Immunology

Hypersensitivity Diseases
Chapter twelve

Hypersensitivity Diseases
Just as we have seen previously that immunodeﬁciency diseases occur when there is
insufﬁcient immune response to protect the host, too much immune response can
also be damaging. Taken together, the diseases of hypersensitivity discussed in this
chapter can be manifested against foreign or self antigens. In cases where the
injurious stimulus causing hypersensitivity is a foreign immunogen, protection of the
host from exposure can stop the tissue damage. Failures of self-tolerance are called
autoimmune diseases. In cases where the excessive immune response is directed
against one’s own tissues or cells, the only thing that will stop the activation and
damage is the suppression of the immune response.
The hypersensitivity diseases are classiﬁed into 4 types, based on the mechanism of
immune response on which they depend. In each case, they require an initial
“sensitizing” exposure which is usually asymptomatic, and symptoms ensue with
re-exposures.
Type I hypersensitivity is also known as immediate hypersensitivity or atopic allergy.
It depends on IgE antibodies and the degranulation of mast cells and basophils. This
is the physiologic response to helminth parasites, so when this response is misplaced,
against things that are not helminthic, the damage to host tissues ensues.
Type II hypersensitivity is mediated by IgM or IgG autoantibodies against one’s own
cells or tissues, and the subsequent complement activation, opsonization,
phagocytosis, immune lysis and inﬂammation against those cells and tissues in a
localized fashion.
Type III hypersensitivity is caused by immune complexes of antibody and protein
antigen (not whole cells). When the production of these circulating complexes
overwhelms the ability of the spleen to remove them (using C3b opsonization), then
complement-mediated opsonization, phagocytosis and inﬂammation occurs
throughout the small-to-medium sized vasculature of the body. Thus, the damage is
systemic, and not tissue- or organ-speciﬁc.
**Notice that type II and III hypersensitivities have a common mechanism of damage
through complement-mediated inﬂammation. The difference between them is the
nature of the eliciting antigen.
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Type IV hypersensitivity is also known as delayed-type hypersensitivity. It is a
manifestation of the over activation of the TH1 arm of the immune response, and the
activation of the effector cells of CMI. It requires 48-72 hours to observe peak activity
because of the complex cell-to-cell communication required for CMI. The effectors of
damage can be either macrophages or CTLs and their cytokines. Many type IV
hypersensitivities culminate in becoming “mixed” meaning that autoantibodies are
eventually made once tissue damage begins, and those autoantibodies can
exacerbate the damage via immune complex mechanisms. Nevertheless,
hypersensitivities are deﬁned by their initial inciting response, so hopefully it is not
surprising to you at this point that once a TH1 response begins, antibodies can also be
produced.
Type I Hypersensitivity
Examples: allergic rhinitis (hay fever), systemic anaphylaxis to drugs, insect stings,
asthma
First exposure to allergen
APC2 stimulates TH2, IL-4 and IL-13 stimulate isotype switch to IgE

IgE binds to mast cell and basophil FcRε
Omalizumab binds free IgE

Second exposure to same or related allergen, cross-linking
of IgE on cells causes degranulation and release of mediators

Granule contents
Histamine
Heparin
Tryptase
Serotonin
Lysosomal enzymes

Synthesized at Site
Eicosanoids (LTC4, PAF,
PGD2, thromboxane)
IL-4
IL-5
ECF
TNF-α
Major basic protein
(from eosinophil
inﬁltration)
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Mediator

Action

Histamine

Vasodilation, intestinal

Tryptase

Tissue damage,

hypermotility

Therapy
Release inhibitors: Cromolyn,
Nedocromil

complement activation
PGD2

Bronchoconstriction

β2 agonists: salmeterol, formoterol,
albuterol

binds M3 muscarinic receptors
(antagonizes acetylcholine)
Tiotropium

methylxanthine – theophylline
(relaxes smooth muscle)
LTC4

Mucus secretion, increased
endothelial cell adhesion

Lipoxygenase inhibitor:
Zileuton

CysLT1 receptor antagonists:
zaﬁrlukast, montelukast

Corticosteroids inhibit: ﬂuticasone,
budesonide, mometasone,
beclomethasone
PAF, ECF

Leukocyte migration

Steroids

IL-4

Isotype switch to IgE,

Steroids

IL-5

IL-5 recruits eosinophils and

Steroids

lymphocyte activation

causes switch to IgA in
submucosa

TNF-α
Major basic protein
(eosinophils)
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vascular permeability
Lysis helminth cuticle

Benralizumab (anti IL-5R)

Steroids
Corticosteroids can cause

eosinopenia and reduce MBP toxicity

Type II Hypersensitivity
Type II hypersensitivities are all caused by autoantibodies directed against cells or
tissues. Some autoantibodies (cytotoxic) cause cell death by complement activation,
opsonization and inﬂammation, some (non-cytotoxic) cause alteration of the function
of cells by binding to cells without causing lysis. In some cases, the antibodies can be
visualized, binding linearly to tissues, via immunoﬂuorescence or electron microscopy.
Cytotoxic Type II Hypersensitivities:
HDNB*

