchased animals for a period prior to their in-
troduction to a herd. Improvements in

Change in pharmaceutical company efforts to 
develop new therapeutics. Most animal health
companies develop antimicrobials based on dis-
covery research conducted within the parent
company's human pharmaceutical division. With
the growing concern over using the same antim-
icrobials in animals and in humans, there is seri-
ous skepticism regarding the future approvability
of new antimicrobial moieties for administration
to animals.
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Consumer tastes. There is a growing consumer
demand for wholesome meat products that are
derived from animals raised without the use of
hormones or antibiotics. In accordance with
these demands, fast-food restaurants and other
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retailers are now requiring that meat producers
ensure that animals are not treated with certain
antibiotics. It is estimated that in the next 10
years, 5 to 7 retailers could control as much as
75% of retail meat sales in the United States

4
.

Accordingly, livestock producers are responding
to these market demands by reducing the use of
pharmaceutical agents

An alternative control for common infectious dis-
eases. There is a need to develop better vac-
cines to eliminate problematic diseases where 
current vaccines are not sufficiently effective, or 
where antibiotics are still needed routinely to
manage the disease. An example of the latter is 
bovine respiratory disease in North America,
which costs producers an estimated $750 million 
annually

7
.

Commerce. With the evolution of a more global
economy, food and breeding stock are traded on
a worldwide basis. There is a growing interna-
tional risk of transferring infectious diseases.
The effect of bovine spongioform encephalopa-
thy and foot-and-mouth disease on commerce
are recent examples of this principle. National 
regulatory programs protect parochial trade in-
terests, and the corresponding changes in politi-
cal expediency and consumer interests, have 
generated a greater need to control infectious
diseases in more innovative ways. Ideally, these
control methods will have a minimal impact on
trade.

Control of infectious agents for which there is 
limited treatment. For some infectious microbes,
as well as helminths and protozoa, either there
is no treatment or there are concerns of growing
resistance to therapeutics. Cryptosporidiosis af-
fects many animals, especially young calves.
However, there currently is no effective thera-
peutic agent. Systemic Escherichia coli infec-
tions in poultry have been a significant problem;
treatment has always been difficult and is more
so now with the decision to avoid the use of cer-
tain classes of antimicrobials. Therefore, alterna-
tive methods of controlling coliform infections in
poultry are becoming even more important

8
.

The precautionary principle. In a global econ-
omy, political policies can dramatically affect the
general practice of agriculture, and therefore
trade. In a desire to reduce the emergence of
antibiotic-resistant organisms that could be a
threat to humans, the European Union has
banned the use of nearly all growth-promoting
antibiotics in food-producing animals. This con-
cern is largely driven by the emergence of van-
comycin-resistant enterococci (VRE), which is
suspected to be linked to the use of a related
growth-promoting antibiotic, avoparcin. It should
be noted that there are contradictory reports re-
garding the overall impact of this ban. On the
one hand, there is the suggestion of a reduction
in the incidence of VREs in Denmark since
avoparcin was removed from the market

5
. On 

the other hand, there is a report that more 
therapeutic antibiotics have been used to treat ill 
animals since the ban 

6
.

Emerging infectious diseases. Emerging dis-
eases in food and companion animals are an
evolving area of significant concern. Examples
include West Nile virus in horses, Neospora can-
inum abortion in cattle, and poor performance in
swine due to circovirus infection. With these dis-
eases, there are no pharmacological interven-
tions approved to ameliorate the consequences.

Zoonotic diseases. Although the pathogens of
interest may not have any clinical impact on the
animal species for which the vaccine is in-
tended, the potential risk for infection by these 
pathogens in immunocompromised humans has
heightened interest in the development of vet-
erinary vaccines. Two examples of zoonotic dis-
eases are toxoplasmosis and cat scratch dis-
ease, caused by the bacterium Bartonella felis. 
In the case of toxoplasmosis, there are few, if
any, alternative therapeutic options.

Intensification of agriculture. More meat can be
produced on less land than ever before. As the 
world continues to urbanize, this will become in-
creasingly important as less land becomes
available for food production. As more animals
are raised in less space, the potential for infec-
tious diseases increases.

