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Role of immune system

• Distinguish 
“self’ from 
“non self”.

• Eliminate non-
self



Immune system a sensory organ

• Sight

• Hearing

• Touch

• Immune 
system



The immune system

• Vast Array Of:
– Organs
– Vessels
– Cells
– Molecules 
– Chemicals
– Interconnected with 

rest of body



What drives immunity?



Antigen/shapes

Hepatitis B (source ndp.cigb.edu.cu)

• Drives the 
immune response

• Usually protein or 
sugar

• Vaccines often 
contain purified 
antigen



Antigen:
Antigenic determinant (epitope)

Hen Egg White

www.biology.arizona.edu 



Major Components of 
the immune system

Soluble mediators



Soluble mediators - antibodies

• From memory B-
cells

• Heavy chains differ 
between classes

• Variable region 
specific for antigen

• Constant region 
binds to effectors

• Receptors for Igs on 
a range of cells

www-immuno.path.cam.ac.uk 

Talks to cells
Induces action

Differs between
classes

Recognises
A single shape



5 classes of Antibody
• Structurally slightly different have a range of 

functions.
• IgG

– Most important class of immunoglobulin in secondary 
immune responses.

– crosses the placenta. 

• IgM 
– Predominant antibody in the primary immune 

responses. 

• IgA
– Found primarily in secretions such as breast milk, tears, 

saliva and mucosal membranes. Most abundant

• IgE
– Evolved to provide protection against certain parasitic 

infections however in developed countries it is more 
commonly associated with allergic diseases such as 
asthma and hay fever.

• IgD
– There is little known about this antibody.

IgA

IgM

IgG



Major components of 
the immune system

Cells

Cells



Cells - the immune cell family 
tree

www.bact.wisc.edu/Microtextbook/index.php?mod...



How immunity develops



3 Levels: Non specific, innate 
and specific, immunity

• Non specific
– Mucus
– Skin
– Tears
…..physical 

barriers

• Specific
– Identifies only one 

molecular shape
– First response 

delayed
– Results in memory 

• T-cells, B-cells

• Innate
– Identifies non self
– Alerts the specific 

arm of the 
immune system



Innate immunity: body meets 
bug/shape

A macrophage extends a long, thin projection towards a foreign protein body. 

Images by Lennart Nilsson, Karolinska Inst., Stockholm 



Innate Immunity: swallowing the 
bug/shape

Alveolar macrophage phagocytosis 
of E. coli on the outer surface of a 
blood vessel (lung pleural cavity). 



Innate immunity: phagocytosis – “Eat”

Images by Lennart Nilsson, Karolinska Inst., Stockholm



Innate immunity: dentritic cell 
entering the lymph

Image courtesy 
of Alex McLellan



Innate immunity: journey to the 
lymph nodes

Image courtesy 
of Alex McLellan



Innate to specific immunity: telling 
the specific immune system

http://pathmicro.med.sc.edu/
lecture/dendritic-cell.gif



What happens next?

Specific Immune Memory



Helper T- cells release chemicals 
to promote antibody production



B-cells and antibody - Memory

www.biology.arizona.edu/.../immunology/09t.html



Killer T-cell - killing of target cells

© 2004 The CBR Institute for Biomedical Research, Inc. All rights reserved.



Specific immunity takes time to 
develop

Time

1st exposure
to Antigen

2nd exposure

A
nt

ib
od

y



Types of Immunity

Immunity

Specific
Immunity

Innate
Immunity

Natural

Artificial

Passive
(Maternal)

Active
(Infection)

Passive
(Ab Transfer)

Active
(Vaccination)



Duration of protection

Passive
(Maternal)

Active
(Infection)

Passive
(Ab Transfer)

Active
(Vaccination)

Weeks to months

Years to life-long

Weeks to months

Years to life-long



The infant immune 
system

Implications for infectious diseases and 
vaccination



The infant’s immune 
system – some differences

• Relatively complete however:
– Antigen presentation not as effective
– inefficient  killing of viruses
– Some types of antibody not yet produced –

susceptible to encapsulated bacteria
– Maternal protection can weaken infections 

allowing active immunity to occur naturally
– However potential repertoire is huge!
– Practice makes perfect and education is 

required



Infants: protection from 
Mum

• Pregnancy changes mums 
immune system

• Her T-cell responses are 
reduced

• Maternal antibody (IgG) 
passes to baby through 
placenta 
– passive, temporary

• Breastmilk antibody (IgA) and 
other non specific factors



Breast milk and VPDs

• Significant protection against a range 
of infections

• Little protection against pertussis and 
rotavirus (attenuated?)

