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ABSTRACT

Vaccines are all biological substances produced from living things, administered to trigger the host’s body defense 
system to develop immunity against a specific pathogen from which they are produced. They are produced either 
from the whole organism or parts of it. There are several types of vaccines like live virulent, live attenuated, inactivated 
(killed), subunit, toxoid, sero-vaccine, and autogenous vaccine. Vaccines work by stimulating either humoral or cell-
mediated immunity or both to differentiate. Even though vaccination is the powerful and cost-effective weapon of 
disease prevention and control of infectious and diseases, there are factors those, hinder its effectiveness (constraints 
of vaccine effectiveness). These factors are technical constraints, pathogen-related constraints, vaccine related factors, 
host-related and environmental and management-related constraints. While planning a vaccination regimen, it is 
important to test the potency of the vaccine, whether it much with circulating serotype, availability of cold chain 
and skilled manpower, the status of the target group, whether condition. Vaccine epidemiology, the study of 
vaccine interactions and impacts on the epidemiology of vaccine-preventable diseases also has an impact on vaccine 
effectiveness. it includes basic reproductive number, the force of infection, herd immunity, and epidemiologic shift. 
Some review papers mostly deal with constraints of specific vaccines and species of animals and with a specific 
constraint of the vaccine. However, the papers which review all common constraints of vaccine are limited. Therefore, 
this review paper is to address the most common constraints on the effectiveness of vaccines in all animal species and 
to highlight on evaluation of vaccine effectiveness and epidemiology.
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Abbreviations: APCs: Antigen Presenting Cells; BCG: Bacillus of Calmette and Guerin; CDV: Canine Distemper 
Virus; FeLV: Feline Leukemia Virus; Hib: Haemophilus influenzae-b; HPA: Highly Pathogenic Avian Influenza; IIV: 
Inactivated Influenza Vaccine; LAIV: Live Attenuated Influenza Vaccine.

INTRODUCTION

The phrases vaccine and vaccination are derived from Variolae 
vaccinae (cowpox), a name coined by Edward Jenner (who invented 
the first vaccine as well as the concept of vaccines) to describe 
cowpox. In 1798, he coined the expression to describe the protective 
effect of cowpox against smallpox in his Inquiry into the Variolae 
vaccinae known as the Cowpox [1]. To honor Jenner, Louis Pasteur 
proposed in 1881 that the words be extended to include the new 
defensive inoculations that were being developed at the time [2]. 

Because it was originated from a virus that affects cows (Latin: 
Vacca ‘cow’), the immunization was given the name vaccination 
[3]. Edward Jenner’s discovery of vaccinology in 1796 was the first 
scientific-methodical examination of cowpox vaccination, but 
numerous variants in technique were used in Central Asia, China, 

and Turkey by utilizing dried pus from smallpox skin lesions. 
Jenner’s cowpox vaccination process was introduced into Japan in 
the Edo Period, and practitioners of herbal traditional medicine, 
studying western modern medicine, intended to employ Jenner’s 
cowpox vaccine as a prophylactic procedure for smallpox [4].

Vaccines are crucial in the prevention and control of the disease. 
Infectious illness mortality and morbidity have been steadily 
decreasing thanks to vaccines. In many countries, vaccination is 
an important part of commercial disease management programs 
since it is the most cost-effective way of preventing and controlling 
the spread of economically important diseases including Marek’s 
disease, Newcastle disease, FMD, Rabies, and others [5].

Vaccines can include the complete disease-causing microbe or just 
a portion of it. They can be made from living organisms that have 
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been weakened, usually through growing under less-than-ideal 
conditions (also known as attenuation), or via genetic modification 
that reduces their potential to cause disease. Others come from 
inactivated complete organisms or components of the disease-
causing organism, such as particular proteins and polysaccharides, 
or nucleic acids. Inactivated toxins from toxin-producing bacteria 
and the linking (conjugation) of polysaccharides to proteins (which 
improves the efficiency of polysaccharide vaccinations in children) 
are other sources [6].

According to Day et al. [7] there are several vaccine formulations 
available in the field of veterinary medicine, used for immunization 
of both infectious and non-infectious diseases. These are live 
virulent, live attenuated, heterologous, killed, subunit, marker 
vaccines, and naked DNA vaccines, and recombinant organisms.

Veterinary vaccinations are believed to be available for around 400 
diseases affecting mammals, birds, and fish, as well as farm animals, 
pets, and wildlife [8]. When used in conjunction with other 
control methods like quarantine and movement control, culling, 
improved producer and trader knowledge, improved sanitation 
and husbandry, improved biosecurity (both bio exclusion and 
biocontainment), and improved food safety, important diseases of 
the animals can be eradicated by vaccination [9].