Control of foodborne diseases. There is a grow-
ing interest in developing vaccines to control 
foodborne diseases in livestock, even if the or-
ganisms do not cause disease in the animals
themselves. There are several examples of this.
Escherichia coli O157:H7 is carried primarily by 
cattle and has been associated with foodborne
disease outbreaks attributed to the consumption
both of ground beef in the United States and of 
vegetables worldwide

9,10
. This organism is car-

ried by a very low percentage of animals. It is 
present on nearly all farms, but rarely causes
disease in cattle. Many cattle, swine, and poultry
carry salmonella and campylobacter, generally

SCOPE OF THE NEED FOR VACCINES—
APPLICATIONS

The global interest in alternative methods for controlling
infectious diseases is largely responsible for the exten-
sive efforts to develop more effective biologics. Impe-
tuses for these interests are described below.
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without any clinical signs of infection. Yet, cam-
pylobacter has been found in a large number of 
retail market meat samples

11,12
 and can cause

disease in humans.

PROPERTIES OF AN IDEAL VACCINE

There are several characteristics of a useful and suc-
cessful biologic. First and foremost, the product must be
efficacious in preventing the targeted disease. Second,
the product must be safe both for the target as well as 
nontarget species for which it is intended. Other charac-
teristics include the following:

The product should have minimal adverse side
effects. Injection site reactions can adversely af-
fect the carcass quality of cattle and swine. For
companion animals, owners are less likely to al-
low follow-up injections or even use a product if
a vaccine induces fever, swelling, or any pain in
their pet. The association of injection site sar-
comas in cats is also a concern for owners.

The product should be stable, retaining its po-
tency for a reasonable duration of time.

Ideally, only one injection should be needed to
reach the desired level of efficacy. This product
trait is of growing importance because of difficul-
ties associated with multiple administrations, in
terms of both time and expense as well as the
stress it can produce on livestock, poultry, and 
aquaculture species.

The biologic should have a reasonable duration
of immunity. This is important both in terms of 
labor costs and because of the risk of autoim-
mune responses associated with repeated ex-
posure to excipients in companion animals.

Economical considerations are important from
the perspectives of both product manufacture
costs and consumer expense. With regard to the
latter, the cost of product will be measured
against the economic gains associated with the
lower incidence of disease.

From the product manufacture perspective, the
biologic must be reasonable to produce. If it is 
technologically complicated or requires intricate 
processing, the cost of goods could increase. If 
cost of goods is too high, pricing constraints will
limit product profitability and, therefore, the like-
lihood of manufacture.

POTENTIAL IMPACT OF VACCINES AND DELIVERY

SYSTEMS ON ANTIBIOTIC USAGE IN ANIMALS

One of the most pressing issues to stimulate the devel-
opment of vaccines is food safety and the need to con-
trol antimicrobial resistance in animals. There has been

a concerted worldwide effort to reduce antibiotic usage
in both humans and animals. For example, in Norway,
the antibiotic usage for animals declined by 37% from
1992 to 1996. The 96% reduction in antimicrobial usage
in fish over this period significantly contributed to this 
overall decline

13
. A major contribution to the reduction in

antibiotic usage in fish was the development of an effec-
tive vaccine to control farunculosis, a devastating bacte-
rial disease of freshwater and marine fish. This antibiotic
reduction is especially impressive as the biomass of fish
actually doubled over this same time period. This is an
important example of how vaccines can reduce antibiotic
usage.
Another example is the control of enzootic Mycoplasma
hyopneumoniae in swine. For many years, this disease
was controlled by use of antibiotics in the feed because
there were no vaccines available. The development of 
effective vaccines has been relatively recent. Currently,
there is evidence suggesting that the use of vaccines 
may help improve overall health and swine feed effi-
ciency while reducing the need for treatment. This is true
not only for mycoplasma, but for other infections as well.
In two different studies, vaccinated pigs gained weight
faster, had fewer mortalities, had less pulmonary dam-
age, and required fewer treatments than nonvaccinated
pigs

14,15
.

The successful control of Salmonella choleraesuis va.
Kunzendorf in swine is another case in which a vaccine
has reduced dependency on antibiotics. S. choleraesuis
is an invasive form of salmonella that causes systemic
disease in swine, including both pneumonia and diar-
rhea. Until the development of an effective vaccine, sal-
monellosis was a significant cause of loss to the swine
industry. For many years, salmonellosis in swine was
controlled by the administration of the antibiotic nitrofu-
rantoin in feed. This practice was stopped when it was 
learned that nitrofurantoins are carcinogenic in humans,
but this presented a challenge to the swine industry. A 
modified live vaccine administered intranasally or orally
has been very effective in eliminating this disease that
had previously ravaged swine operations

16
. S. choler-

aesuis is now a rare disease in swine herds in North
America where the vaccine is used.
Poultry also have a significant incidence of salmonello-
sis, affecting both carcasses and shell eggs. Poultry
vaccinated with salmonella vaccines have been shown
to have less salmonellae present at slaughter

17,18
.

