
Authors’ Note

Immunization is one of the most important topics of community medicine. The students should know every details 

of this topic not only for the viva voce but also for theory and practical examinations. This part is also essential for 

clinical life of every budding doctor.

IMMUNIZATION

It is the process by which an individual’s immune system becomes fortified against an 

immunogen.

A person is said to be immune when he possesses:

“Specific protective antibodies or cellular immunity as a result of previous infection or 

immunization, or is so conditioned by such previous experience as to respond adequately to prevent 

infection and/or clinical illness following exposure to specific infectious agent.”

According to WHO

“Immunization is the process whereby a person is made immune or resistant to an infectious 

disease, typically by the administration of a vaccine.”

TYPES

Active Immunity

It is the immunity which an individual develops as a result of infection or by specific 

immunization and is usually depends upon the humoral and cellular responses of the host.

Modes of Acquiring Active Immunity

Clinical infection, e.g. rubella, chickenpox.

Subclinical infection, e.g. polio, diphtheria.

Immunization with an antigen, e.g. live attenuated vaccine, killed vaccine or toxoid.

Passive Immunity

Passive immunization is where presynthesized elements of the immune system are transferred 

to a person so that the body does not need to produce these elements itself.
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Modes of inducing Passive Immunity

Physiological: When antibodies are transferred from mother to fetus during pregnancy 

across placenta (vertical transmission)

Artificial:

 − By administration of an antibody containing preparation (immunoglobulin).

 − By transfer of lymphocytes to induce passive cellular immunity (still experimental).

Herd Immunity

Definition

Herd immunity (or community immunity) describes a form of immunity that occurs when the 

vaccination of a significant portion of a population (or herd) provides a measure of protection 

for individuals who have not developed immunity.

Mode of Action

Herd immunity theory proposes that chains of infection are likely to be disrupted when 

large numbers of a population are immune or less susceptible to the disease (basically in 

case of contagious diseases)

The greater the proportion of individuals who are resistant, the smaller the probability that 

a susceptible individual will come into contact with an infectious individual and become 

infected

Herd immunity provides an immunological barrier to the spread of the disease in the human 

herd (population)

Unvaccinated individuals are indirectly protected by vaccinated individuals, as the latter are 

less likely to contract and transmit the disease between infected and susceptible individuals.

Determinants of Herd Immunity

Occurrence of clinical and subclinical immunity in the herd

Immunization of the herd

Herd structure:

 − Never constant

 − Depends on variation due to births and deaths and population mobility or migration

 − Includes not only host but also alternative animal hosts, insect carrier.

Herd Immunity Threshold

The proportion of immune individuals in a population above which a disease may no longer 

persist is the herd immunity threshold.

Its value varies with:

The virulence of the disease

The efficacy of the vaccine

The contact parameter for the population.
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Remember: No vaccine offers complete protection, but the spread of disease from person to 

person is much higher in those who remain unvaccinated.

Significance in Public Health

A public health policy of herd immunity may be used to reduce spread of an illness and 

provide a level of protection to a vulnerable, unvaccinated subgroup.

Especially, it is considered best for those who cannot safely receive vaccines because of a 

medical condition such as an immune disorder, transplant recipients, or people with egg 

allergies

Herd immunity is compromised in some areas for some vaccine-preventable diseases, 

including pertussis, measles and mumps, in part because of parental refusal of vaccination.

Limitations

Herd immunity generally applies only to contagious diseases 

It does not apply to diseases such as tetanus (which is infectious, but is not contagious), 

where the vaccine protects only the vaccinated person from disease

Herd immunity does not apply to IPV because it protects only the individual from viremia 

and paralytic polio.

Difference between Immunization and Vaccination

Topic Immunization Vaccination

Definition It is the process by which an individual’s immune 

system becomes fortified against an immunogen

Vaccination is the process of immunization

Procedure May be active or passive Only active

Immunizing Agents

Vaccine is an immunological substance designed to produce specific protection 

against a given disease and it stimulates the production of protective antibody and other 

immune substances.

Nomenclature: The term “vaccine derives from Edward Jenner’s 1796 use of cowpox (Latin 

variola vaccinia, adapted from the Latin vacc n-us, from vacca, cow) to inoculate humans, 

providing them protection against smallpox.