• Some studies found enhanced 
responses to vaccines
– BCG, Hib, OPV, tetanus, diphtheria

• Remember – specific protection is 
transient

• Only transfer specific protection if 
mother has been exposed to infection
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Acquisition of passively and actively 
acquired antibody



Challenges for newborn 
immunisation

• Often lower antibody responses 
• Inhibitory influence of maternal 

antibodies
• Some responses qualitatively 

different
• Influenced by vaccine type, dosing, 

age
Examples….



“Coccal” Diseases

• Meningococcal, Pneumococcal, Hib…
• Infants at highest risk

– Inability to produce some antibody subclasses
– Maternal protection (if acquired) wanes by 6 

weeks (CVI 14;11:1442-50)

– 3 doses of vaccine (+)

• Delayed immunisation = no protection 
during most vulnerable period



Babies do not make IgG2 antibody 
until they are 2



What do these antibodies do?



Meningococcal - low antibodies in 
the blood, no protection

cases

Protective
antibody



Whooping 
Cough

• Young infants at highest risk
• Hospitalisations:< 1 year 75% of infected

• Deaths: 90% of all pertussis deaths <4 
weeks 

• No? maternal protection 

• 3 doses of vaccine for protection – 6 
weeks, 3 months and 5 months

• Delayed immunisation (>30 days) = 4 - 6 
times higher risk of hospitalisation



Infant pertussis hospitalisations (US)

US CDC National Centre for Health Statistics



Pertussis immunisation prevents disease 
for longer than it prevents colonisation

Years after 
immunisation

Colonisation Clinical 
pertussis

0 to 1 0 0

2 to 4 + 0

5 or more + +

Ref.  He Q. Journal of Infectious Diseases 1994;4:8 73-7.



Do vaccines really work in young 
infants if their immune systems are 
immature?

• Lower responses to some vaccines
• BCG, whooping cough and Hepatitis B 

very good
• Others not so good - such as MeNZB
• The objective is to protect infants as early as 

possible.



Summary – The infant immune 
system

• The infant immune system is complete but 
naive and immature at birth

• Exposure to microbes drives its 
development

• Mothers protection is important but transient
• Vaccines work with the immune system and 

offer protection at the most vulnerable age
• Even premature babies can respond to 

vaccines



Addressing parent 
concerns

About the infant immune system



Do multiple vaccines overload the 
infant immune system?

• Genital tract flora – 18 
species

• Faecal flora – 400 species
• Breast milk – 8 species

• = > 106 different foreign 
proteins

– More T and B cells 
per cc of blood than 
adults

– 1016 possibilities!

– Huge Capacity



Greater capacity at birth

T-cells mature in the medulla and cortex  region of  the thymus



Multiple vaccines

Year Antigens
– 1900 ~200 (Smallpox vaccine)
– 1960 ~3217 (included smallpox vaccine and 

wPertussis)
– 1980 ~3041 (Included whole cell pertussis 

vaccine)
– 2000 ~50
– Infants receiving NZ scheduled vaccines receive around 

50 different antigens at one time.



Vaccine Ingredients



• “Even its basic makeup defies logic. 
Salt is a blend of sodium and chlorine –
the first is a metal so unstable that it 
bursts into flame when exposed to 
water; the second a lethal gas. When 
we swallow the blend, it forms 
hydrochloric acid in our stomachs…
Suicidal? No, an absolute necessity for 
life.”
– G Young, National Geographic



Would you drink this cocktail?

• Butanol, iso amyl alcohol, hexanol, 
phenol ethanol, tannin, benzyl alcohol, 
caffeine, geraniol, quercetin, 3-galloyl 
epicatchin, 3- galloyl epigallocatchin 
and inorganic salts including 
aluminium



Did you know…

• That the average person has more than 
a trillion atoms of uranium in their body 
and hundreds of these atoms are 
radioactively disintegrating every day?

• John Emsley, Chemical Scientist



What's in a vaccine – if required

• Immune enhancer (adjuvant)
• Excipients*

– Preservatives
– Stabilisers
– Buffers
– Diluents
– Residuals

• Excipient is usually an inert substance other 
than the active ingredient included in the 
manufacturing process or contained in a 
finished pharmaceutical product



Adjuvants – Aluminium 
Salts

• Aluminium salts
– Impressive safety record
– Over 70 years of use as adjuvant
– Methods of action:

• Induction of a range of inflammatory factors
• Depot?