These are a few examples where vaccines have signifi-
cantly changed the management of bacteriologically im-
portant diseases. Future technologically advanced vac-
cines could have an even greater impact on the 
management and control of veterinary diseases.

THE ROLE OF THE BIOTECHNOLOGICAL

REVOLUTION IN VACCINE DESIGN

The increased interest in the use of biologics to control
infectious disease comes at the time of an exciting bio-
technological revolution. Numerous advances have had 
an important impact on the development of biologics.

3
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Advances in molecular biology have led to, and continue
to result in, a better understanding of virulence mecha-
nisms of infectious agents. This includes major break-
throughs in the sequencing of genes to entire genomes
of viruses, bacteria, and protozoa, as well as helminthes.
A better understanding of genomics has led to efficient
ways to identify and manipulate specific genes. For ex-
ample, in vivo expression technology

19
 and signature

tagged mutagenesis
20

 have been used to identify viru-
lence mechanisms or antibacterial targets. These meth-
ods can also be used to identify gene deletion vaccine
candidates in bacteria. Without the ongoing revolution in 
genetic sequencing, these methods of developing gene-
deleted organisms would not be possible. Auxotrophs of
bacteria (mutants that have lost the ability to synthesize 
an essential amino acid or acids) have also been devel-
oped as safe, modified live vaccines

21
. All 3 methods 

are useful as vectors for expression of subunit antigens
from other bacteria or viruses

22
. These are but a few 

examples of how advances in biotechnology are improv-
ing vaccinology.

IMPROVEMENTS IN ADJUVANT TECHNOLOGY

Adjuvants are substances that potentiate an immune re-
sponse through any of a variety of mechanisms

23
. Ac-

cordingly, the delivery characteristics of the adjuvant in a
formulation are a critical factor in determining product ef-
fectiveness

24
. Improvements in biotechnology have of-

ten resulted in improved immunogens that require better
adjuvants to be most effective. Fortunately, in veterinary
medicine, there have also been major advances in the
understanding and development of safer, more effective,
and less reactive adjuvants. These allow for the devel-
opment of more potent immune responses that afford a
long duration of protection. In some cases, newer adju-
vants have the potential to induce very potent responses
to subunit antigens that would not otherwise be effective
without repeated inoculations. Adjuvants formulated as 
water in oil emulsions are replacing the more toxic alu-
minum hydroxide formulations for veterinary use. These
new adjuvants allow for products that are highly effective 
with minimal adverse reactions. One example is the de-
velopment of MF59 as an adjuvant 

25
. Several other 

novel yet potent adjuvants are under investigation. For
example, CpG DNA oligonucleotide motifs can be used
to direct a faster onset and primarily B-cell or T-cell re-
sponse

26
. Immune stimulating complexes (ISCOMs) and

other saponin-containing adjuvants are highly useful for 
stimulating cell-mediated immune responses

27
. One of

the more successful methods in this regard is the
ISCOM-encapsulated influenza vaccine that is currently
marketed for horses

28
.

There is a growing understanding of the usefulness of 
mucosal immunity and of the ways to induce a mucosal
response with vaccines. This is important because most
infections begin at a mucosal site. The therapeutic utility
of mucosal adjuvants has been limited because they are 
themselves potent toxins. Consequently, there is great
interest in modifying these toxins to retain their adjuvan-

ticity while reducing their toxicity. Recent advances have
included genetically modified mucosal adjuvants—such
as the exotoxin A component of Pseudomonas aerugi-
nosa, the heat stable toxin of E coli, and the cholera
toxin — for potency. In each case, the modified com-
pounds are much safer than the natural parent com-
pounds

29-31
. However, one major limitation confronting

the development of new adjuvants in veterinary medicine
is cost. The added manufacturing cost of including new
adjuvants to the final market formulation will be a key
factor restricting their implementation in veterinary medi-
cine.

