The science of

immunisation
/ QUESTIONS AND ANSWERS

Summary
Immunisation is the most successful form of disease prevention available
today and will continue to be an essential tool for controlling infections
and their complications.1 The science behind immunisation and vaccine
development is well established after decades of research.2–4 However,
it can be challenging for many people to understand how immunisation
works or find answers to questions and concerns about vaccination.
This guide aims to summarise the science of immunisation by answering
five key questions:

1

What is immunisation?

The purpose of immunisation, achieved by using vaccines, is to
prevent people from developing infectious diseases and to protect them
against short- and longer-term complications. See page 4.

2

What is in a vaccine?

Vaccines generally contain two main types of active ingredients:
antigens, which usually consist of parts of the pathogen and are designed
to cause the immune system to produce a specific immune response;
they may also contain adjuvants, which amplify the body’s immune
response. See page 8.

3

Who benefits from vaccines?

Individuals benefit from personal protection, and the wider
community benefits from most vaccines because of herd immunity.
The benefits of immunisation can sometimes include others, such
as the babies of women vaccinated in pregnancy. Most importantly,
vaccines prevent long-term serious complications that can arise from an
infection. See page 12.

4

Are vaccines safe?

The vaccines currently in use in Australia provide benefits that
greatly outweigh the risks of associated adverse events or side effects.
Safety research and testing is an essential part of vaccine development
and manufacture. Before vaccines are made available to the public,
clinical trials must confirm safety and how well the vaccine works. Safety
monitoring continues after vaccines have been introduced into the
community. See page 16.

5

What does the future
hold for vaccination?

Vaccine technology continues to develop, with an increasing number of
vaccines against many infectious diseases now available. The future of
vaccination includes developing new technologies to deliver vaccines and
generating new vaccines for both infectious and non-infectious diseases
like cancer. In some cases, the effectiveness of existing vaccines is being
improved. See page 21.
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Definitions
ADJUVANTS

IMMUNITY

Substances added to vaccines to strengthen
the body's protective immune response to
the vaccine.

ADVERSE EVENT
Any kind of symptom or health event experienced
after vaccination. Not all adverse events are
caused by the vaccination; some may be
coincidental.

ANAPHYLAXIS
A severe allergic reaction of sudden onset and
rapid progression, usually accompanied by hives
and/or flushing of the skin. It affects two or more
organ systems at once and can lead to difficulty
breathing, feeling dizzy and/or abdominal pain
with vomiting.5

ANTIBODIES
Proteins made by cells of the immune system
that can identify microorganisms like bacteria and
viruses and prevent them from infecting cells.

ANTIGENS
The parts of pathogens or their toxins that are
used in vaccines to provoke an immune response.

BACTERIA
Single celled organisms (living things) that exist
in our body and our environment. Most bacteria
are harmless and some are beneficial to humans;
however, some bacteria can cause disease.

HERD IMMUNITY
Occurs when a significant proportion of
individuals within a population are protected
against a disease through immunisation. This
offers indirect protection for people who are still
susceptible to the disease, by making it less likely
that they will come into contact with someone
who is carrying the pathogen. Read more about
herd immunity on page 13.

The state of protection that occurs when a person
has been vaccinated or has had an infection and
recovered. Vaccination, like infection, confers
immunity by activating the immune system.

INFECTIOUS DISEASE
A disease acquired from another human,
or sometimes from animals. When an infectious
disease is acquired, it means the pathogen has
entered the body and started to multiply causing
damage to tissues in the body.

INFLAMMATION
A process that occurs when the immune system
identifies something foreign in the body. This
can appear as redness, swelling and pain.
Inflammation may occur at the injection site
after a vaccine, because this is a normal and
expected response that shows the vaccine is
being effective.

MICROORGANISMS
Very small living things, including bacteria,
viruses, and parasites. Microorganisms that cause
disease are called pathogens.

PATHOGEN
Any kind of infectious organism that
causes disease.

VACCINE
The substance used for immunisation.
Vaccination refers to the act of giving a vaccine
to a person.

VIRUS
A tiny infectious agent that needs cells from other
organisms to survive and multiply.

IMMUNISATION
The process through which people are
protected against illness caused by infection
with pathogens.
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What is
immunisation?
Immunisation protects
against infectious disease
Vaccines work by stimulating
the body’s defence
mechanisms to provide
protection against infection.

The purpose of immunisation is to prevent people
from getting sick. It helps to protect people against the
complications of becoming ill, including developing
chronic diseases, cancer, and death.6–8
Vaccines work by stimulating the body’s defence
mechanisms to provide protection against infection
and illness. These defence mechanisms are
collectively referred to as the immune system.
Vaccines mimic and sometimes improve the protective
response normally mounted by the immune system
after infection. The great advantage of immunisation
over natural infections is that immunisation has a much
lower risk of harmful outcomes.2–4,9–15

Immunisation harnesses
the body’s own
defence mechanisms
To understand how immunisation protects against the
diseases produced by pathogens (such as viruses and
bacteria), we first need to understand how the immune
system works.16,17

Vaccines can sometimes produce a
stronger, longer-lasting protective
response compared to immunity from a
natural infection.
Vaccines create immunity without causing
disease. Disease can lead to serious
complications, which is why vaccination is
a safer way to develop immunity.
4
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What is immunisation ?

The immune system
The immune system is the body’s defence mechanism, protecting against
invaders like bacteria and viruses to keep us healthy.
Cells are the main building blocks of our body. Our immune system relies
on many different types of cells, each playing an important role. Many
of these can be found in our bloodstream, especially white blood cells,
which are the main component of the human immune system.
White blood cells are strategically located throughout the body, not only in the
bloodstream but in the lymph nodes, spleen, lungs, intestines and skin. This allows
them to deal with pathogens wherever they enter the body.
There are two main types of white blood cells:
guardian cells
responsible for innate
immunity (your body’s
first defence
against pathogens).

lymphocytes responsible for
specific or ‘adaptive’
immunity (your body's ability
to remember pathogens and
react quickly if re-infected).

Other blood cell types
include red blood cells,
which carry oxygen
to our tissues, and
platelets, which help our
blood to clot.