The major goal of livestock vaccinations, on the other hand, is to 
boost total production for primary producers, and the cost-benefit 
analysis that results from vaccination is the industry’s bottom line. 
The fundamental purpose of zoonotic or food-borne infection 
vaccination is to reduce or eliminate consumer risk and, in some 
situations, to improve individual animal productivity. Vaccination 
of wildlife is usually only addressed for infections that can be 
transmitted to humans (zoonotic illnesses), though animal welfare 
is becoming more important [10].

“Ideal” immunity not only defends against clinical disease 
(morbidity and mortality), but it would also prevent infectious 
organisms from infecting, replicating, spreading, or progressing. 
Some vaccines are capable of providing this level of protection. 
Some, on the other hand, may just reduce morbidity and/or death 
without resulting in sterilization [11].

Vaccine failure and protection are two sides of the same coin [12]. 
Infield conditions, vaccine effectiveness is defined as a reduction 
among risk in vaccinated persons compared to similarly exposed 
unvaccinated persons It is determined not only by the vaccine’s 
initial (intrinsic) quality as supplied by the manufacturer, but also by 
extrinsic factors including vaccine storage and distribution, vaccine 
match, vaccination schedule, and, indirectly, vaccine coverage [13].

According to Crowkraft et al. [12], vaccine effectiveness and vaccine 
efficacy, are two distinct concepts that are frequently confused 
in the literature. Vaccine efficacy is the proportional reduction 
in infection in a vaccinated group compared to an unvaccinated 
group under optimal conditions such as a randomized controlled 
trial, whereas vaccine effectiveness is the proportional reduction 
in infection in a real-world immunization program delivered with 
normal storage and administration processes to an unselected 
population.

A vaccine’s ability to prevent disease is dependent on its potency 
and proper administration to people who are capable of responding 
to it [14,15]. Vaccine failure occurs when an individual is fully 
vaccinated but contracts an infection or sickness. It is either primary 
(infection or disease in a fully vaccinated individual who failed to 

mount an immune response to the vaccine) or secondary (infection 
or disease in a fully vaccinated individual who mounted a normal 
immune response to the vaccine (which may or may not have been 
measured) but whose immunity has since waned) [12,15]. Some 
review papers mostly deal with constraints of specific vaccines and 
species of animals and with a specific constraint. However, the 
papers which review all common constraints of vaccine are limited. 
Therefore, this review aims to highlight vaccine epidemiology, 
evaluation, and the most common constraints on the effectiveness 
of vaccines in veterinary service.

EPIDEMIOLOGY OF VACCINE

The study of vaccination interactions and their effects on the 
epidemiology of vaccination-preventable diseases is known as 
vaccine epidemiology. Illness burden and immunization coverage 
are linked using epidemiological ideas such as detecting disease 
trends based on geographical, management, and sex disparities. 
When should the mass vaccination campaign take place? What 
age group should mass campaigns be aimed at? Where should 
immunization programs concentrate their efforts? What causes 
epidemics in the first place? Why do some youngsters appear to 
be immune to illness while not having gotten any vaccinations? 
Understanding vaccine epidemiology has the potential to save 
more lives and improve people’s health around the world. Vaccine 
epidemiology is crucial for a variety of reasons, including expanding 
vaccination advantages to new populations and selecting vaccine 
target groups [16]. 

Basic reproductive ratio

The basic reproduction ratio (R
0
) for every infectious disease is a 

measure of a pathogen’s transmissibility, representing the average 
number of new infections caused by an infectious person in a 
community of completely naive individuals. For R

0
>1, the number 

of infected people is expected to rise, but for R
0
 1, transmission 

is likely to stop. The basic reproduction number is a key notion 
in infectious disease epidemiology, showing a disease’s risk of 
spreading epidemics [17]. The estimated number of hosts infected 
after one generation of the parasite by a single infectious person 
who was introduced into an otherwise naive population is known 
as R

0
 [18]. The epidemic threshold parameter aids health providers 

in calculating coverage (the degree of vaccination coverage/portion 
of the population vaccinated) and guiding them through the 
vaccination strategy planning process [19,20].

