Immunology

Active and Passive
Immunotherapy
Chapter nine

Introduction:
One of the most important interfaces between immunological theory and medical
practice has been the development of vaccination and immunotherapy. Other than
improvements in sanitation, vaccination can be asserted to be the single greatest
advancement in human health and wellbeing in the 19th and 20th centuries.
Immunization can be either active or passive, natural or artiﬁcial, and we use each of
these in medicine today:
• Active, natural – recovery from disease confers memory and resistance to
subsequent infection.
• Active, artiﬁcial – vaccination. Introduction of an altered immunogen to create
memory and resistance in the absence of disease and recovery.
• Passive, natural – in utero and during breast feeding, the child receives immune
products passively from the mother.
• Passive, artiﬁcial – in cases where post-exposure prophylaxis is needed, individuals
are given pre-formed immune products from other individuals.
Vaccination
The Centers for Disease Control and Prevention (CDC) publish the national standards
for vaccine protocols yearly (below). These standards consider:
• The immunological capacity of the age group to be treated.
• The epidemiology of exposure to a given pathogen.
• The mechanism of pathogenesis of a particular microbe and the best immune
response to prevent it.
Remember that the development of an active immune response requires 10 days to 2
weeks to reach protective levels. Therefore, vaccination must be begun at least two
weeks in advance of the potential exposure.
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Childhood vaccination recommendations:
Vaccine
Hepatitis B (HepB)

Birth
1st dose

1 mo

2 mos

4 mos

6 mos

9 mos

2nd dose

12 mos

15 mos

18 mos

1st dose

2nd dose See Notes

Diphtheria, tetanus, &acellular
pertussis(DTaP:<7yrs)

1st dose

2nd dose 3rd dose

Haemophilus inﬂuenzae type b
(Hib)

1st dose

2nd dose See Notes

3rd or 4th dose
See notes

Pneumococcal conjugate
(PCV13)

1st dose

2nd dose 3rd dose

4th dose

Inactivated poliovirus
(IPV:<18 yrs)

1st dose

2nd dose

4th dose

7-10 yrs

11-12 yrs

16 yrs

17-18 yrs

Annual vaccination 1 dose only
Annual vaccination
1 or 2 doses

Inﬂuenza (LAIV)
See Notes

Vericella (VAR)
See Notes

1st dose

2nd dose

1st dose

2nd dose

or
Annual vaccination 1 dose only

2-dose series, See Notes
See Notes

1st dose

Tetanus, diphtheria, &acellular
pertussis (Tdap: ≥7 yrs)

Tdap

Human papillomavirus (HPV)

See
Notes

2nd dose

See Notes

Meningococcal B
Pneumococcal polysaccharide
(PPSV23)

13-15 yrs

5th dose

Annual vaccination 1 or 2 doses

Or

Meningococcal (MenACWY-D
≥9mos; MenACWY-CRM≥2 mos)

4-6 yrs

4th dose

3rd dose

Inﬂuenza (IIV)

Hepatitis A (HepA)

2-3 yrs

3rd dose

Rotavirus (RV) RV1 (2-dose
series); RV5 (3-dose series)

Measles, mumps, rubella (MMR)

19-23
mos

See Notes

cdc.gov/vaccines/schedules 2020
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The Development of the Pediatric Immune Response

Figure 34
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• In utero and in early months, the child’s immune response is tilted toward tolerance.
• Innate immune responses are at adult levels by 1 year.
• T cells are fully functional, but naïve at birth.
• T cell independent antibody responses require 2 years for development
• Adult levels of all antibody isotypes are not present until 5 years.
• Transfer of transplacental IgG begins at 28 weeks and peaks before birth.
• Transplacental IgG protects the child for the ﬁrst 6 months after birth but is
undetectable by 1 year.
• IgA in colostrum and breast milk passively protects oral mucosa, upper respiratory
and gastrointestinal tracts and inner openings of eustachian tubes.
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Pediatric Bacterial Vaccines
Epidemiology

Respiratory or
traumatic

Vaccine

DTaP

Contents*

Response

Toxoid of C. diphtheriae

Antitoxin, IgG

Toxoid of C. tetani

Antitoxin, IgG

Toxoid plus ﬁlamentous
hemagglutinin of
B. pertussis

Antitoxin, IgG

Anti-capsular
antibodies, IgG

Respiratory

HiB

Capsule type B
(polysaccharide) of
H. inﬂuenzae plus
diphtheria toxoid
(protein)

Respiratory

PCV

13 capsular serotypes of
S. pneumoniae plus
diphtheria toxoid

Anti-capsular
antibodies, IgG

Respiratory

MCV4

4 capsular serotypes of
N. meningitidis (YWCA)
plus diphtheria toxoid

Anti-capsular
antibodies, IgG

*All pediatric vaccines must be T-cell dependent antigens (contain protein) or isotype
switching will not happen. The protein acts as the carrier (recognized in the MHC
groove by the TCR) and the capsular polysaccharide acts as the hapten (bound to the
BCR).