INNATE IMMUNITY

The skin and the lining of the lungs and intestine are the first line of defence against
infection, forming a physical barrier for protection. These tissues and the sentinal cells
that live there form the innate immune system.17,18
Some of these cells ingest
pathogens or vaccine particles and
use these to activate lymphocytes
(part of specific immunity).

Some innate immunity cells produce chemicals capable of causing
inflammation and amplifying the response of specific immunity.
The innate immune system gives a generalised response towards
anything it identifies as ‘foreign’. By itself, that response might not be
strong enough to protect against an infection.

SPECIFIC IMMUNITY

After a person has an infection or is vaccinated, specific lymphocytes learn to
recognise their target antigens and multiply. Some then become effector cells that can
eliminate or prevent infection, while others turn into long-lived memory cells that are
ready to respond more rapidly and effectively if the infection returns. They are ‘specific’
because they are created to target and respond only to that antigen.
There are two types of lymphocytes: T cells and B cells.19–21
T cells respond to infections by
releasing chemicals called
cytokines, which trigger protective
inflammation. T cells can also kill
cells that have a pathogen, such as
a virus, hidden inside them.22

B cells, often with help from T cells, are involved in
making antibodies. Antibodies are complex proteins
that attach in a ‘lock-and-key’ fashion either to
pathogens or to the toxins released by them.
When antibodies attach to a pathogen they flag it
for destruction, and when they attach to a toxin they
neutralise its ability to cause damage.16,17

The immune system’s responses to pathogens stops the infection in most
cases, followed by repair of any damage to the body. However, serious
infections can overwhelm the immune system’s capacity to respond and
can lead to severe disease or death. Giving a vaccine before exposure
to the infection generates protective immunity in advance and avoids the
serious outcomes of the disease.
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What is immunisation ?

Vaccination is
disease-specific
A healthy immune system can generate hundreds of
millions of T and B cells, each of which targets one
particular antigen.23
However, pathogens can sometimes overwhelm the
immune response. Vaccines give the immune system
a head start by allowing it to learn and remember what
a pathogen looks like, providing valuable protection
against aggressive pathogens.
These immune responses are very specific, so we
need to have a separate vaccine for each disease. The
immune system can respond independently to each
pathogen it encounters. This is why the system cannot
be ‘overloaded’ or damaged by giving the full range
of currently available vaccines or by having multiple
antigens in one vaccine.

The immune system
responds separately
to each pathogen it
encounters. It cannot be
‘overloaded’ by giving
the full range of currently
available vaccines or by
having multiple antigens
in one vaccine.

Immune responses are very specific,
and that is the reason we need to have a
specific vaccine for each disease.

Vaccines work with
the immune system’s
ability to remember
When the immune system recognises a pathogen,
individual lymphocytes make antibodies and cytokines
against the infection and multiply quickly. As a result,
the number of lymphocytes (T and B cells) specific for
that infection increases, enabling the body to fight the
infection more efficiently.
Most of the cells involved in immune responses live for
only a few days, but a small number of lymphocytes
survive for months or years after the infection has
been cleared away. These lymphocytes either
continue to produce antibodies or retain a ‘memory’ of
the invading pathogen.17,24,25 In the case of measles,
for example, that memory has been shown to last for
more than 60 years.26
The way the immune system remembers infections is
one of its most valuable assets. This memory means
the immune system can mount a much faster, larger
and more sustained response if it encounters the
same pathogen again.17,24,25 That response can control
subsequent infection more efficiently, without leading
to the unwanted and serious complications associated
with the infection itself.

N AT I O N A L C E N T R E F O R I M M U N I S AT I O N R E S E A R C H A N D S U R V E I L L A N C E
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What is immunisation ?

N AT H A N D U M L A O / U N S P L A S H

Newborn vaccines
work with the newborn
immune system
The body’s immune system begins developing before
birth.27 A mother’s antibodies protect newborns
against many (but not all) serious infections during
and soon after birth, while the baby’s immune system
function is still maturing. This protection usually lasts
for about four months.
The current immunisation programs for infants are
designed to balance waiting for the baby’s immune
system to have the capacity to respond to the vaccine,
against the risk of the baby getting an infection.
In the case of hepatitis B, for example, the risk to
the baby is high, and exposure to the virus at birth
or in the first few months of life can result in the
infant becoming a chronic carrier for life. That is
why vaccination for hepatitis B starts within one
week of birth.
The situation is different for other pathogens, either
because there is a lower risk of infection in the
first few months of life or because they would not
produce a protective immune response to them at
that age. For example, administering the vaccines
against Haemophilus influenzae type b (Hib) and
Streptococcus pneumoniae is delayed until 6–8 weeks
of age when the infant’s immune system can respond
more effectively. The measles-containing MMR
(measles, mumps and rubella) vaccine is not given until
12 months of age, when maternal antibodies against
measles, which can interfere with vaccine responses,
have essentially disappeared.
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It takes around 7–21 days after being
vaccinated to generate an effective
immune response in healthy individuals.

Pre-formed
antibodies provide
immediate protection
Most vaccines work by switching on a person’s
immune system to make the antibodies, cytokines
and memory cells needed to protect against infection.
However, this kind of active immune response takes
7–21 days to fully develop.
Sometimes, in the case of overwhelming and
dangerous infections, an unwell person may receive
pre-formed antibodies as part of their medical
treatment to prevent or combat the infection. These
either come from healthy blood donors or are
produced in a laboratory, as they can act much more
quickly to help the person fight off the infection.17 This
is known as ‘passive immunisation’. However, these
antibodies don't stay in the body for very long—it is
better to make antibodies through being vaccinated
wherever possible.

C HRONIC CARRIE R
Chronic carriers are people who remain hosts
of pathogens for months or years after they
were first infected.
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What is
in a vaccine?

ANTIGENS
(FIRST MAIN INGREDIENT)

The antigens used in a vaccine are designed to
trigger a specific protective response by the immune
system to a specific pathogen.17 Therefore, each
vaccine contains a different set of antigens.28–30
These could include:
• killed whole pathogen
• components of the pathogen
• inactivated toxin produced by the pathogen.

ADJUVANTS
(SECOND MAIN INGREDIENT)

Adjuvants amplify immune responses more generally.
They may include:
• aluminium
• oil in water emulsion
• sugars and fats from bacterial cell walls,
or synthetic nucleic acids from microorganisms.

