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| Core Messages
∑ Allergic eye disease affects a reported
20 % of the population worldwide and
may be increasing in line with other atopic
diseases, such as asthma, as a result of
environmental factors
∑ Other pathological mechanisms, in addition to the standard type I hypersensitivity
reaction, have been recently implicated in
the pathogenesis of allergic eye disease
∑ Established treatments have targeted mast
cells, but as a result of our greater understanding of the mechanisms involved in
eye allergy, researchers are now concentrating on other cell types, such as eosinophils
and dendritic cells, as potential targets for
immunomodulation
∑ Other areas of investigation to elucidate
novel treatment strategies include the
study of the genetics of ocular allergy,
the role of environmental factors in the
pathogenesis of ocular allergy, and the
use of immunostimulatory DNA sequences
that can inhibit the allergic response

14.1
Introduction
Owing to the fact that the eye is one of the first
organs to encounter environmental allergens,
allergic eye disease has become a common ocular problem, estimated to affect about 20 % of
the population worldwide [51]. Allergic eye disease is one of a spectrum of diseases that share
a common initiating mechanism and pattern of

inflammation and is a problem that is widespread among individuals who suffer with allergies. Although the incidence of allergic eye
disease varies by geographical location, its
prevalence is difficult to gauge as allergies tend
to be underreported. A recent survey conducted
by the American College of Allergy, Asthma and
Immunology found that 35 % of families interviewed in the United States experienced allergies, 50 % of whom reported associated eye
symptoms [48]. However, this prevalence is set
to increase probably as a result of environmental factors. For example, the morbidity and mortality of asthma have increased with this, coinciding with the increase in house dust mite
levels, and are greatest in communities exposed
to high allergen levels [32].
Geographical variations, the lack of any
clear-cut objective diagnostic criteria and the
difficulty over the diagnosis – especially when it
is the sole manifestation of atopy – have made it
difficult to report the incidence rates for different forms of allergic eye disease. In the past,
clinical features were used to classify allergic
eye disease, but recent work that has defined the
underlying pathogenic mechanisms has provided an understanding of the cellular and mediator mechanisms involved, thereby enabling a
better understanding of the disease process and
the development of more effective treatments.
Allergic conjunctivitis is typically divided
into five types: seasonal allergic conjunctivitis
(SAC), perennial allergic conjunctivitis (PAC),
vernal keratoconjunctivitis (VKC), atopic keratoconjunctivitis (AKC) and giant papillary conjunctivitis (GPC). The latter is an iatrogenic disease associated with foreign bodies on the eye,
such as contact lenses and ocular prostheses.
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Although not always included in this grouping,
it is thought to have a possible allergic mechanism because of the predominance of mast
cells. GPC invariably resolves when the cause is
removed and keratopathy is rare.
The aim of this review will be to focus on the
underlying mechanisms of allergic eye disease
and the current classification of the various disease manifestations. Treatment modalities, both
well established and new innovations, will also
be discussed.

14.2
Pathophysiology
Ocular allergic disease is typically associated
with immunoglobulin E mediated mast cell
activation (type I immediate hypersensitivity
reaction) in the conjunctival tissue. However,
recent data from several groups indicate that
other additional mechanisms can also be involved in causing a red, allergic eye.

14.2.1
Type I Hypersensitivity
The allergic response begins when allergen is
encountered by an antigen presenting cell (APC),
either directly or as part of an immune complex
with immunoglobulin. The APCs then process
and present the allergen to CD4+ T cells as a
peptide fragment in association with the major
histocompatibility (MHC) class II molecule.
These T cells are then polarized into T helper
type 1 (Th1) cells and T helper type 2 (Th2) cells.
The Th2 cells produce a variety of interleukins,
two of which – IL-4 and IL-13 – stimulate immunoglobulin class switching of B cells from
producing IgM to producing IgE. This immunoglobulin binds to high affinity receptors
(FceRI) on the surface of mast cells and basophils. Subsequent encounter with this allergen results in the cross linkage of IgE bound to
FceRI on the surface of mast cells and a cascade
of signal transduction with a resultant release of
preformed and newly synthesized mediators.
Tissue fibroblasts and epithelial cells are also
triggered by Th2 cells to produce chemokines