5

Pediatric Viral Vaccines
Live, attenuated – best immunogenicity but potential for danger in
immunocompromised. Measles, mumps, rubella, rotavirus, varicella zoster, Sabin Polio,
intranasal inﬂuenza.
Killed – safe in all patients, elicits only humoral response. Salk polio, rabies, injectable
inﬂuenza, hepatitis A. Mnemonic: Rest In Peace Always
Recombinant DNA – safe in all patients, elicits only humoral response. Hepatitis B,
human papilloma virus
Epidemiology

Vaccine
MMR

Route
Injection

Contents*

Response

Live, atten

CMI and HI

killed

HI

Live, atten

CMI and HI

Varicella
Respiratory

Inﬂuenza
Inﬂuenza

Intranasal

mucosal
Polio Salk

Injection

killed

HI

Polio Sabin

oral

Live, atten

CMI and HI

GI

mucosal
Rotavirus

oral

Live, atten

CMI and HI
mucosal

Sexual

Hepatitis A

Injection

killed

HI

Hepatitis B

Injection

Recombinant

HI

HPV

Injection

Recombinant

HI

*Adjuvants are added to vaccines to increase the speed and amplitude of the
immune response. They do not change the nature of the response but are believed to
increase non-speciﬁc inﬂammation. The only adjuvants cleared for use in the US are
the mineral salts alum and calcium phosphate. Adjuvants cannot be used in live,
attenuated vaccines because they would inactivate the virus.
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Vaccines in Special Patient Populations
INDICATION
HIV infection CD4+count1

VACCINE

Pregnancy

Immunocompromised status
(excluding HIV
infection)

<15% and
total CD4
cell count of
<200/mm3

≥15% and
total CD4
cell count of
≥200/mm3

Kidney failure,
end-stage renal
disease, on
hemodialysis

Heart disease, chronic
lung disease

Asplenia and
persistent
complement
component
deﬁciencies

CSF leaks/
cochlear
implants

Chronic
liver
disease

Diabetes

Hepatitis B
Rotavirus

SCID2

Diphtheria, tetanus, &
accellular pertussis(DTaP)
Haemophilus inﬂuenzae
type b
Pneumococcal conjugate
Inactivated poliovirus
Inﬂuenza (IIV)
or
Inﬂuenza (LAIV)

Asthma, wheezing: 2-4yrs3

Measles, mumps, rubella
Vericella
Hepatitis A
Meningococcal ACWY
Tetanus, diphtheria, &
acellular pertussis(Tdap)
Human papillomavirus
Meningococcal B
Pneumococcal
polysaccharide
Vaccination
according to the
routine schedule
recommended

Recommended for
persons with an
additional risk factor
for which the vaccine
would be indicated

Vaccination is recommended,
and additional doses may be
necessary based on medical
condition. See Notes.

The Immune Response in Adults

Contraindicated oruse not
recommended-vaccine
should not be administered
because of risk for serious
adverse reaction

Precation-vaccine
might be indicated if
beneﬁr of protection
outweighs risk of
adverse reaction

Delay vaccination
until after pregnancy
if vaccine indicated

Figure 35
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Vaccines for the Elderly
1. Varicella zoster – live attenuated (1 dose) or recombinant DNA (2 doses) to prevent
shingles, 60 years of age.
2. Pneumococcal – one dose of PCV13 followed by yearly doses of PPV23 (no protein
conjugation in PPV) starting at 65
3. Inﬂuenza – intramuscular, killed, yearly
4. Tetanus/diphtheria (Td) – 10 year boosters
Passive Immunotherapy
When there is insufﬁcient time for a protective response to be made after exposure to
a pathogen, or when the patient is incapable of making a response because of
immunodeﬁciency, preformed antibodies can be administered. It is important to
remember that administration of immunoglobulins from other humans is always more
dangerous than vaccination, because the antibodies themselves can be regarded as
foreign proteins. Minor differences in amino acid sequences within the constant
domains of heavy and light chains (allotypes) are inherited from one’s parents and
may be recognized as foreign by others. When the result of such immune recognition
is the production of an antibody against the therapy, immune complex disease can
result (type III hypersensitivities), and when the antibody made is of IgE isotype, fatal
anaphylaxis can result (type 1 hypersensitivity).
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#MMC
1. Patients with selective IgA deﬁciency are at high risk for development of
anaphylactic responses against minute amounts of IgA contained in matched
whole blood transfusions. Can you imagine why this is so?
2. Why are live viral vaccines not given before 6 months of age?
3. A child is born with positive speciﬁc serology, IgG isotype, against HIV. Is this
diagnostic? Explain.
4. Can you predict when children will ﬁrst present with primary immunodeﬁciencies
involving antibody synthesis?
5. Premature infants delivered before 28 weeks gestation are at high risk for
respiratory and systemic pathogens. Based on what you understand about the
development of the gestational and pediatric immune response, should the
vaccination schedule for preemies be age-adjusted? In other words, should
vaccines be delayed to correct for the gestational age of the early delivery?
6. The adenovirus vaccine developed by the military uses live virulent respiratory
strains of the virus administered orally in enteric coated capsules. Can you explain
the strategy?
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Before you leave, can you….
1. Describe the types of immunotherapies which are used in medicine.
2. Explain how the development of the pediatric immune response affects our
strategies for vaccination.
3. Know the contents of the bacterial and viral vaccines, and the strategies for their
use.
4. Describe the pros and cons of the 3 categories of viral vaccines as pertains to their
safety and immunogenicity.
5. Be able to list the common pediatric vaccines and explain how they work at the
molecular level.
6. Explain the role of the hapten/carrier effect in the HiB, PCV and MCV4 vaccines.
7. Know the contraindications for the major vaccines.
8. Predict the vaccination protocol for special risk and elderly patients and explain
why they are used.
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