Force of infection

The “power or rate of infection” determines the likelihood of 
becoming infected. The number of infectious individuals present, 
the rate at which they come into touch with one another, and 
the infectiousness of those persons are all factors that go into 
determining the magnitude of infection. Because transmission is 
a dynamic process, the force of transmission will alter over time 
[16,21]. To make informed vaccine policy decisions for vaccine-
preventable diseases, a thorough understanding of disease 
burden and transmission patterns will be necessary [22]. As long 
as the transmission rate is larger than the removal rate, infected 
people reproduce at a higher rate than those who recover (basic 
reproduction number). This has an impact on vaccine effectiveness.

Herd immunity and herd effect

Herd immunity is defined as “the proportion of subjects in a 
population who have immunity.” This distinction is made between 
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herd immunity and the “herd effect,” or the indirect defense 
observed in the unimmunized section of a population in which a 
high proportion is immunized. It refers to the reduction in illness 
or sickness among the unvaccinated population as a result of 
immunizing a subset of the population” [23]. When a high number 
of animals in a group or community are resistant to an agent, the 
chances of diseased and susceptible individuals interacting are 
lowered [18]. This population-level impact is frequently discussed 
in the context of vaccination programs, which aim to develop herd 
immunity in animals that cannot be vaccinated, such as the very 
young and immune compromised [24]. 

Selective vaccination of groups that are critical in transmission 
can delay transmission in general populations or lower incidence 
in population segments that are at risk of serious infection 
consequences. The potential for “transmission-blocking vaccines” 
is an especially intriguing example of using vaccines to limit 
transmission [25]. For certain disease life cycles to propagate 
efficiently, a certain portion of the population must be vulnerable. 
If the proportion of the population that is resistant (through 
vaccination or spontaneous infection) approaches the threshold, 
the pathogen’s occurrence will drop. This is known as the ‘herd 
immunity threshold,’ and it emerges because a fraction of the 
vulnerable population receives ‘indirect protection’ from the 
immunization of those in their immediate vicinity. Individual 
immunity has a significant impact on pathogen evolution and 
host health. Individual immunity has an impact on disease 
transmission dynamics and the efficacy of vaccination campaigns 
for entire host populations, which is important to note [26]. The 
infectious agent’s transmissibility, the essence of the vaccine’s 
immunity, the pattern of mixing and infection transmission in 
populations, and, most importantly, the vaccine’s and immunity’s 
distribution throughout the population all influence the size of 
the indirect impact of vaccine-derived immunity (Figure 1) [25]. 

The herd immunity threshold is calculated by the formula 1–1/R
0
, 

where, R
0
, is the basic reproduction number. For instance, if R

0
 is 

3 the herd immunity threshold is 0.667, which means 67% of the 
population is needed to stop disease spread. As a result, the more 
communicable a pathogen is, the higher its R

0
 and the bigger the 

fraction of the population that must be immune to prevent long-
term transmission [24].

Epidemiologic shift or transition

A transformation in the pattern of disease in a community is referred 

to as an “epidemiological shift” or “transition.” The individual 
characteristics of the disease are affected by changes in the age of 
occurrence and severity of diseases, as observed in populations with 
incomplete immunization coverage or vaccine coverage for specific 
age groups alone [16,27,28]. It’s especially important in diseases 
like pneumococcal illness, where numerous serotypes are linked to 
the disease, and vaccines targeting a single serotype can contribute 
to the creation of new serotypes. An epidemiological shift or 
transfer could have an impact on the immunization program’s 
benefits. This highlights the significance of regularly monitoring 
epidemiological improvements in immunization programs and 
taking corrective action when necessary [16].

EVALUATION OF VACCINE EFFECTIVENESS

Vaccines affect both people and populations. Susceptibility 
[29], Infectiousness (VEi), and illness progression (biological 
or individual level effect) are all influenced by vaccines. The 
“population-level impacts” of vaccination are dictated by vaccine 
coverage and distribution, as well as how well different groups 
blend. The biological and behavioural effects of the vaccine may 
be to blame for these side effects. The effect of both the vaccinated 
and unvaccinated populations determines the overall effects of 
vaccination programs on public health [16].

There are at least three forms of vaccine consequences at the 
population level as a result of this: The immediate outcome is a 
reduction in the probability of developing the disease by comparing 
vaccinated and non-vaccinated animals from a population that has 
the same immunization programs aimed at eliminating program-
specific effects from the same population [30]. Indirect influence: 
The influence of extended immunization on animals that do not 
get the vaccination at the community level. Vaccination of one 
animal can prevent infection of another, either by preventing the 
first animal from being infected and infectious for the second 
or by making the pathogen less communicable even if the first 
animal developed the disease. The former of these mechanisms is 
known as the contagion effect, while the second is known as the 
infectiousness effect [16].

