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Gell and Coombs classified hypersensitivity reactions
into four ‘types’. I suggest that the premise that these
reactions represent ‘hypersensitivity’ manifestations is
limiting and that they represent four major strategies
that the body uses to combat infectious agents. I
further propose that there is a fifth strategy that was
not envisioned in the Gell and Coombs classification.
The word ‘allergy’ was first used by von Pirquet, to denote
both host-protective and potentially host-injurious
immune responses [1]. In a similar vein, the word
‘hypersensitivity’ was first described as denoting the
status of a mammalian organism after exposure to an
infectious agent. The mammal is then ‘hypersensitive’ to
this agent and therefore able to deal with it effectively on
second exposure. Over the past century, however, these
two terms have acquired the connotation of deleterious
responses. It is in the context of this deleterious connotation that Gell and Coombs developed their widely accepted
classification of hypersensitivity reactions [2]. This classification has bewildered countless generations of medical
students, who have found it difficult to pigeon-hole
‘immune disorders’ into this classification. Part of the
confusion could be owing to the focus on ‘antigens’. It is
increasingly clear that the immune system is designed to
combat infections. It recognizes invasive organisms by
detecting the presence of molecules that are structurally
foreign. The immunological response to these ‘antigens’ is
a byproduct of the recognition of invasive organisms and
not the primary evolutionary drive for its existence. It is
perhaps a reflection on the confusing nature of this scheme
that recent editions of textbooks of medicine (for instance,
Harrison’s Principles of Internal Medicine [3]) eschew this
classification and instead describe diseases of immunopathological origin or overtones in terms of the putative
mechanism of injury [4].
Despite the apparent disfavor to which the Gell and
Coombs classification has fallen at least in some circles
over the past few years, I would like to propose that it is
useful in the original meaning of the term allergy. The four
‘types’ of hypersensitivity reactions can be viewed as
describing broad strategies that the body uses in order to
combat classes of infectious agents. I would further like to
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propose that the mammalian organism uses a fifth
strategy, another ‘hypersensitivity reaction’, which was
not specifically conceived by Gell and Coombs.
Type I ‘hypersensitivity’ reaction
Of the four major hypersensitivity reactions, this has the
most clear-cut immunopathological correlation. In the
Gell – Coombs conception, disorders, such as hay fever or
allergic asthma, are classic examples of Type I hypersensitivity. They implied that these disorders are driven
predominantly by IgE bound to mast cells. On engagement
of the cytophilic IgE with its appropriate antigen, mastcell degranulation and subsequent release of histamine
(causing an immediate reaction), leukotrienes (resulting
in the more delayed symptoms) and other mediators, the
classic symptoms of allergic airway disease result.

…disorders, such as hay fever or
allergic asthma, are classic examples
of Type I hypersensitivity.
Because immune reactions are more likely to have
arisen for host protective reasons than purely for the
discomfort of the host, I suggest that Type I hypersensitivity is a strategy designed to prevent multicellular,
metazoan parasites from taking up residence in the
respiratory and gastrointestinal systems. The result of
mast-cell degranulation is not only vasodilatation and the
outpouring of exudative fluid but also goblet-cell hyperplasia, synthesis of mucin of increased viscosity and
increased peristaltic movement. It is clear that these
strategies are used by the body to eliminate gastrointestinal pathogens. Indeed, the work of Carlisle et al. [5] has
clearly demonstrated that parasitic nematodes can be
successfully eliminated by the host by entrapment in
mucin of such viscosity that the parasite does not
successfully enter the epithelial cells lining the gut, the
ecosystem in which it can further its morphogenesis. Thus,
the viscous, inspissated mucus that is one of the troubling
symptoms of asthmatic patients has a host-protective
role in parasitic infection. Similarly, the longstanding
work of Finkelman et al. [6] has shown that permutations
of IgE, mast-cell and eosinophil degranulation, and
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epithelial-, Paneth- and smooth muscle-cell activity are
responsible for host protection in parasitic infections.
Type II hypersensitivity reactions
In the Gell –Coombs formulation, Type II hypersensitivity
reactions are characterized by antigen–antibody interactions,
resulting in the local production of anaphylotoxin (C5a), the
recruitment of polymorphonuclear leukocytes (PMNs) and
subsequent tissue injury due to the release of hydrolytic
neutrophil enzymes after their autolysis. Classic examples
of this kind of hypersensitivity reactions are the vasculitides.