NU C L E I C ACID S
Nucleic acids are DNA and RNA,
and are the way that cells store their
blueprints to build proteins and cells.

PRESERVATIVES

Preservatives are chemicals designed to prevent the
growth of bacteria in vaccines. In the past, they were
added to vaccines in very small amounts and have
never been shown to be harmful.2,31
In practice, preservatives are no longer needed
in vaccines given in Australia, as they are now
generally produced in single-use sealed vials. The
only exception is if multi-dose vials are used during a
pandemic as an emergency measure.

GELATINE
(AND OTHER ANIMAL PRODUCTS)

Some current injectable vaccines contain small
amounts of stabilisers like gelatine, salts, sugars
and surfactants.32,33 In some cases, tiny amounts
of residue from the manufacturing process remain
such as egg protein, yeast or antibiotics. Except
for gelatine and possibly egg protein that can very
rarely induce allergies, none of these ingredients are
known to lead to adverse events.

SURFAC TANTS
Surfactants are substances that
help two ingredients mix together
where they don’t naturally do so.
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What is in a vaccine ?

Several different
types of antigen are
used in vaccines
Some vaccines contain the killed whole microorganism
that the vaccine is designed to protect against. The
virus or bacterium is grown in a laboratory and killed
by heat or chemicals so that it is no longer infectious.34
The injectable polio vaccine and inactivated hepatitis A
vaccine are examples of this type.
Other vaccines contain only components of the
pathogen as their antigens. These components
can be prepared by purifying them from the whole
bacterium or virus, or by genetically engineering
them.35–37 Engineered vaccines include the human
papillomavirus vaccine, which protects against cervical
cancer, and the hepatitis B virus vaccine.
In some vaccines, components of the pathogen are
linked with proteins to create an antigen that can
generate a stronger response—this allows even
6-week-old babies to make significant amounts of
antibodies, which they otherwise could not do until
they are older.38 These vaccines are called conjugate
vaccines and include those against Haemophilus
influenzae type b (Hib) infection, meningococcal and
pneumococcal disease.
Another group of vaccines is based on the toxin
produced by the pathogen that causes the disease
symptoms. The toxin is chemically treated to make it
harmless. The antibodies produced against it can still
neutralise the toxin and prevent disease symptoms
from developing. Examples of this type include tetanus
and diphtheria vaccines.

AT T E NUAT ION
The attenuation process permanently alters
the pathogen so that it is still able to reproduce
and stimulate an immune response, but does
not cause disease.

Some vaccines contain
live organisms
Some vaccines contain an infectious microorganism;
these are called live vaccines. The microorganism
may be derived from the pathogen that the vaccine
aims to protect against. This is usually achieved
by growing the pathogen in the laboratory under
conditions designed to weaken or attenuate it.39
Examples include the injectable MMR vaccine and the
chickenpox vaccine.
Alternatively, a live vaccine may consist of a naturally
occurring organism closely related to the pathogen
that does not cause disease in healthy humans with
intact immune systems. An example is the BCG
vaccine against tuberculosis and leprosy.
Vaccines containing live pathogens are not
recommended for people whose immune systems are
impaired due to the use of immunosuppressive drugs,
serious illness or abnormalities of the immune system,
because of the risk of causing disease. Similarly, live
vaccines are not recommended during pregnancy as
a precautionary measure, in case the pathogens they
contain cross the placenta to the unborn baby. This is
because a baby’s immune system is not completely
developed until after birth. Vaccines without live
microorganisms (inactivated vaccines), in contrast,
have not been shown to be harmful in pregnancy.

SHEGGEOR LAKER / UNSPLASH
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What is in a vaccine ?

Adjuvants amplify
the immune
system’s response

Adjuvants are not needed in vaccines
that use live organisms, as these naturally
produce inflammation and amplify
protective immunity.

Adjuvants are substances that promote a more
vigorous immune response to vaccine antigens. They
can also help target the body’s response. In doing so,
they may cause mild local reactions (soreness, redness
and swelling) at the injection site. These reactions are
expected and part of the innate immune response.
Most inactivated vaccines use adjuvants to make the
body’s defences think a significant infection is present.
They stimulate stronger, longer-lasting immune
responses to the vaccine antigens, leading to better
protection against subsequent infection. Adjuvants
are not needed in vaccines that use live organisms,
as these naturally produce inflammation and amplify
protective immunity.
Aluminium salt (known as alum) has been frequently
used in human vaccines as an adjuvant and has a track
record of safety dating back to the 1950s.40 Some
newer vaccines incorporate more active adjuvants,
derived from naturally-occurring oil in water emulsions
(mixtures), fats or sugars from bacterial cell walls,
or synthetic nucleic acids mimicking bacterial DNA.
These can produce more vigorous and better-targeted
immune responses against the infectious agent.41

Vaccine quality is
carefully monitored

Vaccines contain trace
amounts of DNA

In addition to adjuvants and antigens, vaccines
can contain tiny quantities of materials from the
manufacturing process. These can include trace
amounts of detergents, nutrients from the laboratory
cultures, chemicals used to kill the pathogens,
stabilisers like gelatine, or small amounts of DNA and
parts of dead organisms.

Because most vaccine antigens are prepared from
whole organisms, a vaccine may contain some of
that organism’s genetic material in the form of DNA,
or a similar type of molecule known as RNA. The
amount of genetic material in a vaccine is minuscule,
much less than the amount we eat in our food each
day.44 Vaccines based on living pathogens contain
that organism’s genetic information because it is
necessary for the vaccine to work. However, the
DNA (or RNA) in the pathogen does not remain for
long or lead to long-term detrimental effects in the
vaccinated person.45 The presence of DNA or RNA in
a vaccine does not lead to changes in the vaccinated
person’s DNA or RNA.

Vaccine developers are required by regulatory
authorities to test for the presence of these extra
materials during the manufacturing process to ensure
they do not exceed levels known to be safe.
Occasionally, individuals can be allergic to a vaccine
ingredient, although such reactions are rare. Reviews
of vaccine monitoring data have shown that less
than 1 out of 100,000 people might experience a
severe allergic reaction.42,43 Read more on page 19
(Vaccines do not cause allergic diseases).
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The presence of DNA or RNA (genetic instructions)
in a vaccine does not lead to changes to the DNA or
RNA of the person who receives it.
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What is in a vaccine ?