According to Lahariya and Weinberg et al. [16,31], observational 
research in the field of a vaccination program or experiments 
performed under standard program conditions is used to assess 
vaccine efficacy. It is based on internal or individual variables, such 
as the existence of maternal antibodies at a level that can neutralize 
the vaccine, maturity of the immune system of the vaccine recipient, 
and the antigen load and strain of pathogen in the vaccine; for 
example, the effectiveness of the measles vaccine is based on the 
presence of high level of maternal antibodies, the maturity of the 
immune system of the vaccine recipient, and the antigen load and 
strain of the virus in the vaccine [32]. The mathematical expression 
of the ability of vaccine protect from infection was proposed by 
Greenwood and Yule in 1915 for inactivated whole-cell cholera and 
typhoid vaccines and used nearly 100 years ago [33].

                    VE (%)=(RU-RV)/RU × 100

                       Where, VE=vaccine efficacy

                        RU=the or attack rate in unimmunized animals and

                        RV=the rate of disease occurrence or attack rate in 
vaccinated animals

According to Thomas et al. [21], vaccine effectiveness is the 
cumulative result of the reduction in the expected clinical events 

Figure 1: The relationship among the herd immunity and transmission 
rate. Note: ( ) Unsuccessful transmission; ( ) Successful transmission
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that might be associated with the disease. Observational studies like 
Cohort studies, case-control study and screening are used to assess 
vaccine effectiveness. Retrospective case-control analysis is the most 
commonly used study design to assess a vaccine’s effectiveness and 
the odds ratio obtained in the study (Retrospective case-control 
analysis) is used in the formula to deduct vaccine effectiveness, as 
follows:

                               Vaccine effectiveness=(1-OR) × 100 

                                      Where OR=Odds Ratio

CONSTRAINTS OF VACCINE EFFECTIVENESS

Vaccines are typically very effective but permanent and complete 
protection from infection is rare. Problems with either client 
education or compliance with good animal management 
practices are one of the causes of vaccine failure to protect from 
disease. Vaccine effectiveness is determined by several factors. It 
is constrained by the vaccine, pathogen, host, environment, and 
vaccination technique-related factors [34].

Technical constraints

Failure of selection of appropriate vaccine and using the expired 
vaccine: It is important to assess the various options in terms of 
purity, safety, potency, subtype, thermo-tolerance, ease of use, labels 
and instruction sheets in local languages, availability, registration 
status, and vaccine ability to provoke an immune response that can 
be differentiated from that generated in response to infection with 
field strains [35]. It is also important to know the prototype of the 
pathogen circulating in the area to which the vaccine regimen to 
be started in the case of pathogens having more than one serotype 
with no cross-reactivity among the serotypes [36]. 

For example, the period 2013/2014 to 2015/2016, in the United 
Kingdom, like the USA was dominated by circulation of A(H1N1) 
pdm09, followed by drifted A (H3N2) and A (H1N1) pdm09, 
respectively, together with Influenza-B each season. During the three 
seasons in the UK pediatric program, the overall live attenuated 
influenza vaccine (LAIV) was effective 53.1% (significant), for 
both laboratory-confirmed and influenza B infection in the UK 
was but the effectiveness for inactivated influenza vaccine (IIV) 
was 31.5% (non-significant). The live attenuated influenza vaccine 
(LAIV) effectiveness was significant vaccine effectiveness against 
both laboratory-confirmed A(H3N2) and influenza B infection 
but effectiveness against A(H1N1) pdm09 was moderate although 
non-significant. Conversely, at the same season, IIV showed an 
insignificant effect against influenza B or A(H3N2) but a significant 
effect (100%) against A(H1N1) pdm09 [37]. Botha [38] and 
Heininger et al. [39] showed that the shelf life of the vaccine has 
an effect on its effectiveness and vaccine loss potency before expiry 
date with mishandling so, vaccines are best when used before the 
expiry date provided by the manufacturer along with proper storage 
and transportation and ineffective when used after expiration.

Defect in vaccination technique and route

The technique used to vaccinate the victims greatly influences both 
the cost and the effectiveness of the vaccination programs [35].

Handling: Mishandling of vaccine in either a storage or application 
were speculated to be the actual cause of vaccine failure especially 
live vaccines, which result in killed or destroyed vaccine (e.g., live 
cell-mediated Marek’s disease vaccines) [40,41].

Diluent used: Water sanitizers destroy live vaccines when given in 

drinking water if not removed before the vaccine is added [42].

