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Principles of vaccine immunity
What is vaccine

Due to the global attention to infectious diseases, focus for 
vaccine development is rising parallelly. From infections that 
existed for decades to the current outbreaks, from local and 
national health of icials to international organs like the World 
Health Organization (WHO), from biomedical students to the 
world class researchers, vaccine and vaccine development 
is being a topic of relief everywhere. Due to variations of 
regulatory lexicons and some differences in medical jargon 
among different areas, there still exist some sort of variations 
of understanding the preliminaries of vaccine including its 
medical taxonomy. Some people say it as vaccine, others as 
immunization and still others, assume it as some sort of 
therapy. Before going further deeper, it is worth to clear those 
fuzzy areas.

Is vaccine a drug? Many people consider vaccine as a 
treatment for diseases. Although vaccines are signi icant 
focus of the medicine as a ield, technically speaking, vaccine 
is way different from treatment – it is a tool that motivates 
and enable body of animals (and humans, of course) from 
diseases of infectious nature [1]. A vaccine “stimulates your 
immune system to produce antibodies, exactly like it would if 
you were exposed to the disease”. This may be translated to 
training the body’s immune system to be able to ight external 
invaders. This is through administration of the same germ 
that causes the speci ic disease we are administering a vaccine 
to. However, they have to be either killed or weakened to the 
point that they don’t make the host sick.

It is due to this fact that vaccines are usually categorized 
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Vaccine production process have been fuzzy journey to the public and, in some degrees, to those in the 
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as biologicals. Biologicals are those medical tools driven from 
or related to living organisms [2]. In the words of the WHO, 
Biologicals are “are those class of medicines which are grown 
and then puri ied from large-scale cell cultures of bacteria or 
yeast, or plant or animal cells” [3]. This suggests us that well-
developed knowledge of the causative agent of the disease we 
are attempting to prevent using vaccine is the fundamental 
prerequisite to think about a certain vaccine. 

 A de inition from Winchester Hospital [4] summarizes our 
explanation:

A vaccine is a biological substance designed to protect 
humans from infections caused by bacteria and viruses. Vaccines 
are also called immunizations because they take advantage of 
our natural immune system’s ability to prevent infectious illness. 
To understand how vaccines work, we need to consider how our 
immune system protects us from infections.

Types of vaccine

As true to other medical supplies, vaccines generally are 
classi ied into several categories based on certain criterial 
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related to the technical process of development or approach, 
formulation and the speci ic source of the substance. 
Veterinary vaccines are not exceptions. They fall into one or 
more of the groups in the said brackets. The classi ication 
is usually for either regulatory purposes or for clarity of 
technical activities in the area [5].

Approach

Regarding the way the scientist approached in the 
development process, vaccines can be either killed or live. 
This decision is reached after answering plenty of technical 
questions such as how the immune system responds to the 
germ? Who is to be vaccinated? And which technology to use 
for that purpose [6].

Liquid and cake

Live vaccines: Sometimes referred to as live-attenuated 
or simply attenuated, these are prepared by weakening the 
germ that causes the infection. These vaccines contain the 
whole germ which is attenuated – hence the term attenuated 
– to the point that it cannot cause disease on a healthy target. 
[7]. Because the germ is viable except weakened, the body 
responds to it as if the bacteria or the virus is actually creating 
disease, hence creating high level of immunity. Because 
of this very background, live vaccines are very strong and 
known to ignite long-time immunity; literally, they are the 
best to prevent infectious diseases in the history of medicine. 
Majority of well-known veterinary vaccines including 
Anthrax, Rabies, Newcastle and Lumpy Skin Disease vaccines 
are known to mimic immunity for a year, years or even for life 
[7-9]. However, they are not without risk. The most serious 
problem associated with them is harassing the immune 
system. Due to underlying illness, drug treatment, pregnancy 
or similar reasons, the immunity of the host might have been 
pre suppressed. In such instances, germs in live vaccines, if 
administered, may multiply in high numbers and cause serious 
diseases [10], suggesting the risk of disease transmission than 
prevention [11].