Some vaccines must be
given with caution to people
with a history of allergies to
eggs or red meat
Some vaccines, such as influenza or MMR vaccines,
contain antigens from viruses grown in eggs or on
chick cells and may contain some egg proteins.
However, newer MMR vaccines contain so little
egg protein that it is now considered safe to give
them even to someone who is already known to
be very sensitive to egg protein.46 The seasonal
influenza vaccines in current use contain minimal
amounts of egg protein and can be used in most
egg‑sensitive people.47

S E L F M A G A Z I N E / C C - B Y- 2 . 0

The viruses in two other less-frequently-used vaccines
(for Q fever and yellow fever) are also grown in eggs,
and specialist advice should be sought if either of
these vaccines are needed for a person with severe
egg allergy.

Fetal tissue cells
may be used during
vaccine development
Certain viruses grown for use in vaccines require
the use of ‘cell lines’. These cell lines were derived
over 40 years ago from human fetal tissue. Vaccines
manufactured using these cell lines include those for
rubella, chickenpox, shingles and hepatitis A. Copies
of these cells are still used because they are excellent
viral factories and are free of contaminants, which can
be a problem when viruses are grown in cells that
are not from humans. Once the cell has been used
to grow the virus, the virus is taken out and purified—
the human cells are not included in the vaccine. It is
estimated that the vaccines made using cells from
these original fetal tissue samples have prevented
nearly 11 million deaths and prevented at least
4 billion cases of disease.

F E T US

Small amounts of gelatine of animal origin are used
to stabilise some vaccines like Zostavax and MMR.
Allergic reactions to gelatine have been reported, but
are rare and usually mild in recipients of these two
vaccines. However, in people with mammalian meat
allergy, the chance of serious anaphylactic reactions is
increased. Specialist advice should be sought in such
cases before administering a vaccine like Zostavax,
the chickenpox and shingles vaccine.

Vaccines are mostly
injected into muscle or fat
Vaccines are commonly given by injection into a
muscle—this is called intra-muscular injection. Some
vaccines can be injected into the layer of fat just
under the skin—this is called subcutaneous injection.
Some vaccines can be given orally (through the
mouth) instead of as an injection, for example the oral
polio vaccine.
Vaccination sets off a chain of events resulting
in movement of immune system cells to the area
where the vaccine was administered, then through
to the lymph nodes and spleen, eventually leading
to the development of immunity throughout the
body. Vaccines are not delivered directly into the
bloodstream. One common side effect of intramuscular
injection is some short-term discomfort at the injection
site. Severe side effects, however, are very rare.

Fetus is a term used to describe a
baby before they are born.
AUSTRALIAN ACADEMY OF SCIENCE
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Who benefits
from vaccines?
Individuals benefit, in the
short and long term
EF FI CACY
Efficacy refers to how
well a vaccine performs in
preventing new infections
as it goes through
scientific testing.
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An effective vaccine protects an individual against a
specific infectious disease and its complications. In the
short term, vaccine efficacy is measured by its ability
to reduce new infections. The longer-term goal is to
reduce serious complications and death.2
All vaccines currently used in Australia produce high
levels of protection that are enough to prevent disease
in most vaccinated individuals. In countries where
the use of vaccination is widespread, there has been
a dramatic reduction in the number of people who
become ill and die from formerly common and severe
infections.3 For example, the whooping cough vaccine
prevents disease in 85% of recipients, while the
measles vaccine prevents disease in 95% of recipients
from the first dose alone.48 The remaining proportion
of individuals may not be fully protected and remain at
least partially susceptible to infection. This may be due
to genetic factors, or to the presence of other medical
conditions that affect their ability to mount a protective
immune response to the vaccine. These people are
also protected when herd immunity has been achieved
(see 'The community at large benefits' on page 13).
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Who benefits from vaccines ?

Booster doses of some vaccines are
required to maintain protection
‘Memory’ response

Antibody level

Initial response

First injection of vaccine

Time

Booster injection of same vaccine

Examples of vaccines that require booster doses
include whooping cough, tetanus, and polio
vaccines, as well as conjugate pneumococcal and
meningococcal vaccines. In contrast, a single course of
others, such as the hepatitis B vaccine, appears to be
sufficient to provide lifelong protection.
After the first immunisation, a small and brief response
occurs. When additional (booster) doses are given,
memory lymphocytes created during the initial
response are switched on to generate a much more
rapid and longer lasting protective response. The
graphic on the left shows the levels of antibodies from
B cells after first and booster vaccinations.17

Vaccines can protect against
long-term complications
of infections
By preventing infection, vaccines can also prevent
long-term complications associated with chronic
infections, where the pathogen persists in the body
after the initial infection has passed.
Certain viruses can cause dormant infections that
persist in the body for years and cause long-term
problems. Such persistent infections can eventually
lead to chronic damage to infected organs (such
as encephalitis induced by measles, or cirrhosis of
the liver caused by hepatitis B or hepatitis C virus
infection).49–51
Persistent viral infections can
E NC EP HA L I T I S
also lead to late complications
such as cancer. For example,
Encephalitis is
hepatitis B can lead to liver
inflammation
cancer and liver damage, and
of the brain.
human papilloma virus can
cause cancers including cervical
and anal cancers.52–54 Vaccines are available to protect
against these diseases.
Even if an individual has already been exposed
to a disease, vaccines against that disease can
still be beneficial in some cases, such as the
chickenpox vaccine. This vaccine protects against
the development of a long-term complication of the
infection, shingles. Shingles is a debilitating condition
characterised by the appearance of painful blisters on
parts of the skin above nerves where the chickenpox
virus has lain dormant since infection in childhood.
Adults who had chickenpox in childhood can be given
a high-dose chickenpox vaccine to boost immunity,
resulting in a substantial reduction in their risk of
developing shingles in the future. This is typically
offered to elderly people, who are at higher risk of
complications from shingles.55
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Herd immunity occurs when a significant proportion
of individuals within a population are protected
against a disease through immunisation. This
offers indirect protection for people who are still
susceptible to the disease, by making it less likely
that they will come into contact with someone who
is carrying the pathogen.