Associations: Vaccination with unrecommended live virus vaccines 
that have the same target tissue affect the immune response for 
individual vaccines by overwhelming the function of the immune 
system [43].

Route: The route of vaccination is the major problem in mass 
vaccination and when vaccinators do not deliver the vaccine to the 
appropriate vaccination site shown by manufacturers of the vaccine 
(drinking water and aerosol) in the former their uniformity and the 
subsequent result are lower than individual administration[44,45].

For instance, Giri et al. [46] showed the variation in protective 
efficacy of BCG (vaccine against tuberculosis) when administered 
by different route by evaluating the bacterial burden in the 
lungs and spleen of mice by inoculating with Mycobacterium 
tuberculosis H37Rv after BCG vaccinating through intranasal 
(I.N) and subcutaneous (S.C.) routes. The mice developed 
significant immune responses at the local level (mediastinal lymph 
nodes, cervical lymph nodes, and lung) with intranasal BCG 
vaccination than S.C BCG immunization. Further, there was 
a significantly higher reduction in bacterial load in the lungs of 
mice with I.N vaccination than S.C. BCG vaccination, whereas, 
the bacilli load in the spleen was comparable in both the groups. 
Hence, intranasal vaccination of BCG is the preferable route for 
pulmonary tuberculosis. Also, in fishes, oral vaccination results in 
a smaller immune response, in which the vaccine is degraded in 
hindgut and lymph nodes and a small amount of vaccine absorbed 
and in immersion if the temperature of the water is low, diffusion 
of vaccine reduced leading to lower dose absorption [47].

Problem in vaccine conservation and distribution

Vaccine instability is frequently a major issue during clinical 
development (from lab to clinic) and commercial distribution 
(production to the patient) [48]. On exposure to temperatures 
outside of the recommended narrow range, 2°C-8°C recommended 
by WHO vaccines lose potency faster, while the exposure to heat is 
bad for almost all vaccines, exposure to freezing is equally damaging 
for the freeze-sensitive vaccines such as diphtheria, Hepatitis B, 
pertussis, tetanus toxoid, liquid Haemophilus influenzae-b [41], and 
killed poliovirus making them inactive. On exposure to freezing 
temperatures, the adjuvants in these vaccines clump together, 
which adversely affect the immunogenic potency [49].

Heat sensitivity is common in live attenuated vaccines during 
long-term storage in the solid-state and during short-term storage 
preparatory to injection. As a result, the vaccine cold chain must be 
carefully maintained for these vaccinations. Inactivated and subunit 
vaccines, on the other hand, are more stable and are usually created 
as liquids, but they might be frozen sensitive and lose effectiveness 
during storage and delivery [48]. Cold chain requirements are a 
significant financial and logistical burden, particularly in developing 
countries where refrigeration and electricity are limited. As a result, 
nearly half of all global immunizations are lost, resulting in the use 
of inefficient, sub-therapeutic doses [50].

Missing annual revaccination or booster dose

Booster doses of vaccine are frequently recommended by vaccine 
producers after an initial course. Most of the time, this advice is 
based on their own duration of immunity tests, which show that 
animals given a primary round of immunization are immune 
when challenged for 12 or sometimes 24 months, primarily with 
inactivated vaccines [51,52]. For example, observation shows that 
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antibody levels persist for three years after vaccination against the 
canine virus, therefore vaccination is not required before three 
years, but revaccination (booster dose) is required after that. The 
excessive time between the first and second (booster) doses reduces 
the secondary antibody response, as well as the length and quality 
of the resulting immunity [53]. The first dose primes the host’s 
immunity, which is then completely enhanced by the booster 
dose. As a result, vaccination failure occurs when a booster dose is 
missing [54]. For example, because small, young fishes’ immunity is 
underdeveloped, vaccination by immersion does not provide long-
lasting protection, hence revaccination is required [55]. 

Wrong timing of vaccination

Mainly during winter seasons, vaccination of animals in the hot 
hour of the day when animals feel stressed, this, in turn, affects the 
function of the immune system of the animals, so does not respond 
efficiently, instead, vaccine may result in disease and subsequent 
vaccine failure. Therefore, the regimen must be in the morning and 
later time of the cold hours when animals feel comfortable [54,56].