DELIVERY OF VACCINES, ROUTE OF 

ADMINISTRATION, AND EFFICACY 

As novel vaccine antigens and adjuvants become avail-
able to improve immunogenicity, the next challenge is to
determine more efficient methods of vaccine delivery to 
animals. Alternatives to parenteral administration are
growing in importance to owners of both livestock and
companion animals. Consumers are demanding prod-
ucts that need to be administered only once over the 
course of the livestock lifecycle, or at least less often
than once a year. Equally important for consumers is a
formulation—for example, oral or aerosol— that allows
the product to be administered to hundreds or thousands
of animals at a time.
Often the ideal time to vaccinate an animal is shortly af-
ter birth. However, maternal antibodies can interfere with
the ability of newborns to respond to vaccines. There-
fore, methods of delivery are needed that can induce a
primary immune response in the very young, despite the
presence of maternal antibodies. Ideally, there will be
only a minimal need for booster vaccines over the re-
mainder of that animal’s life. Such demands necessitate
the development of alternative delivery systems that can
provide either a sustained release of antigen, from a sin-
gle injection, for example, or a more potent and longer
lasting (mucosal) immunity from administration by non-
parenteral routes.
The desire for alternative methods of vaccination is in-
creasing. Livestock producers would like to avoid injec-
tion site reactions that lead to carcass damage. With a
large number of animals to vaccinate, it is also logisti-
cally difficult to handle each animal multiple times.
Hence, sustained-release vaccines are of increasing in-
terest to livestock producers. Vaccine delivery methods
such as aerosolization, use of water or feed, or a single
sustained-release injection would reduce handling, re-
duce labor costs to the producer, and eliminate injection
site reactions.

ORAL DELIVERY SYSTEMS

Many different oral delivery systems have been tested
for use with infectious agents in veterinary medicine, in-
cluding liposomes, polymeric encapsulated vaccines as
implants, oral baits, and microparticles for delivery of 
vaccines (23. Oral administration of bacterial antigens in
a polymeric hydrogel containing antigens of M haemo-
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lytica has been tested in cattle
32

. Antigens were encap-
sulated in poly (methacrylic acid) hydrogels and adminis-
tered in a bolus. Vaccinated cattle had less mortality and
less morbidity than nonvaccinated controls. Other poly-
meric delivery systems have been used to encapsulate
antigens of swine respiratory bacterial pathogens, in-
cluding Actinobacillus pleuropneumoniae and My-
coplasma hyopneumoniae. When these antigens were
orally administered, the swine had less severe pneumo-
nia than did their nonvaccinated counterparts

33,34
. A 

promising nonpolymeric delivery system is the bacterial
ghost. Inactivated bacteria are loaded with antigens of 
other bacteria or viruses and are administered to ani-
mals either by injection or orally

35
. This unique delivery

system has also been used to administer antigens of A 
pleuropneumoniae to swine. Not only were the swine
less likely to develop pneumonia, but the immune re-
sponse was so effective that no challenge organisms
were recovered from the respiratory tract. These exam-
ples demonstrate methods to control major bacterial dis-
eases in food animals. Commercial success of such
vaccines could dramatically reduce the need for antibiot-
ics to control these diseases.

EXPRESSION OF VACCINES IN TRANSGENIC PLANTS

The technology has advanced rapidly from the simple
expression of peptides in tobacco leaves to the genetic
expression of bacterial antigens by tuberous plants such 
as the potato. An experimental application of this tech-
nology is its use in the expression of a key bacterial an-
tigen. The leukotoxin that functions as a primary viru-
lence mechanism and an important immunogen of M 
haemolytica pneumonia in cattle has recently been ex-
pressed in clover

36
. The exciting aspect of this applica-

tion is that clover is the primary diet of the targeted ani-
mal species. Another novel application is the expression 
of antigens in corn, the primary diet for livestock. The an-
tigens are expressed in high amounts and are stable in
the corn over time 

37
. Thus, the ultimate goal is that nor-

mal foodstuffs can serve as mechanisms for vaccine de-
livery.

PARENTERAL AND INTRANASAL DELIVERY

SYSTEMS

A variety of marketed one-shot injectable conventional
vaccines have incorporated adjuvants into the product
formulation in order to extend the duration of immunity.
However, many of these newer products are not as ef-
fective as 2 injections of the same vaccine. Conse-
quently, several methods are currently on the market, or 
are under investigation, for more sustained delivery of 
antigens. Of the several microparticles that have been
investigated, one of the most well studied is poly lactide-
co-glycolide

38
. A variation on the use of microparticles is

the use of aliphatic polyester liquids to encapsulate anti-
gens and to act as a repository, forming a more solid gel
upon injection. One example of this technology is 
Atrigel®, which has been tested to deliver pseudorabies
vaccine to swine

23
. A similar sustained-release liquid

material using a different polymer, Saiber
TM

, has been
used to produce an intranasal vaccine to control Strep-
tococcus equi, a highly contagious agent that causes
strangles in horses

39
. Some formulations now incorpo-

rate an antigen with an adjuvant to improve the immune
response. Microparticles have been used to target anti-
gens with adjuvants to adhere to nasal mucosa

40
. Solid 

implants have also been studied as a mechanism for 
long-lasting antigen release over time 

41
.