The community at
large benefits
Most vaccines not only benefit the individual who
receives the vaccine but the entire population through
a phenomenon called herd immunity.2
Herd immunity occurs when a significant proportion of
individuals within a population are protected against
a disease through immunisation. This situation offers
indirect protection for people who are still susceptible
to the disease, by making it less likely that they will
come into contact with someone who is carrying the
pathogen. Vaccination is the best way to create the
right conditions for herd immunity to develop.
As well as protecting unvaccinated individuals, herd
immunity benefits the small proportion of people who
fail to respond adequately to vaccination or are unable
to be vaccinated for medical reasons.56
In the case of a highly infectious disease such as
measles, more than 95% of the population must be
vaccinated to achieve sufficient herd immunity to
prevent transmission if the disease recurs.
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Who benefits from vaccines ?

Vaccines across the life span
NEWBORN BABIES
The body’s immune system begins
developing before birth. In the period during
and soon after birth, when the functions of
the immune system are still maturing,
newborns are protected against many, but
not all, serious infections by antibodies from their mother.
This protection usually lasts for about four months.

ADULTS
Adults require booster doses of some
vaccines, such as tetanus, to maintain
adequate levels of immunity throughout their
life. Additional vaccines may be required in
adulthood if the person plans on
travelling overseas.
Not every person has a normally-functioning immune
system, and some have primary or secondary immune
deficiencies. A primary immune deficiency is one a person
is born with, and a secondary immune deficiency is one
that a person acquires from a disease or treatment, such as
chemotherapy. Some people may be immunosuppressed
from a disease or treatment, such as people receiving
treatment for autoimmune diseases or cancer. These
people may not be able to produce a strong immune
response following vaccination and may rely on herd
immunity to be protected from acquiring diseases.

OLDER ADULTS
Older adults, particularly people over 65, will
experience a progressive decline in immunity
as they get older. This means that they are
more susceptible to infection and less
responsive to vaccines.
Infection due to influenza, varicella-zoster viruses (causing
chickenpox and shingles), SARS-CoV-2 (causing COVID-19)
and Streptococcus pneumoniae can cause severe illness in
older adults. Most of these diseases also lead to increased
risk of death in older adults.
Special vaccines designed to work better with the immune
system of older adults are made in two main ways:
1. Developing new types of adjuvants to stimulate the
immune response more effectively
2. Increasing the amount of antigen included in the vaccine

BABIES AND CHILDREN
As the early protection provided by the
mother’s antibodies fades away, a child’s
innate and adaptive immune systems start to
mature and develop a memory of
infections.57 They are more vulnerable to
some infections at this age as their immune system is still
maturing. However, their protection against pathogens
grows throughout this time.
Children also have protection from early vaccinations. The
current immunisation programs are designed to balance
the ability of the child’s immune system to respond to the
vaccine against the risk of the child getting the infection.

PREGNANCY
Maternal antibodies cross the placenta into
the baby’s circulation before birth and are
also present in the mother’s breast milk.
If the mother has been vaccinated or has
recovered from infection during pregnancy,
the amount of antibodies transmitted to the baby can be
sufficient to ensure complete protection. On the other
hand, if the mother’s infection (particularly with the
pathogen that causes whooping cough) or immunisation
occurred a long time ago, the antibody levels and
protection may be lower.
Some vaccines, including inactivated vaccines, are
considered safe to be given during pregnancy. The rates
of side effects among pregnant women are similar to those
in the general population. No link has been established
between vaccination with inactivated vaccines in pregnancy
and birth defects. The use of inactivated vaccines in
pregnancy is particularly desirable for infections such as
influenza and whooping cough that affect pregnant women
or their babies more severely than the general population.
This is because vaccination during pregnancy protects the
mother against infection and provides protection to the
baby as a result of the transfer of maternal antibodies.
Live attenuated vaccines, such as the MMR vaccine, are not
recommended during pregnancy, as the live viruses could
theoretically be transmitted from pregnant mothers to their
baby. However, there is no evidence of increased birth
defects in children whose mothers inadvertently received
live attenuated vaccines while pregnant.

MAT E RNAL ANT IBODIE S
Maternal antibodies are antibodies
produced by a mother and transferred
to the fetus.
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Who benefits from vaccines ?

Vaccines can control, eliminate and
eradicate diseases
When a large proportion of a community is immunised,
it can lead to a situation where there are very low
disease levels in that population. This is referred to as
control of the disease.
Even more effective and prolonged vaccination
programs can result in interruption of transmission
in the population for long enough to eliminate
the disease. However, even when high levels of
community coverage with a vaccine are achieved,
infection may be reintroduced, such as by
unvaccinated travellers. In Australia, isolated outbreaks
of infectious diseases such as measles have been
attributed to transmission from unvaccinated travellers.

Once a high degree of control is achieved worldwide,
it is theoretically possible to eradicate an organism
and the associated risk of infection, provided there
is no other animal that can carry the infection and
transmit it back to humans. This was achieved with
smallpox in the 1970s. There is hope that such a goal
may also be achievable for polio and measles, since
(as with smallpox) humans are the only hosts. Of the
three strains of polio, two strains have already been
eradicated. Compared with 350,000 cases in 1988,
only 33 polio cases were reported worldwide in 2018.

Number of deaths in Australia from diseases now vaccinated against, by decade (1926–2015)
= Vaccine first introduced
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Vaccination brings
economic benefits
The cost-effectiveness of community immunisation
programs is measured by determining the benefits that
result from preventing illness, disability and death, and
comparing them with the costs of vaccine production
and delivery to the population.
In the first six years after the introduction of the
polio vaccine worldwide:
• more than 150,000 cases of paralytic polio
were prevented
• more than 12,500 deaths from polio
were prevented
• more than US$30 billion per year (in 1999
dollars) was saved.58
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Better health, hygiene
and vaccination
reduces infections
Hygiene and healthcare improvements, such as
widespread availability of antibiotics and better overall
medical support systems, have reduced deaths from
all diseases. However, vaccines have had an additional
substantial impact: deaths in Australia from diphtheria,
whooping cough, tetanus, polio and measles have all
dramatically declined or disappeared since vaccines
were introduced.
The introduction of the Haemophilus influenzae type
b (Hib) vaccine in 2003 and the meningococcal type
C vaccine in 2004 led to a very rapid and noticeable
decline in the number of severe and sometimes fatal
infections. This effect cannot be attributed to any
change in living conditions or medical treatment.
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Are vaccines safe?
It is safer to be vaccinated
than get the disease
All vaccines in use in Australia provide benefits that far
outweigh any risks.2–4,9–11,14,15
Benefits of vaccines include the prevention of disease,
and reduced chances of getting sick, going to hospital
or dying.2–4,9–15
Risks of vaccines may include minor and moderate
side effects, and more rare serious side effects.