Insufficient vaccination coverage and inadequate dosage

It is mandatory to vaccinate as many animals as possible within 
a herd or population. This is related to the concept of ‘herd 
immunity,’ in which a particular degree of vaccine protection 
(usually reported as 75% of a human population) lessens the risk 
of disease endemics. Infectious illnesses may re-emerge if vaccine 
coverage in a population falls below this level [57]. Even though 
the vaccine efficacy is very high, its effectiveness is affected by 
vaccination coverage. Van Boven et al. [58] shows that the overall 
incidence rate is substantially lower in the vaccine group than in 
the placebo group, hence there is an inverse link between vaccine 
coverage and effectiveness. With great vaccination coverage and low 
transmission, the incidence rate of placebo becomes very low [59].

If an optimal dose is not injected into animals, the vaccine does not 
produce a fruitful result, overdosage leads to detrimental reaction 
(mainly live vaccines, require fewer dose) and under dosage (mainly 
killed vaccines, need higher dose) contain low antigen thus, does 
not stimulate the immune system and both culminate in vaccine 
ineffectiveness. The use of chlorine-containing water for vaccination, 
presence of antimicrobials in the water used and use of vaccine 
beyond the number of animals allowed by the manufacturer are 
among factors resulting in suboptimal dosage [54]. It is common in 
poultry vaccination in mass vaccination through drinking water, in 
which all birds do not take the optimal amount of the vaccine and 
spray in which the temperature and humidity of the room, water 
used, and the size of the particle affects the amount of vaccine 
absorbed [60].

Insufficient time between vaccination and exposure

Vaccination does not confer instantaneous immunity. The body of 
an animal takes days to weeks if not longer, to respond to a vaccine. 
It can take up to two weeks following the second immunization 
in a series for some vaccinations to provide effective immunity. If 
an animal is exposed to a disease before a vaccine has had time to 
stimulate the body’s immune system, the animal is susceptible to 
the disease [53].

Pathogen related constraints

Antigenic shift and drift and pathogen evolution: Antigenic shift 
is associated with major changes and generally occurs through 
horizontal gene transfer when a single host co-infected with more 

than one strain of a single pathogen, while, antigenic drift refers to 
relatively minor changes in surface structures that occur through 
point mutations both results in antigenically novel pathogen 
[61]. The virus that has undergone antigenic shift remains prone 
to antigenic drift. Due to genetic mismatch between the vaccine 
strain and the infective strain, an antigenically drifted or shifted 
strain can result in reduced vaccine effectiveness (though not all 
drifted strains evade vaccine-induced immunity in the population), 
as demonstrated by numerous studies documenting vaccine 
effectiveness against drift variants and well-matched viral strains 
[62-64]. 

In-host evolution of pathogens can provide severe hurdles to vaccine 
development, as seen in the human immunodeficiency virus. As 
observed in the situations of influenza and dengue fever, several 
diseases have complex patterns of strain evolution and recurrence 
in which previous immunity influences vaccine response [65]. 
Prior immunological responses to vaccination or infection might 
diminish the immunological response to later vaccinations (a 
process known as “original antigenic sin” or “antigenic seniority”) 
[12,66].

Vaccine related factors

Vaccine quality and degree of attenuation: The efficacy of 
vaccines is influenced by their quality (e.g., potency). Vaccines 
normally function better in the lab than in the field because the 
settings are cleaner, and the animals used in research are frequently 
devoid of specific pathogens and have not been exposed to other 
immunosuppressive substances [39]. There is a need to develop 
ways to directly test the antigenic content of vaccines and to 
create guidelines for the minimal amount of antigen in a vaccine 
so that vaccine batches can be evaluated without challenge trials 
[67]. Normally, virulent live organisms are not utilized as vaccines 
because they have been attenuated. The pathogen loses its virulence 
not just to cause disease but also to prompt the immune system to 
respond to the vaccine if the attenuation degree is very high [53].

Vaccine serotype

In the case of pathogens with more than one serotype (e.g. 
infectious bronchitis virus), vaccine strain does not protect from 
all field strains of the same pathogen and the protection level of 
vaccine is low when it is highly attenuated and/or the pathogen 
is highly virulent [45]. Some serotypes are more common in one 
place than others. Any area’s disease-causing agents and serotypes 
are critical for vaccine development. The foreign vaccine may not 
contain serotypes same as the field strain and disease outbreaks 
can occur if local vaccine antigens are not used, so vaccines must 
comprise all probable locally circulating serotypes of the infectious 
agent [54,68].

Direct exposure to sunlight

It has been established that vaccines are transported in the same 
manner as other drugs and that direct sunlight emits UV radiation 
that is lethal to live vaccines. This causes antigens in vaccine vials to 
die or be destroyed, reducing the number of viral antigens (antigen 
load), and ultimately rendering the vaccine ineffective [69].