Another risk is with its handling which should be viewed 
from two important dimensions, the irst of which is the germ 
itself. Some organisms are highly fragile and therefore prone 
to easy destruction with little variations in environmental 
settings. Thus, they are required to be kept under high level of 
precautions including uninterrupted refrigeration – the cold 
chain principle. On the other perspective, some dangerous live 
organism from the vaccine, say B. Anthracis or FMD virus, if 
escaped to the environment, it is obvious that they can cause 
devastation to the animal and human health [12-14].

Inactivated: The whole germ is killed using, usually, heat 
or chemical, hence the term killed vaccine. Because the germ 
already stopped living, killed vaccines can’t mimic as strong 
immune responses as the live ones can. For this reason, several 
doses and boosters may be needed before reaching to the 

required serological level of antibody [15]. This is particularly 
important when dealing with vaccine quality testing using 
live animal challenge test for assuring of the vaccine ef icacy 
[16,17]. Compared to the previous group, they have pros, 
however. First, they are safe. This means that – in principle – 
even immunosuppressed targets can be administered without 
fear of other complications. In practice, however, a chemical 
that are used to inactivate the germ are usually causing shock 
and signi icant level of morbidity and mortality in animals.

Subunit

As the name suggest, vaccines that fall in this class are 
prepared using some portion of the germ that can cause the 
immune response. These types of vaccines do not contain 
any whole microorganism. The parts are the most response 
mimicking portions usually referred to as antigens. Because 
of these characteristics, these vaccines sometimes are also 
referred to as acellular – meaning not containing any whole 
cells, or Puri ied antigens [18-20].

In principle, Subunit vaccines are killed vaccines. The major 
demarcation among them is whether containing the whole 
microorganism or not. Hence, the practical differences lie on 
the safety and immune response initiating ability – antigenicity, 
technically. Only, those parts of the microorganism – the 
bacteria or the virus, are incorporated as part of the vaccine, 
suggesting that all unnecessary artifacts are disregarded from 
introduction to the body of the animal. Therefore, the animal 
will be even safe than being administered killed vaccine 
[6,7,21]. 

But there existed a strong debate whether subunit vaccines 
have better immunogenicity that whole killed vaccines. The 
favor comes from those who believe the extraction of the 
key part helps to concentrate into potent content. However, 
signi icant portion of the literature are against this belief. They 
contend that multiple dose and adjuvant supplementation are 
required to spark immunity [18,20-22].

Still another objection is that they are very costly due to 
the fact that the high level of precision requires huge amount 
of budget and expertise [23,24]. On top of that, the adjuvant 
which is used to increase the potency again in cost [25]– which 
elevates the vaccine budget more.

Based on the substance base of the speci ic antigenic 
portion, subunit vaccines are further classi ied as toxoid 
vaccines, polysaccharide vaccines, conjugate vaccines or 
recombinant vaccines – each with its de initive characteristics 
arisen from the chemical foundation [22,26].

Based on organismal origin

Traditionally, veterinary vaccines are of either viral or 
bacterial – mainly. Yet, the current advancements established 
plant-made animal vaccines [27], insect vaccines [28], and 
cancer vaccines [29], which is radically changing the landscape. 
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This is a revolutionary development which can challenge 
even the very principle of vaccine that contends “vaccines are 
the other forms of antigens which cause the infection”. Each 
has its distinguishing feature which, in turn, determine the 
development process, quality testing technique, and handling 
and administration.

Bacterial vaccines: Bacteria are one of the richest sources 
of vaccine, as they are the major cause of infectious diseases. 
Bacterial vaccines are those derived from Bacteria which 
vaccines can include subunit vaccines as long as they are 
derived from bacteria [30].

The common bacterial vaccines in veterinary settings include 
Anthrax vaccine, Black Leg vaccine and other serious disease 
vaccines. Sometimes, Contagious Bovine Pleuro Pneumonia 
vaccines (from Mycoplasma mycoides) are classi ied, whereas 
other studies have objection with the classi ication.