1 IN 15

1 IN 4

patients with diphtheria
die from the disease,
whereas serious side
effects from the diphtheria
vaccine are very rare.3

People are more likely
to experience a serious
complication from a
disease, rather than
from the vaccine for
that disease.
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people chronically infected with
hepatitis B will die from cirrhosis
of the liver or from liver cancer.
Vaccination can prevent chronic
infection with hepatitis B.59

In the case of measles infection, the virus erases
the memory cells for other infections like the flu and
intestinal diseases.60 As a result, people can become
susceptible again to catching these diseases despite
being previously immunised against them.61
Many vaccines have the added advantage of
generating more effective protection against
pathogens than through naturally acquiring the
infection. For example, a small amount of tetanus toxin
can cause life-threatening disease but is not enough
to generate enough protective antibodies to prevent
disease if exposed again in the future. By contrast, the
tetanus vaccine has enough of the inactivated toxoid
in it to generate the level of protective antibodies
needed to protect against serious illness.
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Are vaccines safe ?

A local reaction at the injection site,
such as redness, is one sign the immune
system is interacting with the vaccine.
This is normal.

Most reactions from
vaccination are minor
The great majority of side effects that follow
vaccination are minor and short-lived.
The most common side effects for all vaccine types
are ‘local’ reactions at the injection site, such as
redness or swelling, which occur within hours and are
caused by the vaccine. More general or ‘systemic’
reactions, such as fever or tiredness, can also occur
after vaccination, but studies have shown that they are
much less common than local reactions.62
Local reactions are signs that the vaccine is interacting
with the immune system to generate a protective
response. The nature of these reactions varies
depending on the type of vaccine given.
For example, if a person develops a fever due to an
inactivated vaccine, they almost always do so within
24–48 hours—the time when the immune system is
immediately responding to the components of the
vaccine. In contrast, the onset of fever caused by a
live attenuated vaccine, such as the MMR vaccine,
is delayed for 7–12 days. This is due to the time
needed for the attenuated virus in the vaccine to
multiply enough to produce a protective response
from the immune system.63,64

Some adverse events
coincide with, but are not
caused by, vaccination
Symptoms such as fever, rashes, irritability and nasal
snuffles are common, especially among children.
Consequently, it can be difficult to determine how
many of these reactions are caused by a vaccine when
the ‘background rate’ (how often it occurs anyway) in
the same age group is unknown.
In some cases, these kinds of reactions may be
caused by the vaccine. But in other situations, the
symptoms may be unrelated, occurring by chance
at the same time as the vaccination. For this reason,
scientists refer to these kinds of symptoms as ‘adverse
events following immunisation’ to indicate that the
vaccine may not cause events that follow vaccination.
Safety surveillance systems in countries like Australia
require health care providers to report adverse events
that occur following vaccination, regardless of the
cause. The reports are compared with historical trends
to identify any changes requiring special investigation
and assess whether these adverse events are
vaccine-related.
It can be misleading to rely on the reported numbers
of adverse events. Several factors must be considered
to determine if an event is coincidental or caused by
the vaccine. Many adverse events are coincidental.

Many adverse events following a vaccine
injection are coincidental.

Case study: adverse events following vaccination
GROUP 1

MMR VACCINE

GROUP 2

PLACEBO

Researchers in Finland analysed common symptoms in 581 pairs of
twins after one twin received the MMR vaccine and the other was given a
dummy vaccine made of sterile salty water (a placebo).63

1–6 days after the injection: the number of adverse
events in the twin who received the MMR vaccine
was almost identical to those in the twin who
received placebo.
7–12 days after the injection: the vaccinated group
had a measurable increase in symptoms that are
known to be associated with receiving the attenuated
measles vaccine, such as fever, irritability and rash.
On the other hand, when researchers looked at the
frequency of coughing or other cold-like symptoms—
which are common symptoms at any time, regardless
of vaccination—they found no difference between
the two groups.
AUSTRALIAN ACADEMY OF SCIENCE
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Some of the symptoms known to occur after MMR
vaccine were also seen in the group who received the
placebo, but at a lower rate.
In summary, this study showed that many common
symptoms that occur after a vaccine is given are not
caused by the vaccine, but occur by chance at that
same time.63
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Are vaccines safe ?

The MMR vaccine does
not cause autism

F E BRILE SE IZURE S
Febrile seizures are a convulsion in
a child caused by a rise in their body
temperature, usually a fever.

Medical conditions with unknown causes have been
incorrectly linked to particular vaccines. The most
prominent example over the past 25 years is the
claimed link between the MMR vaccine and autism.
Children with autism will often display the first
clinical signs in their second year of life, which also
happens to be the same time that the MMR vaccine is
usually given.

Serious side effects from
vaccines are very rare
Potentially worrying side effects, such as febrile
seizures, have been reported after vaccination.
However, such side effects occur much less often
with the vaccine than they would if a person caught
the disease itself.2,10,12 This is well illustrated in young
children by comparing the frequency of adverse
events from the MMR vaccine with the frequency of
adverse events with measles itself.10

The original suggestion that the MMR vaccine might
be linked to autism was made in 1998. A research
group proposed that the attenuated measles virus in
the vaccine infected the intestine. The research group
leader claimed this led to inflammation that resulted in
lower absorption of nutrients needed for normal brain
development, resulting in developmental conditions
such as autism.

About 3 in every 10,000 children who receive the
MMR vaccine develop a fever high enough to cause
short-lived seizures. In contrast, the risk of such a
fever is more than 30 times greater among children
who develop the disease—affecting about 100 in
10,000 children. Importantly, measles vaccination has
prevented an estimated 23.3 million deaths worldwide.