…Type II hypersensitivity reactions
are characterized by antigen–
antibody interactions, resulting in
the local production of … C5a, …
recruitment of … PMNs and
subsequent tissue injury…
I propose that this reaction is the strategy used by the
mammalian organism to deal with small extracellular
pathogens that can be successfully ingested and subsequently killed by PMNs. The two reactions that are seen
as ‘deleterious’ are merely designed to perform two
important host-protective actions. First, the interaction
of antibodies with ‘antigens’ is designed to permit the
opsonization of extracellular bacteria that might be
resistant to phagocytosis. Second, the release of neutrophil
chemoattractants (such as C5a) are designed to attract
PMNs to the site of inflammation. Thus, as might be the
case in the Type I hypersensitivity reactions, Type II
hypersensitivity reactions would be host-destructive only
when they occur inappropriately, more intensely than
designed or as a result of a misperception of the presence of
a foreign invader, even although there is no real threat.
Type III hypersensitivity reaction
In the Gell – Coombs system, Type III hypersensitivity
reactions occur when antibody reactions occur in the
blood, resulting in the formation of antigen– antibody
complexes, which are deposited in the glomerular and/or
pulmonary basement membranes. Here, the very presence
of these complexes, in addition to the PMNs attracted by
complement activation, results in tissue injury and
compromised function.
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antigen– antibody reactions occurring in the bloodstream
during the viremic phase would prevent the virus from
reaching potential target cells and causing further
damage. The potential deleterious outcome of these
reactions is the one visualized by Gell and Coombs in
their formulation. However, under most physiological
circumstances, the outcome is probably more favorable
to the host. Early in the development of immunology as a
discipline, Heidelberger found that the amount of complement per complexed antibody molecule decreased as the
amount of fresh serum was increased [7]. The solution to
this counter-intuitive observation came from the work of
Miller and Nussenzweig who first showed that the binding
of complement to antigen– antibody complexes has an
unexpected result [8]. Although the mechanisms are not
yet fully understood, the binding of excess complement
(primarily C3) to preformed antigen– antibody complexes
results in their disaggregation into smaller entities that no
longer bind more complement. Takahashi et al. [9] further
showed that these complexes do not activate the lytic
components of complement and do not release anaphylotoxins. They also showed that these smaller complexes can
be ingested by the reticulo-endothelial system (RES; the
complex of littoral macrophages in the spleen and liver)
and eliminated. Thus, this reaction, the formation of
antigen– antibody complexes has, in fact, a host protective
response and is perhaps the ideal one to eliminate
circulating viral particles. In this context, it is interesting
to note that clinicians have long noted that renal disease in
systemic lupus erythematosis (SLE) is inversely related to
complement levels [8]. It is tempting to suggest that the
mechanism delineated by the work of Nussenzweig and
Takahashi does not take place when C3 falls below critical
levels, resulting in the failure to degrade antigen– antibody
complexes into small, soluble fragments, and permitting their
deposition in areas that are inimical to the host. Thus, as with
other ‘hypersensitivity reactions’, it appears highly likely that
the ‘Type III hypersensitivity reaction’ was evolutionarily
designed for protection and becomes deleterious when the
demands exceed the capacity of the system.
Type IV hypersensitivity reactions or cell-mediated
reactions
Gell and Coombs conceived several organ-specific autoimmune disorders as falling into the Type IV hypersensitivity reactions. One example would be insulitis, seen in the
early phases of insulin-dependent diabetes mellitus. Here,
the islets of Langerhans are infiltrated by a mixed cellular
population comprising T cells, macrophages, natural killer
(NK) cells and other leukocytes. Destruction of host cells
ensues, by a combination of apoptotic death and cytotoxicity.

…Type III hypersensitivity reactions
occur when antibody reactions occur
…, resulting in the formation of
antigen – antibody complexes…

…several organ-specific
autoimmune disorders [are] Type IV
hypersensitivity reactions.

I propose that the evolutionary drive for this reaction is
to handle circulating viral particles. In nature, the