Types

Live attenuated

Killed or inactivated

Toxoids

Subunit/cellular fragments

Combined/mixed

Experimental/future prospects.
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Live Attenuated Vaccines

Definition: A live attenuated vaccine is a vaccine created by reducing the virulence of a 

pathogen, but still keeping it viable or “live”.

These organisms have lost their “antigenicity” (ability to produce full blown disease) but 

retain their immunogenicity.

Examples:

Viral: Measles vaccine, mumps vaccine, rubella vaccine, live attenuated influenza vaccine 

(the seasonal flu nasal spray and the 2009 H1N1 flu nasal spray), chickenpox vaccine, oral 

polio vaccine, rotavirus vaccine, and yellow fever vaccine (Mnemonic—MMR I ROCY).

Bacterial: BCG vaccine, typhoid vaccine and epidemic typhus vaccine.

Development:

Viruses may be attenuated via passage of the virus through a foreign host, such as:

Tissue culture

Embryonated eggs

Live animals.

The initial virus population is applied to a foreign host. One or more of these will possess a 

mutation that enables it to infect the new host. These mutations will spread, as the mutations 

allow the virus to grow well in the new host.

Advantages:

Activates all phases of the immune system (humoral + cellular immunity).

Provides more durable immunity; boosters are required less frequently.

Quick immunity.

Easy to administer (for example, OPV for polio can be taken orally, rather than requiring a 

sterile injection by a trained health worker, as the inactivated form IPV does).

Cost effective.

Very few side effects in comparison to injected antibody vaccines (e.g. tetanus).

Herd immunity may occur.

Disadvantages:

Secondary mutation of attenuated virus can cause a reversion to virulence.

Can cause severe complications in immunocompromised patients.

Can be difficult to transport due to requirement to maintain conditions (e. g. temperature; 

as in OPV).

Killed Vaccines

These contain killed, but previously virulent, microorganisms that have been destroyed with 

chemicals, heat, radioactivity or antibiotics.

Examples:

Viral: IPV and killed influenza vaccine.

Bacterial: Typhoid vaccine, oral cholera vaccine,  plague vaccine, and pertussis vaccine.

JA
YPEE BROTHERS



An Ultimate Guide to Community Medicine358

Development:

Virus particles are grown in culture and then killed using a method such as heat or formaldehyde.

Advantages:

Less contraindication than that of live vaccines (except severe local or general reaction to 

a previous dose).

More heat stable.

No chance of reversion of virulence.

Applicable to immunocompromised individual.

Disadvantages:

Require multiple doses.

Less effective.

Difficult to administer.

1. Explain why live vaccines are more potent than killed vaccines. 

OR
2. Live vaccine requires single dose while killed vaccine require multiple 

doses.

Because:

Live organisms multiply in host and resulting antigenic dose is larger than what is 

injected

Live vaccines have all major and minor antigenic components

It engage certain tissues of the body, as for example, intestinal mucosa by OPV

There may be other mechanisms, such as persistence of latent virus.

Immune response to replicating antigen (live vaccine)

In killed vaccine the virus particles are:

Destroyed and

Cannot replicate.

 But the virus capsid proteins are intact enough to be recognized by the immune system and 

evoke a response. When manufactured correctly, the vaccine is not infectious. As the properly 

produced vaccine cannot reproduce within the host, so killed vaccines usually require primary 
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series of 2–3 doses to produce an adequate antibody response, and thus in most cases booster 

doses are required.

Immune response to three doses of nonreplicating native antigen vaccine (killed vaccine)

 Thus, live vaccines require single dose, whereas killed vaccines require multiple doses.

TOXOID, SUBUNIT VACCINE, COMBINED VACCINE AND  

EXPERIMENTAL VACCINE

Toxoid

Toxoid vaccines are made from inactivated toxic compounds (usually exotoxins released by 

microorganisms).

Example: Toxoid-based vaccines like tetanus and diphtheria.

Advantages:

Highly efficacious, and

Safe.

Subunit/Cellular Fragment Vaccine

Without introducing an inactivated or attenuated microorganism to an immune system (which 

would constitute a “whole-agent” vaccine), a fragment (subunit) of it can create an immune 

response, it is called subunit/cellular fragment vaccine.