Bacterial vaccines are very diverse – whole or subunit, 
live attenuated or killed, liquid or lyophilized, polyvalent, or 
monovalent, etc. Despite its popularity, some researchers 
argue that bacterial vaccines, in some extreme cases, can be 
causes of drug resistance. This is in instances when the host 
immune system is weakened and the live bacteria in the vaccine 
multiplied in larger numbers. In such cases, the bacterial strain 
for which vaccine was developed, gains resistance to the drug 
treatments that the host was taking. This thinking, however, is 
dominated by the highly recognizable importance of vaccines 
for drug resistance [31].

Viral vaccines: Viral veterinary vaccines are those 
vaccines from viruses who have veterinary importance. Viral 
veterinary vaccine production was driven by discovery of 
antigen gene discovery [32]; therefore, it is relatively a recent 
development in the area. In practice, veterinary viral vaccines 
are much more available for use than the human side of 
medicine – the reason being unclear [33].

As are Bacterial vaccines, viral vaccines can be live 
attenuated or inactivated [34]. Based on the viral nature, 
viral vaccines can further be classi ied as viral RNA vaccine 
and viral DNA vaccine [35]. This classi ication is based on the 
nature of the virus; RNA virus are those viruses with single 
stranded nucleic acid unlike DNA viruses which have double 
stranded nucleic acid. The common viral vaccine in veterinary 
setting include Rabies vaccine, Lumpy Skin Disease vaccine, 
Pox vaccine and others.

Based on dosage formulation and combination

Liquid versus cake: Cake vaccines are freeze died vaccines 
or lyophilized vaccines. They are usually in solid state and 
they are required to be reconstituted before administration 
to the target animal. The lyophilization process requires 
strong precautions and high cost technology – basically, the 
lyophilizer. The common vaccines in this category is Anthrax, 
among others.

On the other hand, liquid vaccines are those vaccines with 
liquid state presentation. Usually, vaccines in this category 
are killed (although live liquid vaccines are available). This is 
mostly pertinent to the liquid chemicals used to inactivate the 
pathogenic microorganism – usually formalin.

Monovalent versus polyvalent

Sometimes target pathogens can be found to be subdivided 
into serotypes which individually cause speci ic diseases. 
Polyvalent vaccines are mixed serotype speci ic immunogens, 
to as to achieve broader protection [36,]. Sometimes the 
scope of polyvalent vaccine goes far beyond serotypes of a 
certain bacteria. Microorganisms with similar characteristics 
sometimes cause diseases which are preventable with a 
polyvalent vaccine. However, this must not be confused with 
vaccine combination, which is a different concept.

On the other hand, monovalent vaccines are vaccine that 
target to a single individual disease that is caused by a certain 
pathogenic microorganism [37].

Vaccine development process

Vaccine development requires completion of lots of 
processes which make the process complex, twisty, and 
lengthy. Sets of activities in assessment of the priority 
areas, basic laboratory research, clinical research, and pilot 
production, full scale production, and post clinical assessment 
all makeup the helical journey of vaccine development. The 
process begins with years of research in laboratories aiming to 
ensure the next work is supported by theoretical reality [38]. 
In fact, vaccine development is a multidisciplinary process 
with plenty of nodes across the way. In practice, the stages of 
vaccine development are not neatly divided and not orderly 
staked, either. More to that, type of vaccine, status of the 
target disease, national policies and regulations, technological 
capabilities add to the complexity. 

Due not only to the high recurrence of infectious pathogens, 
but also to the economic implications of vaccine, countries 
are entering to its attention, and setting standards for their 
projects. Recently, the UK Vaccine Research and Development 
Network developed a veterinary vaccine development 
process map which includes ive broad segments – each with 
complicated activities requiring multidisciplinary involvement 
for veterinary vaccines [39]. The map (Figure 1) summarizes 
the process from the clinical and regulatory perspective.