As for the other cases of ‘hypersensitivity’, this reaction
is clearly an aberration of a well orchestrated cellular
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response to pathogens. Viral infections are best dealt with
by the mobilization of cytotoxic T cells, which can delete
infected cells before they can produce more viral progeny.
The relationship of the Type IV cell-mediated response to
both host protection and injury is quite clear. Using the
paradigm of insulin dependent diabetes mellitus, it is not
surprising that there appears to be a relationship between
antecedent viral infection, susceptible MHC class II alleles
and the onset of insulitis [10]. The mechanisms that
underlie host protection (control of cell proliferation and
metabolism by cytokines; induction of apoptosis of target
cells by Fas– FasL interactions or by perforin-granzyme
mediated apoptosis) are similar to those that cause
deleterious effects to the host.
Type V hypersensitivity?
In this context, I would like to raise the possibility that
there is another strategy that is used by the body to deal
with a class of infectious agents, for which there is perhaps
a deleterious (‘hypersensitive’) outcome as well. This
paradigm is phylogenetically ancient, and appears to be
used by many metazoan genera (even phyla) to deal with
large, metazoan extracellular parasites. Strand and Pech
[11] and Christensen and Fortan [12] have independently
documented the response of insects to the presence of
nematode larvae within them. In many of these instances,
resistant strains or species of insects ensheath invading
organisms with pseudo-coelomic hemocytes, followed
(often) by a series of reactions resulting in the deposition
of melanin. This ensheathment and melaninization results
in the death of the parasite. The latter of these reactions
(melaninization) does not appear to be used by mammalian
cells but the process of ensheathment of indigestible
foreign material is used and is referred to as granuloma
formation. In contrast to invertebrate organisms, in which
the reaction is mediated entirely by what would be called
the innate immune defense, some mammalian granulomas
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are orchestrated by the adaptive immune system, particularly T cells. Granulomas are clearly effective in
mediating host protection and are widely used in dealing
with both inanimate foreign objects (foreign body granulomas) as well as diverse infectious agents, including
mycobacteria, fungi and perhaps metazoan extracellular
parasites. There are at least three distinct forms of the
granulomatous response. The first of these has been called
the non-immune or ‘foreign body’ granuloma by pathologists. This seems to take place in the absence of adaptive
immunity and might be evolutionarily closest to the
ensheathment reaction of insects. In the pathology
literature, all other granulomas are ‘immune’ and are
typified by the formation of epitheloid cells (modified
macrophages). Characterization of cytokine responses has
shown that there are at least two different ‘immune’
granulomas. One is typified by a Type 1 cytokine milieu
and is seen in response to pathogens, such as Mycobacterium tuberculosis. The second is characterized by a Type 2
milieu and is seen in response to extracellular, multicellular metazoan parasites, such as the Schistosomes.

…possibility … there is another
strategy that is used by the body to
deal with a class of infectious agents,
… [with] perhaps a …
‘hypersensitive’ outcome as well.
Conceivably, the ‘hypersensitivity’ counterpart to this is
sarcoidosis. Sarcoidosis has long been known as a disease
characterized by the formation of disseminated granulomas, with no known etiological agent despite the best
efforts of countless researchers. Granuloma formation

Table 1. Infection-centric view of immune responses
Pathogen

Gell –Coombs
scheme

Effector mechanism

Possible untoward consequences

Gastrointestinal or respiratory tract
multicellular, metazoan parasites

Type I

Anaphylaxis, hay fever, asthma

Extracellular microorganisms
(staphylococci, streptococci)

Type II

Orchestrated by Th2 cells.
Effectors include IgE antibody
(þ IgE1 in mouse), mast
cells, Paneth cells, mucosal
glands, smooth muscle cells
Antibodies to surface antigens
of microorganisms, C5a release,
chemotaxis of polymorphonuclear
leukocytes (PMNs) to site of
infection

Circulating viral particles, such
as in viremia

Type III

Viral or intracellular bacterial
infection

Type IV

Extracellular, indigestible agents,
such as Mycobacterium tuberculosis,
Schistosome eggs

Not included
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Antibodies complexing with and
inactivating circulating viral particles;
subsequent solubilization by C0 .
CD4 and CD8 cells
recognizing MHC antigens presenting
viral peptides
Formation of granulomas that
encapsulate and isolate the
pathogen. Driven by innate
immunity (‘foreign body’) or type 1
(M. tuberculosis infections) or type 2
(Schistosome eggs) cytokines

Certain drug reactions; the
vasculitides such as polyarteritis
nodosa; Graves disease (agonist
antibody to thyroid stimulating);
myasthenia gravis (antagonist
antibody to acetylcholine receptor)
Immune complex disease, such
as in systemic lupus
erythematosus (SLE)
Insulin dependent diabetes;
Hashimoto’s thyroiditis
Sarcoidosis?
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often proceeds to the point that deleterious consequences
ensue. Is it possible, consistent with the other ‘hypersensitivity’ reactions, that sarcoidosis is merely another
instance of the host response to an imagined insult or an
over-reaction to a real but as yet undiscovered infectious
agent? If this were so, we should add a ‘Type V’ category to
the Gell– Coombs classification.
In summary, the classical work of Gell and Coombs in
classifying hypersensitivity reactions has not stood the
test of time very well (Table 1). In part this appears to be
because the classification has focused on the deleterious
consequences to the host, without necessarily paying
attention to their evolutionary drive. Perhaps it is useful
to consider these reactions not only from the deleterious
aspect but perhaps from the host protective aspect as well.
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