RF

Goodpasture
Syndrome

Transfusion
Rxn**

ITP

IgG antibodies

Antibodies against

Ab against type IV

IgM antibodies

Abs against platelet

Rh negative mother

Strep pyogenes cell

collagen in

against ABO

membrane proteins

against Rh positive

wall antigen –

basement

glycoproteins

fetus

x-react with

membranes

myocardium
Hemolysis, anemia,

Myocarditis, arthritis Pneumonitis,

hydrops fetalis
Dx: IgG anti-Rh

Rx: RhoGAM

Hemolysis

epithelia, mucosa

nephritis
Dx: ASO titer > 200

Dx: anti-BM

Anti-inﬂammatories Cyclophosphamide,

Bleeding into

IgM

Dx: anti- platelet

isohemagglutinins

memb

Stop transfusion

Steroids

corticosteroids

*Hemolytic disease of the newborn, rheumatic fever, immune thrombocytopenia
**Because of cross-reactive glycolipids on the surface of GI normal ﬂora, all humans
are sensitized against ABO glycoproteins unlike their own. Therefore, transfusion
reactions can occur without evidence of previous mismatched transfusions.
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Non-cytotoxic Type II Hypersensitivities
Graves Disease

Myasthenia gravis

Type II Diabetes

Ab against TSH receptor

Ab against acetylcholine

Ab against insulin receptor

stimulates secretion of T3, T4

receptor, blocks release of

blocks binding of insulin

acetylcholine
Dx: anti-TSH receptor

Dx: anti-AchR, edrophonium test

Dx: glycated hemoglobin (A1C)

Image: exclude thymoma

test above 6.5%

Rx: radioiodine therapy,

Rx: pyridostigmine

Rx: behavior modiﬁcation,

methimazole

(acetylcholinesterase inhibitor),

metformin, meglitinides and

chronic immunosuppression,

sulfonylureas, DPP-4 inhibitors,

plasma exchange plus IVIG and

thiazolidinediones,

thymectomy

α-glucosidase inhibitors, SGLT2
inhibitors, bile acid
sequestrants and dopamine
receptor agonists.
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Type III Hypersensitivities
Type III hypersensitivities are caused by the circulation of antigen-antibody
complexes. These are normally removed by the spleen after opsonization with C3b, but
when the ability of the spleen is overcome (if there are complement deﬁciencies or
simply too many) the binding of the complexes in small-to-medium sized blood vessels
can activate complement and cause inﬂammation in those sites. The antibodies
involved can be autoantibodies or antibodies against foreign antigens, but notice, by
deﬁnition, the type III hypersensitivities are not mounted against intact cells (but
perhaps components of those cells). Because the inﬂammation can occur in any blood
vessel of the appropriate size, the type III hypersensitivities are system-wide
vasculitides associated with ﬁbrinoid necrosis.
Type III Hypersensitivities
SLE*

PSGN*

Arthus
Rxn

Serum
Sickness

HBV-PAN*

Nephritis, arthritis,
vasculitis, malar
rash

Nephritis, granular
deposits on IF or EM,
10 days after GAS
pharyngitis or 3
weeks after GAS
impetigo

Local pain and
edema 4-12 hours
after vaccination

Arthritis, vasculitis,
nephritis 12 hrs to 3
wks after
administration of
foreign protein or
serum

Fever, malaise,
fatigue, anorexia,
myalgia, arthralgia
(large joints)

Abs against dsDNA,
Sm, other
nucleoproteins

Abs against
streptococcal cell
wall Ags

Abs against any
injected protein

Abs against various
proteins

Abs against HBV or
HCV, other cases
idiopathic

Dx: ANA titer > 1:40, 4
ACR* criteria

Dx: Hematuria,
proteinuria, positive
streptozyme

History

History

Dx: immune
complexes to HBV
or HCV, low CH50

Rx: Symptomatic

Rx: Withdrawal of
offending stimulus

Rx: Treat underlying
infection

Rx:
Rx: Symptomatic
hydroxychloroquine, depending on
NSAIDs,
severity
corticosteroids

*Systemic lupus erythematosus, poststreptococcal glomerulonephritis, polyarteritis
nodosa, American College of Rheumatology
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Type IV Hypersensitivities
Type IV hypersensitivities are cell-mediated responses involving TH1 cells and/or TH17
cells directing killing by macrophages, CTLs or neutrophils. Because of the level of
cell-to-cell communication involved, these responses require 48-72 hours to reach their
peak. Once the tissue damage and destruction begin, antibodies can also be
produced which may be used in diagnosis (eg rheumatoid arthritis and pernicious
anemia) and may also contribute to type III hypersensitivity symptoms. In such cases,
the response is said to be mixed, but still categorized by the mechanism of its
origination.
TB test*