Example:

Subunit vaccine against hepatitis B virus that is composed of only the surface proteins of 

the virus.

Meningococcal and pneumococcal vaccine.

Vaccine against influenza formed by hemagglutinin and neuraminidase subunits of the 

influenza virus.

Combined/Mixed Vaccine

If more than one kind of vaccine is included in the vaccine, it is called combined or cellular 

vaccine.
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Example:

DPT (diphtheria, pertussis  and tetanus)

DT (diphtheria-tetanus)

DP (diphtheria, pertussis)

MMR (Measles, mumps and rubella).

Advantages:

Simplified administration for multiple vaccines through one bore of needle

Cost effective

Reduce number of contacts of the patient with the health system.

Experimental

Examples:

DNA vaccination: Created from an infectious agent's DNA. It works by insertion of viral or 

bacterial DNA into human or animal cells (still experimental).

Recombinant vector: By combining the physiology of one microorganism and DNA 

of the other, immunity can be created against diseases that have complex infection 

processes.

SOME OTHER DEFINITIONS

1. Adjuvant: A substance (e.g. aluminum salt) that is added during production of vaccine to 

increase the body’s immune response.

 − Mechanism: Not well-understood. Probably due to formation of local granuloma which 

release antigen and from which antigen is slowly released.

 − Advantage: Greater immune response with lesser quantity of antigen (so lesser dose 

required).

Example:

 − Bacterial products: Killed bacteria Bordetella pertussis (in DPT).

 − Nonbacterial agent: Alum (most commonly used) adjuvant. In DPT, HPV and hepatitis 

vaccines.

2. Seroconversion: Change from antibody negative state to antibody positive state.

3. Seroprotection: The state of protection (from disease) due to presence of humoral immunity 

or detectable antibody in serum.

ADVERSE EVENTS FOLLOWING IMMUNIZATION (AEFI)

Definition

WHO defines—“An adverse event following immunization (AEFI) as a medical incident that 

takes place after an immunization, causes concern, and believed to be caused by immunization.”
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Cause-specific Categorization of AEFI (CIOMS/WHO 2013)

Type Definition Example 

Vaccine product-related 
reaction

An AEFI that is caused or precipitated 

by a vaccine due to one or more of 

the inherent properties of the vaccine 

product

Extensive limb swelling following 

DTP vaccination

Vaccine quality defect-related 
reaction

An AEFI that is caused or precipitated 

by a vaccine that is due to one or more 

quality defects of the vaccine product 

including its administration device as 

provided by the manufacturer

Failure by the manufacturer to 

completely inactivate a lot of IPV 

leads to cases of paralytic polio

Immunization error-related 
reaction
(formerly “program error”)

An AEFI that is caused by 

inappropriate vaccine handling, 

prescribing or administration and thus 

by its nature is preventable

Staphylococcal toxic shock 

syndrome after immunization with 

contaminated vaccine

Immunization anxiety-related 
reaction

An AEFI arising from anxiety about the 

immunization

Vasovagal syncope in an adolescent 

during/following vaccination

Coincidental event An AEFI that is caused by something 

other than the vaccine product, 

immunization error or immunization 

anxiety

Pneumonia after OPV administration

Vaccine Product-related Reaction

No vaccine that is 100% safe and without any risks

Such events may range from mild side effects to life-threatening, but rare.

Mechanism:

Immune mediated local reactions

Nongranulomatous inflammation ± regional lymphadenitis (Eg: Extensive limb swelling 

after DTP vaccination)

Granulomatous inflammation ±  regional lymphadenitis (most commonly related to BCG 

vaccine)

Immune mediated generalized reactions

Systemic inflammatory response (resulting in fever)

IgE mediated hypersensitivity (anaphylaxis) or nonIgE mediated hypersensitivity 

(anaphylactoid reactions)

Disseminated granulomatous reaction (disseminated BCG in immunodeficient hosts)

Immune complex mediated reaction (serum sickness reaction).

Autoimmune/undefined mechanism

Demyelinating conditions, such as GB syndrome post-influenza vaccination

Thrombocytopenia post-MMR vaccination.
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