Target Product Pro ile (TPP) is all about the project plan 
and foundation establishment. It is a strategy setting stage 
where goals are set, team characteristics are speci ied, and 
work low developed along with all the inancial and other 
resources. According to the network, a well-developed TPP 
should beware of, at least, the following checklist: 

Project title 

Target Antigens 
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Objective/Indication for use (usage scenario- emergency/
reactive or prophylactic/ preparedness, risk/bene it 
pro ile, etc.) 

Disease Prevention Claims (prevent/reduce, clinical signs/
infection)

Target Species (the target species, and sub-category), 
Minimal Age for Vaccination

Dosing Schedule (single/multiple doses, time between 
doses, booster requirements etc.) 

Route of Administration (injectable - intramuscular/
subcutaneous, non-injectable, oral delivery etc.) 

Onset of Immunity, Duration of Immunity, Safety Claims 
(e.g. safe in pregnant animals, safety in lactation or lay)

Adverse Reactions (swelling at vaccination site, side 
effects, frequency, etc.)

Product stability and storage (shelf life, temperature 
requirements, preservatives, necessity/desirability/ability
to stockpile etc.)

Withdrawal Period, Immunological Properties (mode 
of action), Co-administration with other vaccines 
(interference with other vaccines etc.)

Interaction with other medicinal products, Presentation 
(liquid/lyophilized, mono-dose/multi-dose, dosage volume 
etc.)

Formulation (vial size, concentration, ill volume etc.)

Production (number of doses required over what period 
of time, ability to scale up/out, high/low volume supply, 
affordability etc.)

Registration Strategy (type of license), Marketing 
attributes (Understanding the level of commercial interest, 
competitive advantage relative to competitor products, 
cost to produce versus anticipated sale price etc.)

  Post marketing surveillance (monitoring of safety, 
protection of the target population, vaccine breakdowns, 
etc.)

The next stage, which the Network refer to as Discovery/
Feasibility, is a more complex dive where multiangle evaluation 
of the process is performed regarding its inancial, technical, 
regulatory, and biomedical soundness of the process (Figure 2). 
It is a kind of feasibility study which tries to ensure that the 
project is worth of further effort and investment. It is base for 
the next phase which is a gradual dive into the actual lab work.

The third step in the map is early phase development 
which is the actual development work. Budding out from the 
discovery phase, this phase goes from Lead identi ication all the 
way through to the ield trial application. lead identi ication, 
lead development, re-cloning strain development and antigen 
presentation, vaccine characterization, formulation and 
adjuvantization, process development, in vivo and in vitro 
ef iciency tests, quality control and stability testing are all in 
this phase.

The fourth phase is the late phase development and reg-
istration. It is a broad categorization of activities incorporat-
ing several steps in trial and legalization process. Here, safety 
management related activities and immunogenicity assess-
ment are performed along with scaling and manufacturing 
procedures.

The ifth phase is of regulatory aspect. Based on the UK’s 
perspective, the Network describes the ethical and corporate 
procedures the projects should meant to have. This is common 
to other countries with slight differences. The FDA of the 
United States, APVDFQAC (Animal Products, Veterinary Drugs 
and Feed Quality Assessment Center) of Ethiopia, and other 
respective bodies of other countries do the same regulatory 
framework in their own settings. Almost all countries across 
the globe has lengthy and strict regulation towards the process, 
suggesting that vaccines are not approved as demanded and 
this leads to imbalance. 

Figure 1: Veterinary Vaccine Development Process Map. Source: Vaccine Research & Development Network
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The Canada government set out a three-stage process 
framework for development of both human and veterinary 
vaccines. In the irst stage where they focus on prioritization 
and foundation setting, priority setting regarding the risks 
associated with human and animal health, antimicrobial 
resistance and the disease burden are required to be 
considered. On the second stage aims at current pertinent 
threat in the country and technological possibilities to go 
through. And in the inal stage, issues related to clinical and 
safety aspects considered [40].

More to that international organizations such as the World 
Health Organization (WHO), the World Organization for 
Animal Health (OIE), the Center for Disease Control (CDC), 
and Food and Agriculture Organization of the United Nations 
(FAO) set standards and recommendations on vaccine 
development and regulation [41-43].
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