– But not effective for all vaccines
– Newer technology emerging

• Most of our current subunit vaccines use 
Aluminium
– Aluminium hydroxide Al(OH)3 =

• 1 atom of aluminium to 3 each of hydrogen and oxygen. 



Adjuvants – Aluminium Salts

• 8th most abundant element on earth, most common 
metallic element.

• Found in the blood of all animals, including humans , 
constantly exposed

• Average daily intake 10-15mg
• Hep B vaccine has 0.235mg of aluminium. 
• Average water has about 0.2mg of aluminium per litr e
• The amount of aluminium in one dose of HepB = to 

aluminium in a litre of water - or 1 day worth of ba by 
formula (infant formula has increased aluminium).

• Excreted in urine via kidneys



Excipients - Preservatives

• Stop unwanted microbial contamination of 
vaccine

• E.g. 2 – phenoxyethanol – also used in 
cosmetics, baby care products, eye and ear 
drops…
– Absorbed through skin
– Excreted - exhaled, urine, feces
– Metabolised (broken down) and excreted
– little toxicity in man and some toxicity (irritation) with high 

doses in animals
– 11mg Ingested phenoxyethanol excreted in 2-3 days

Toxicol Appl Pharmacol. 2002 Apr 15;180(2):74-82.
WHO FOOD ADDITIVES SERIES: 50



Excipients - Stabilisers

• Inhibit chemical reactions
• i.e. Prevent components separating
• E.g. Albumin (a soluble protein i.e.)

• Gelatin
• Glycine (an AA)

• MSG



Excipients - Buffers

• Resists change in pH, adjust tonicity
• Maintain osmolarity 

• Usually Sodium chloride

Image www.answers.com/topic/isotonic



Excipients – Sufactants/emulsifiers

• Wetting agents that alter the 
surface tension of a liquid 
and lower the tension 
between two liquids - like 
detergent

• i.e. Polysorbate 80 (Tween®)
– Often used in foods such as ice 

cream
– Made from Sorbitol (sugar 

alcohol) and Oleic Acid (omega 
fatty acid)



Excipients - Residual Substances

• Used in manufacturing process, traces may 
remain
– Culture process, components of growth media

• Albumin (water soluble protein)
– Serum albumins (human and bovine)

– Antibiotics
• Neomycin, streptomycin

– Other
• i.e. Formaldehyde (inactivation of viruses and toxins)

• Measured in parts per million and  parts per 
billion



Excipients - Formaldehyde
• Direct contact irritating to tissues at 0.4-3 ppm
• Dangerous at 20ppm
• Found in our bodies

– Produced in tiny amounts – metabolism
– Require for synthesis of DNA

• Found in the Environment
– Pollution – smog, rush hour (up to 2-6ppb) 
– Food – Italian cheese, dried food, fish
– Many everyday products

• Breaks down quickly



Excipients - Formaldehyde

• Does not build up, not stored
• Quickly absorbed and broken down by most 

tissues into formate (non toxic) and excreted –
urine

• Also converted to carbon dioxide - exhaled
• Broken down and recycled
• Average infant has at least 5x level of vaccine
• Quantities 600x over that in vaccines 

considered safe.

Toxicological Profile for Formaldehyde July 1999. Agency for Toxic Substances and 
Disease Registry. United States Public Health Service 



What happens to the injected 
vaccine?

• Antigen carried to lymph node where 
specific response takes place

• Other ingredients excreted via blood, 
kidneys, urine.

Antigen
capture

Lymphocyte activation

Migrate via
afferent lymph

Dendritic cells



Difference between live bugs and 
vaccine antigens

• Bug enters body either 
through a cut or 
respiratory system

• Immune surveillance 
detects invader (shapes)

• Specialised cells eat 
invader and digest into 
bits

• These cells take to 
lymph node and show to 
other cells

• Specific immune 
response generated 

• Bit of bug (usually) 
injected into muscle 

• Immune surveillance 
detects different shapes

• Specialised cells eat 
invader and digest into 
bits

• These cells take to 
lymph node and show to 
other cells

• Specific immune 
response generated 



Image from Blue Banana Designs

Thank you



Cells – T helper cells 1 and 2

• Th1 – cytotoxic 
killing, antiviral

• Th2 – antibody –
humoral immunity

• Cytokines such as 
interferon gamma 
promote Th1

• Cytokines such as 
IL4 promote Th2

• Both are important