NUCLEIC ACIDS

Progress continues to be made on this seemingly
unlikely method of immunization. DNA is injected into
muscle (IM) or skin (ID) of the animal, which subse-
quently produces the antigen encoded by the adminis-
tered DNA 

42
. Bovine herpes virus 1 is the most serious

virus causing pneumonia in cattle. One of the important
antigens of this virus is the glycoprotein gD, which can
induce protective immune responses in cattle. The nu-
cleic acids encoding this gD were in the first naked nu-
cleic acid vaccine tested in cattle, and the vaccine was
shown to induce a neutralizing immune response

43
. Nu-

cleic acid vaccination has also been investigated in 
swine, poultry, and companion animals for a variety of 
infectious agents

44
. Nucleic acids can be administered

by a variety of routes in addition to IM and ID, including
transcutaneously and orally

45
. Although there is the po-

tential for using this method of immunization to combat
bacterial infections, most examples to date have concen-
trated on viral applications. Unfortunately, it appears that
in many cases optimal immunity to the target antigen re-
quires a follow-up booster with the actual peptide. This
presents an interesting situation whereby a vaccine
would require the use of a totally different formulation for 
the booster than for the initial immunization.

FUTURE CHALLENGES TO THE USE OF VACCINES TO

CONTROL INFECTION

Progress is being made continually to improve vaccine
technology. This, together with advances in delivery
methods, could have an increasingly important role in 
controlling infectious disease. Most important, this pro-
gress can lead to less reliance on antibiotics and, ac-
cordingly, lessen the current concerns regarding the 
growing threat of antimicrobial resistance. Unfortunately,
technology is not yet able to produce an effective vac-
cine to control every infectious disease in food animals.
This is especially true for diseases in which multiple
pathogens are involved, such as bovine respiratory dis-
ease complex, or diseases acquired at birth that cannot
be eliminated by simply altering animal management
procedures. A good example of the latter is Streptococ-
cus suis infection in swine. Swine acquire the organism
at birth from the dam. Young pigs are susceptible to both
respiratory and neurological disease by this organism.
To further complicate the control of this organism, there
are over 30 known serotypes. There is currently no 
known common antigen that would be useful as a vac-
cine for all serotypes. In a co-infection model of S suis

5
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and porcine respiratory and reproductive syndrome (a vi-
rus commonly found in conjunction with S suis), the best
means of control was found to be the use of an antibiotic
and not a vaccination

46
.

9. Dho-Moulin M, Fairbrother JM. Avian pathogenic Escherichia coli 
(APEC). Veter Res. (France). 1999;30:299-316.

10. Chapman PA, Ellin M, Ashton R, Shafique W. Comparison of cul-
ture, PCR and immunoassays for detecting Escherichia coli O157 fol-
lowing enrichment culture and immunomagnetic separation performed
on naturally contaminated raw meat products. Int J Food Microbiol.
2001;68:11-20.

CONCLUSION—THE CHALLENGE OF DEVELOPING

NEW VACCINES TO SUPPLANT ANTIBIOTICS

Although it is desirable to control all infectious diseases
by animal management, including vaccinations, effective
methods are not as yet available to do so. Therefore,
prudent use of therapeutic agents, including antibiotics,
will remain an important component of medical man-
agement, not only to control the infection but also to re-
duce suffering and pain in affected animals. The increas-
ing cost of identifying new antibiotics, public concern
over the presence of drug residues in food, and the oc-
currence of antibiotic-resistant bacteria in foods has in-
creased the veterinary community’s interest in develop-
ing alternative methods for preventing infectious
diseases. Successful vaccines will depend on the identi-
fication of more specific protective immunity and on a
better characterization of the important immunogens. In
some cases, it will be more practical to generate subunit
recombinantly derived antigens or nucleic acid vaccines
to control infectious diseases. Many of these newer sub-
unit vaccines will require not only a method of adjuvan-
ticity, but alternative methods of delivery as well.
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