Contact
dermatitis

Ag – tuberculin and

Hapten/carrier

mycolic acid

response to Ni, plant

RA*

Hashimoto
Thyroiditis

Ag in synovium

Ag in thyroid

IgM Abs against IgG Fc,

Abs against

anti-CCP

microsomes,

catechols
No Ab

No Ab

thyroglobulin
“Granuloma” at

Itching vesicular lesions

injection site

Destruction articular

CTL killing in thyroid

cartilage and bone

leads to
hypothyroidism

Dx: Size of induration

Dx: determine exposure

Dx: ESR, CRP, anti-CCP

Dx: thyroid hormone,
TSH, Abs against TPO
(thyroid peroxidase)

Remove stimulus,

Rx: NSAIDs, steroids,

Rx: levothyroxine

topical corticosteroids

disease-modifying

sodium for life

for symptomatic relief

anti-rheumatic drugs
(DMARDs), Biologic
agents

*tuberculin, rheumatoid arthritis
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…continued
PA*

MS*

Type 1 Diabetes

Ag – parietal cells

Ag – myelin basic protein

Ag – islet cells

Abs against intrinsic factor

Abs against myelin

Abs against insulin, glutamic
acid decarboxylase

Decreased vitamin B12
absorption, megaloblastic
anemia

Progressive demyelination,
paralysis

Polydipsia, polyphagia, polyuria.

Dx: indirect bilirubin, LDH, serum
cobalamin, folic acid,
methylmalonic acid and
homocysteine assays

Dx: MRI of brain and spinal cord,
CSF exam. Duration of deﬁcit
days to weeks

Dx: Random, non-fasting
plasma glucose of 200 mg/dL
or fasting level of 126 mg/dL

Rx: hydroxycobalamin

Rx: mitoxantrone, teriﬂunomide,
immunomodulatory therapy

Rx: injected insulin

*pernicious anemia, multiple sclerosis
Other type IV hypersensitivities include:
• Guillain-Barré syndrome – response to peripheral nerve gangliosides or myelin.
Ascending paralysis.
• Crohn disease – unknown antigen. Chronic intestinal inﬂammation.
• Celiac disease – gliadin, CTLs against MHC class 1-like molecule. Anti-gliadin,
transglutaminase and endomysial antibodies. Gluten-sensitive enteropathy.
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Why does Autoimmunity Happen?
The short answer is that we don’t know. At its root, it is a failure of self tolerance. There
are triggers that are hormonal, environmental, genetic and infectious. Many microbes
make molecules similar to those of humans, and molecular mimicry can start a
patient responding against the microbe, and then generalizing to attack his or her own
tissues.
HLA molecules have a strong association with autoimmune disease, perhaps because
the shape of individual molecules predispose to presentation of antigens for
recognition:
• HLA B27 – a constellation of diseases such as ankylosing spondylitis, inﬂammatory
bowel disease, reactive arthritis, juvenile idiopathic arthritis and anterior uveitis. The
identiﬁcation of this haplotype is important in diagnosis.
• HLA DR 2 – Multiple sclerosis, Goodpasture syndrome, narcolepsy.
• HLA DR 3 – celiac disease, Graves disease, systemic lupus erythematosus and type 1
diabetes.
• HLA DR 4 – rheumatoid arthritis.
Therapies of Hypersensitivities and Autoimmune Disease
Most therapies target the modiﬁcation of T cell function:
• Proliferation inhibition – cyclosporine
• Cytokine synthesis inhibition – corticosteroids
• T cell killing – cyclophosphamide
New monoclonals have revolutionized the therapy of chronic autoimmune diseases
and are now altered to minimize the possibility that the patient will make an immune
response to the therapy over time. The standardized nomenclature will help you
anticipate the reaction:
• If the name contains “o” it is made in mice (high immunogenicity)
• If the name contains “u” it is a human antibody (less immunogenicity)
• If the name contains “xi” it is chimeric: the variable domains are the only part of
non-human origin
• If the name contains “zu” it is humanized: only the hypervariable regions are of
non-human origin
• If the name contains “xizu” it is chimeric and humanized
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Summary of Hypersensitivities

Figure 39

APC plus
recognition of
TLRs 3, 7, 8, 9 plus
IFN-gamma
from NK cells

IL-1, IL-12, IL-23,
chemokines

APC plus IL-4,
IL-13 from
ILCs

APC1

APC2
Th0

Type IV Hypersensitivities
TH17 cells help
recruit neutrophils
and monocytes
with IL-17 and IL-23

Th1

CMI

Th2

IL-10, TGF-beta

Type I, II, III
Hypersensitivities

HI
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Before you leave, can you…
1. Explain the molecular basis of pathogenesis of the 4 types of hypersensitivity diseases.
2. Identify the cell, tissue or molecule targeted by the major autoimmune diseases.
3. Understand the broad strategies for diagnosis and management of each of these
diseases.
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