Many comprehensive studies subsequently ruled out
this suggested link by showing conclusively that rates
of autism are the same among children who have
and have not been vaccinated. Ultimately, the original
report was shown to be fraudulent and was retracted
by the medical journal that published it.
Similarly, any link between autism and thiomersal,
previously used in small quantities as a preservative in
vaccines, has been ruled out.65

Current vaccines used in Australia
have fewer side effects than
previous vaccines.

1 IN 10

young children develop a fever
after receiving influenza vaccine8

9 IN 10

children develop a fever after a
proven influenza infection66

The frequency of side effects associated with some
earlier vaccine preparations (no longer in use in
developed countries such as Australia) was higher
than with the current generation of vaccines.

Likelihood of severe complications (among 1 million children aged under 5 years) from receiving the MMR
vaccine compared to those from having measles 2,10–12
COMPLICATION

MMR VACCINE

MEASLES

Uncommon
complications

Seizures or convulsions
brought on by fever

300 children have seizures

10,000 children have seizures or
convulsions induced by fever

Rare
complications

A temporary tendency to bruise or
bleed more easily (thrombocytopenia)

26 children develop
thrombocytopenia

330 children develop
thrombocytopenia

Severe allergic reactions (anaphylaxis)

Up to four children have a severe
allergic reaction. This is readily treated
with complete recovery

No anaphylaxis cases

Inflammation of the brain (encephalitis),
which may result in permanent brain
damage or death

A maximum of one child may develop
encephalitis

2000 children may develop
encephalitis

Subacute sclerosing panencephalitis
(SSPE), which causes progressive
brain damage and death

No children will get SSPE

10 children get SSPE
several years later

Very rare
complications
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Are vaccines safe ?

Vaccines have not
led to a rise in
autoimmune diseases
Over the past 30 years, the number of people who
develop autoimmune diseases has been increasing,
particularly in societies where rates of infectious
disease have declined. This has raised the question
of whether vaccine use can lead to the development
of autoimmune disorders. Except for the two rare
diseases mentioned below, the answer is no. This
conclusion is based on the stringent monitoring
procedures put in place for detecting side effects of
vaccination.
The first exception is the small increase in the risk
of developing the rare condition known as immune
thrombocytopenic purpura, a condition where
blood fails to clot normally, after receiving the MMR
vaccine. However, the risk of developing this disorder
associated with measles infection itself is more than
10 times greater than that associated with the vaccine.
The other exception is Guillain–Barré syndrome,
a nerve condition, following influenza vaccination.
Again, the risk of developing the disease after
the influenza vaccination is much lower than after
influenza infection.

STEVEN LEWIS / UNSPLASH

AUTOIMMUNE DISE ASE
Autoimmune diseases occur when the immune
system mistakenly attacks the body instead of
invading pathogens.

Vaccines do not cause
allergic diseases
Like autoimmune diseases, allergic diseases such as
asthma have become more common in the developed
world over the past 30 years. However, there is no
significant evidence that vaccines cause allergic
diseases in otherwise healthy people.
Generally, for every 100,000 doses of a vaccine,
less than 1 person will experience a severe allergic
reaction after receiving it—a rate that is extremely
low.43 Nevertheless, people with a history of reactions
to a specific vaccine or vaccine additives, or a strong
family history of allergic disease, should always take
precautions.
Injectable vaccines used in Australia do not contain
detectable amounts of antibiotics such as penicillin or
sulphonamides to which some people may be allergic.
The hepatitis B vaccine is grown in yeast. Although
there have been some isolated reports of possible
severe allergic reactions to this vaccine, the benefits
of receiving the vaccine far outweigh the multiple risks
associated with hepatitis B infection.
M .T E L G A S S I E R / U N S P L A S H
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Are vaccines safe ?

Safety testing
is an essential
component of vaccine
development and use
Careful testing of vaccine safety is an essential part of
vaccine development and manufacture. There are also
ongoing surveillance programs after vaccines have
been introduced into the community.
Before a vaccine can be developed, research is
undertaken to better understand the pathogen and the
disease it causes, helping to determine how potential
vaccines are likely to work.
During vaccine development, safety testing
procedures occur in multiple stages:
The first stage involves preclinical assessment in
the laboratory, usually using animals.67 If a vaccine
fails these safety tests, it cannot progress into
clinical trials.
Vaccines are then evaluated in three phases of
clinical trials:
In Phase I clinical trials, the potential vaccine
(or ‘vaccine candidate’) is given to small numbers
(typically 25–50) of healthy adults with the primary
goal of assessing safety.

Rapid response to risks
associated with vaccines
If a potential problem with a vaccine is detected,
the use of that vaccine may be temporarily paused.
This allows health authorities to investigate what’s
caused the problem and whether it can be linked
to a particular batch of the vaccine. For example,
young children given a particular influenza vaccine
in Australia in 2010 showed an increased risk of
febrile seizures. When the problem first became
apparent, the use of all influenza vaccines in young
children was suspended to allow authorities to identify
the one type of vaccine preparation causing the
problem. Then, influenza vaccines shown not to be
associated with unacceptable rates of febrile seizures
were reintroduced to ensure that protection against
influenza remained available for children at high risk of
complications from the disease.

Phase II clinical trials involve hundreds of
participants and are designed to show how good
a vaccine is in provoking an immune response and
determining the best dosage to use.
Phase III clinical trials aim to demonstrate a
vaccine’s safety and how well it protects against the
target disease across different groups of people,
which usually requires administering the vaccine
to many thousands of potentially susceptible
people. Only after the vaccine has passed each of
these safety and efficacy hurdles is it approved for
widespread community use.
Some side effects of vaccines are so rare that
they are not detected during the extensive
safety testing before a vaccine is approved for
use. To ensure that even very rare side effects
are detected, careful surveillance continues
even after a vaccine candidate has proven to be
effective and has passed all safety checks. The
formal term for this collection of information and
reporting of any suspected adverse events is postlicensure assessment.

S E L F M A G A Z I N E / C C - B Y- 2 . 0
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What does the
future hold for
vaccination?