Using polyvalent vaccines

Polyvalent vaccines are those protecting against several infectious 
diseases, as such, they are all-in-one vaccines. These vaccines 
culminate in vaccine failure by causing immunosuppression 
which may occur as a result of antigen overload or of one antigen 
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component of the vaccine preventing the immune system from 
responding to another component which is termed vaccine 
interference [70,71]. When utilizing multi pathogen or multivalent 
vaccinations, the various components interact with one another, 
resulting in an inappropriate immune response. This can include 
antagonistic or synergistic effects, antigenic competition, and/or 
epitope suppression. Overburdening the immune system is another 
term [72].

Adjuvant used in vaccine

To elicit an appropriate immune response, all non-living vaccines 
need an adjuvant [73]. It’s also been observed that the adjuvant in 
non-living vaccines can create an allergic reaction in the patient 
and prevent the immune system from producing a response to the 
vaccine [74,75].

Host related factors

Maternal antibody: During the perinatal stage, new born animals 
receive immunoglobulins from their mothers. For a few weeks, 
the mother’s antibodies circulate in the blood of the infant. The 
maternal antibodies are too low to provide disease protection yet 
too high to allow vaccination to act for a period of days to weeks. 
This period is known as the susceptibility window [53]. When 
animals are vaccinated (especially with live vaccine) in the first two 
weeks of the age when antibody found at a high level in the body, 
the vaccine is neutralized and result in vaccine failure [45].

Most maternal antibodies have a decay half-life of 16 to 28 days; 
during this time, antibody levels often decay to a level that is still 
high enough to prevent vaccine responses but not strong enough 
to withstand a field infection, allowing infecting organisms to take 
advantage of a window of opportunity [76]. Due to factors like the 
amount of antibody in maternal colostrum and the amount of 
colostrum consumed and absorbed by individual young animals, 
the timing and duration of the ‘window of sensitivity can vary 
greatly between individual animals and even across animals within 
the same litter. As a result, individual animals from the same litter 
had different responses to immunization. For instance, one animal 
in a litter may have a ‘window of vulnerability between ten and 
twelve weeks of age, whereas another, who had less colostrum or 
of lower quality colostrum, may lose maternal protection early and 
have a ‘window of susceptibility between six and eight weeks of age 
[57].

Immune status of the target group animals

Considering or checking the health status of the animal before 
vaccination is highly important. In sick and ill animals, vaccination 
may not be effective; instead, a vaccine reaction may ensue, resulting 
in more stress and a higher rate of morbidity and mortality. 
Furthermore, any other illness condition could lead to vaccination 
failure. When animals become morbid due to the same disease 
for which vaccination was administered, vaccine failure occurs 
because antibodies created against the pathogenic agent neutralize 
the vaccine antigen, causing a reaction in the animals’ bodies, and 
immunization may worsen the disease’s condition [54].

Animals’ specific and non-specific immune responses are negatively 
affected by secondary immunodeficiency associated with various 
concurrent viral and parasite illnesses. Immunosuppression can be 
the cause or result of any endo-parasitosis. Various variables, such as 
the animal’s surroundings, stress, nutrition, chemotherapy, surgery, 
or long-term antibiotic treatment, cause leukogram disruption and 
subsequent immunosuppression, resulting in the animal’s failure 

to respond to immunization.

Genetic factor

Vaccine responses vary depending on the species or commercial 
hybrids [45,77]. The immune system is in charge of surveying, 
identifying, and responding to an exposure. Recognition of foreign 
and hazard signals stems from the ability of antigen-presenting cells 
(APCs) to expose specific pathogen-derived peptide-binding groove, 
and the genetic constitution of the individual determine it. Thus 
there is great genetic variation among the population resulting 
in varied responses to vaccination (failures) [78]. Overall, genetic 
factors play important roles in regulating responses to vaccines, and 
identification of the genes involved in the responses will likely help 
in effective vaccine development [79].

Environmental microbiota

Increasing data suggest that early life exposure to microbial 
flora promotes immune system expansion; consequently, the 
microbiological environment into which a newborn is born has 
a significant impact on immunological development and, as a 
result, subsequent ability to make appropriate responses [80]. 
Studies showed that environmental exposure influences the animal 
body microbiota, and this affects vaccine immune responses. For 
example, gut microbiota influence the growth and differentiation 
of gut epithelial cells and play a pivotal role in nutritive, metabolic, 
immunological, and protective functions [58].