Advances in vaccine technology are crucial to limit and prevent infectious
diseases around the world, which still account for around 40% of all
recorded deaths globally.68 Changing how existing vaccines are used,
developing new vaccine delivery technologies and generating new
vaccines are some of the ways researchers are working to overcome this
ongoing challenge and save lives.69

New technologies will
improve vaccine delivery
and efficacy

New vaccines are
needed for chronic and
emerging infections

Many technologies under development will improve
the effectiveness of vaccine delivery and make
it simpler.70

Most successful vaccines protect against acute
(short-lived) infections largely through the production
of antibodies. Vaccines for chronic (long-lasting)
infections, especially for HIV, tuberculosis and malaria,
remain a challenge. One of the primary reasons for
this is that the viruses, bacteria and parasites causing
these infections hide from the immune system inside
the person’s cells. To overcome this, a different kind of
immune response involving T cells is required instead
of, or in addition to, an antibody response.77

To make a vaccine that only needs to be given once,
it must either be very powerful or packaged so that its
contents are released intermittently once it has been
administered. Technologies and alternative adjuvants
that can remove the need for multiple shots are under
development.71–73
Currently, many vaccines need to be injected—an
experience that people can find unpleasant, and
may be a serious psychological barrier for some.
Needle-free administration is already possible for
some vaccines, such as live vaccines given orally (e.g.
rotavirus). Researchers are working on edible plantbased vaccine materials, needle-free skin patches and
microneedle injection technologies to get the vaccine
through the skin without discomfort.71,72,74
Technologies for delivering multiple antigens in one
injection are improving. Many different inactivated
vaccines can already be given in one injection without
impairing the immune response to any of them, and
some live virus vaccines can also be given in one
injection.75,76 That means fewer needles for patients
and more efficient vaccine delivery overall.
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There are some infections associated with serious
long-term complications that we don’t yet have a
vaccine for. For instance, infection with the bacterium
Helicobacter pylori means patients are more likely to
develop stomach cancer, and group A streptococcus
infection is responsible for rheumatic fever, which
is still a significant cause of death and disability in
developing countries.78,79
Based on experience with emerging infections
like Ebola and Zika, progress has been made in
developing vaccines that use mRNA (a type of
genetic material) to stimulate some of our own cells
to temporarily produce antigens.80 The research and
progress made in this field contributed to the speed of
development for COVID-19 vaccines.
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What does the future hold for vaccination?

Use of vaccines for
treatment as well as
prevention of diseases
Vaccines also have the potential to be used to treat
diseases, rather than prevent them. Such therapeutic
vaccines are being targeted at persistent infections,
such as shingles and those due to human papilloma
virus. They are also being targeted at non-infectious
conditions, including autoimmune disorders, tumours,
allergies, and drug addiction.
In the case of tumours, the vaccine can either be
directed against the tumour itself or be designed
to amplify the anti-tumour immune response. For
autoimmune or allergic disorders, vaccines are being
designed to switch off unwanted immune responses
(so-called ‘negative vaccination’), rather than switching
on the useful immune response needed for infections
and cancer.81
Promising trials are in progress for vaccines to treat
nicotine and cocaine addictions.

The COVID-19 pandemic:
a global challenge
COVID-19 infection is caused by the SARS-CoV-2
virus, which belongs to the coronavirus family. This
family includes the original SARS-CoV virus responsible
for the SARS epidemic of 2003 and several other
coronaviruses that cause the common cold.
SARS-Cov-2 is thought to have been transmitted to
humans by an animal carrier. The virus carries a ‘spike’
protein that allows it to attach to human body cells,
where it then enters the cell and reproduces.
The World Health Organization officially declared
COVID-19 a pandemic on 11 March 2020.82 To date,
the disease has led to severe illness and death in
millions of people around the world. COVID-19 mainly
affects the lungs but can also damage other parts of the
body, including blood vessels, kidneys, heart and brain.
The scale of the COVID-19 pandemic has
demonstrated the essential role of vaccination in
today’s world. Several vaccines were produced and
implemented in vaccination programs globally within
the first year after the onset of the pandemic, compared
with the previous average vaccine development
time of 10 years.83 This reflects advances in vaccine
technology that will assist us with other infectious
diseases, not just COVID-19.
The rapid development of vaccines for COVID-19 is
also a result of substantial investment, international
collaboration between scientists and increasing the
speed of regulatory review. These factors, combined
with advances in vaccine technology, have enabled
effective vaccines to be created and brought to market
in record time while completing clinical trial phases and
receiving all mandated regulatory and safety approvals.
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Infectious diseases still account
for around 40% of all recorded
deaths in the world.

Vaccine uptake
COVID-19 vaccines are being heralded as one of the
leading solutions to control the pandemic and resume
our previous way of life. Ensuring public confidence
in the COVID-19 vaccines is crucial to facilitate
vaccine uptake.
Despite decades of scientific research into vaccine
safety and effectiveness, some people may still have
concerns about vaccines, or may think that some
diseases are not severe enough to need a vaccine.84
The spread of misinformation about vaccines can also
make it more difficult for people to understand whether
a claim is based on credible scientific evidence.
Good communication about the risks of vaccinepreventable diseases and the safety of vaccines is
important for everyone. Discussing concerns with a
trusted health professional is one of the best ways
for people to understand what scientists and public
health professionals know about a disease and the
best protection against it.85 However, it is equally
important for health professionals to listen openly to
those concerns.86
Ensuring that key groups are protected against
infectious diseases is crucial. In Australia, between 30
and 50% of pregnant women currently receive maternal
influenza vaccines, and while vaccination rates for
children under five years are relatively high, there are
still many more opportunities to ensure these groups
are receiving the highest levels of protection. Making
sure people are confident that vaccination is the best
way to avoid diseases is important, especially in the
case of a global pandemic like COVID-19.
Developing a better understanding of the practical
barriers to vaccination, as well as the social, cognitive
and emotional aspects of making decisions about
vaccines, will help everyone to feel more confident
about keeping their immunisations up to date.87
Although the science of vaccine development is
critical, it can only be fully effective when people
actually receive their vaccines. The act of vaccination
saves lives.

The increased development speed of vaccines
for COVID-19 are a result of improved and
new vaccine technologies being available,
substantial investment, international collaboration
between scientists and increasing the speed of
regulatory review.
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institution that provides science advice and builds public
awareness and understanding of science. This guide was
created to help Australians understand scientific information
about immunisation so that everyone can make well-informed
healthcare decisions. It can be used as a helpful tool for
discussions between healthcare professionals and patients,
between family and friends, and any conversations about
vaccination.
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