Average age of the animals to be vaccinated

With aging, both the immunological and endocrine systems 
undergo significant changes, including a decrease in the ability 
to mount suitable antibodies, reducing vaccine efficacy. Innate 
immune cells’ functional capability deteriorates. Dendritic 
cell phagocytic capability is reduced, which affects antigen 
presentation and adaptive immune system activation [81]. Aging 
is linked to deterioration in immunological capabilities, leading to 
immunosenescence, as a result of changes such as a drop in the B 
and T cell repertoire, as well as a drop in the naive cell pool, while 
memory and terminally differentiated T effector cells of limited 
diversity rise. As a result, the vaccine’s antigenicity is low, and its 
efficiency is reduced [82].

Vaccine effectiveness is affected by the age at which the animal 
receives the vaccine. The age at which the last vaccination was 
given to the children before they became ill was found to be a 
major risk factor for immunization failure. For example, there was 
a considerable negative connection between vaccination failure 
and age at last immunization previous to sickness. The later a 
puppy gets this last immunization, the smaller the chance of the 
canine parvovirus vaccine failing. This supports the concept that 
final vaccination in puppies under 16 weeks of age predisposes to 
vaccination failure, and that all canine parvovirus vaccines should 
be given to puppies at least 16 weeks of age, especially in outbreak 
settings [34].

Environmental and management factors

Uncomfortable microenvironment: Stress is a susceptible 
homeostatic condition that is influenced by management and 
environmental factors. Cold stress, heat stress, high humidity, 
and a dusty environment are among environmental stressors. 
Factors resulting from mismanagement like shipping stress, 
intensive farming, high stocking density, overcrowding, decreased 
ventilation, poor litter conditions (like very wet or extremely dry 
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litter), inappetence, lack of water, bad sanitary conditions, fever, 
and so on. These all cause stress in animals resulting in immune 
suppression and subsequent vaccine failure in the herd [54].

Nutrition

Malnutrition is linked to innate and adaptive immune dysfunctions 
and is thus a primary factor reducing vaccination efficiency and 
effectiveness [83]. Nutrition affects the immune system and its 
responses to vaccines. Inadequate macronutrients or certain 
micronutrients, including zinc, selenium, iron, and antioxidant 
vitamins, are critical for immunological response and vaccine 
effectiveness. Antioxidants and cofactors are involved in cytokine 
regulation. For instance, malnutrition impairs immune responses 
to yellow fever, smallpox, tuberculosis, and polio vaccines [79]. The 
effects of malnutrition on immune status is given in Table 1.

Table 1: Effects of malnutrition on immune status.

Nutrient deficiency Immune status

Vitamin A

↓ IgA and IgG serum levels, ↑ inflammatory 
cytokine levels, lymphopenia, ↓ T-cell responses, 
especially TH2, ↓ mucosal barriers function, ↓ 

phagocytic and NK cell functions.

Vitamin C ↓ Phagocyte function, ↑ infection risk

Vitamin E
↓ T-cell function, ↓ antioxidant defense, ↑ PGE2 

production, ↑ the virulence of pathogens.

Zinc

↓ Th1 cytokines and thymic hormone activity, 
↑ glucocorticoid production, ↑ cellular immune 
responses to pathogens, lymphopenia, thymic 

atrophy, altered T-cell subsets.  

Iron

↓ T-cell immune response and IL-2 production, 
↑ IgG levels, ↓ phagocytic activity, ↓ cytokine 
response, risk of parasitic and opportunistic 

Candida species infections.

Selenium
↓ Infection virulence and progression, ↓ 

antioxidant defense.

Copper Lymphopenia, ↓ IL-2 response.

780 m 780 m

Climatic factors

Fluctuation in elements of climate (temperature, rainfall, humidity, 
and soil moisture) affects both living and non-living creatures. 
When it became unfavorable, climatic change leads to stress which 
in turn affects the host`s immune system resulting in a defect in the 
function of immune cells and systems with subsequently reduced 
response to vaccine or vaccine failure [54].

CONCLUSION

The vaccine is an immune-stimulant chemical that is used for 
disease control and prevention strategies. Yet, its effectiveness 
is constrained by several factors that emanate from different 
sources, like technical factors which consist failure of selection of 
appropriate vaccine, defect in vaccination technique and route, 
antigenic shift and drift of the pathogen, vaccine conservation, 
and distribution problem, missing annual revaccination or booster 
dose, wrong timing of vaccination time, inadequate dosage, use of 
the expired vaccine, insufficient vaccine coverage and insufficient 

time between vaccination and exposure. Vaccine epidemiology 
has a role in increasing vaccine effectiveness through address the 
constraints.
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