such as monocyte chemoattractant protein-1
(MCP-1), eotaxin-1, or the protein regulated on
activation normal T-cell expressed and secreted
(RANTES), resulting in the migration of inflammatory cells into the site of allergen exposure
[5].
This sensitized mast cell mediated response
is responsible for many of the symptoms seen in
SAC and PAC – such as itching, redness and eyelid swelling – with most of these patients having
a positive family history of atopy and raised levels of allergen specific IgE in the serum and
tears [32]. Immunohistochemical studies have
shown that in SAC there is a significant increase
in the numbers of conjunctival mast cells, which
correlates with the patient’s severity of symptoms [32]. A number of proinflammatory cytokines are released by mast cells and these include histamine, leukotriene C4, prostaglandin
D2, platelet-activating factor (PAF), tryptase,
chymase, cathepsin G and other eosinophil and
neutrophil chemoattractants in what is termed
the early phase response [32]. This response
lasts for a maximum of 20 min after allergen
activation and includes enhanced tear levels of
histamine, protease tryptase, and leukotrienes,
and an increase in the number of eosinophils
[46]. At about 6 h a late phase response occurs
which includes a second peak of tear histamine
(without an increase in tryptase) and an increase in tissue adhesion molecules E-selectin
and interstitial cell adhesion molecule 1 (ICAM1), which is followed by an influx of inflammatory cells such as neutrophils, T cells, basophils
and eosinophils [46]. The presence of tear histamine and the absence of tear tryptase in the late
phase response may indicate that basophils, as
opposed to mast cells, are involved.
Mast cells are also known to synthesize, store
and release a number of cytokines such as IL-4,
IL-5, IL-8, IL-13 and TNFa [46]. Cytokine involvement, particularly the Th2 cytokines, has
been the focus of many studies recently looking
into the mechanisms of ocular allergy. It is
known, for example, that IL-4 plays a key role in
allergic inflammation by promoting T-cell
growth, by inducing the production of IgE from
B cells, by upregulating the adhesion molecule
vascular cell adhesion molecule 1 (VCAM 1),
and by regulating the differentiation of the Th2
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subset, which is essential for the allergic reaction [19, 31].
Physiologically, mast cells represent a heterogeneous population. They are subdivided on the
basis of their ultrastructural characteristics,
protease content, and T-lymphocyte dependency [49]. In humans, mast cells that contain
tryptases, chymases, carboxypeptidase A, and
cathepsin G are designated MCTC and those that
contain tryptase only are designated MCT. Although both subtypes develop from the same
CD34+ mononuclear precursor, the MCT subtype is dependent on the presence of T lymphocytes, present at mucosal surfaces, and increases in number in aeroallergen driven allergic
disease, whilst the MCTC subtype appears to be
independent of T cells but its development
requires fibroblastic derived growth factors,
which are predominant in connective and
perivascular tissues, and is characteristic of
fibrotic processes [32]. Normally, approximately
80 % of conjunctival mast cells are of the MCTC
phenotype and are mainly subepithelial in distribution, with the rest being MCT, but during
allergic inflammation such as that seen in SAC,
VKC or AKC, the numbers of the latter type increase in the epithelial and subepithelial layers
[37]. In the chronic and fibrosing condition
AKC, however, the MCTC subtype predominates,
perhaps indicating an important transition
from a simple mediator driven disorder to that
of chronic inflammation leading to conjunctival
fibrosis [37].

more persistent and progressed to a late-phase
reaction. Typically, high doses of allergen induced a continuous reaction manifested by
burning, redness, itching, tearing and a foreign
body sensation that began 4–8 h after challenge
and persisted for up to 24 h. This clinical reaction was accompanied by a significant recruitment of inflammatory cells in tears. Neutrophils
first appeared about 20 min after challenge,
with eosinophils and lymphocytes increasing in
prominence 6–24 h after challenge.
The eosinophil predominates in the late
phase reaction. It is a powerful effector cell,
releasing arginine rich toxic proteins capable of
causing corneal epithelial damage [32]. Normally, eosinophils are not found in the conjunctival
epithelium of non-atopic subjects but the numbers are increased in the conjunctival epithelium, subepithelium and tears of patients with
AKC and, to a greater extent, VKC patients.
Furthermore, this increase in eosinophils and
eosinophil products [e.g. eosinophil peroxidase, eosinophil cationic protein (ECP)] is also
present in both skin test positive and skin test
negative VKC and is not confined to ocular tissues. This suggests that, in at least some forms of
allergic conjunctivitis such as VKC, eosinophilic
infiltration – and not IgE sensitization – is the
more relevant feature of the disease and is associated with signs of systemic activation of
eosinophils [10].

14.2.3
Non-specific Conjunctival Hyperreactivity
14.2.2
Ocular Inflammatory Reaction:
Late Phase
A late phase reaction sustained by a complex
network of inflammatory cells and mediators
can also occur in the eye. This has been demonstrated in humans using allergen for conjunctival provocation of allergic subjects [10]. Allergen challenge caused the typical early-phase
reaction within 20 min, with the initial reaction
being dose dependent. With smaller doses of
allergen the reaction was not so pronounced
and spontaneous recovery occurred within a
brief period. With larger doses, the reaction was

Non-specific stimuli can also cause target organ
hyperreactivity and this is thought to play a role
in allergic diseases of the eye. It is postulated
that “non-specific conjunctival hyperreactivity”
may represent a distinct pathophysiological abnormality in allergic eye disease [10]. The variability of symptoms experienced in allergic
conjunctivitis which do not correlate with environmental changes such as the levels of sensitizing allergens, as well as the ocular reaction induced by non-sensitizing stimuli, may well be
explained by this non-specific hyperreactivity.
Natural non-specific stimulation with agents
such as wind, dust, and sunlight may act only as
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triggers of an abnormal non-specific reactivity
of the conjunctiva in allergic patients [10].
Furthermore, multiple physical, chemical, infectious, or antigenic factors may stimulate the
biological responses of mast cells, leading to the
release of several mediators. Rubbing of the
eyes, exposure to UV light, and increase of ocular surface temperature may lead to acute degranulation of the mast cells and release of their
mediators. The local generation of stimuli that
induce different patterns of mast cell cytokine
release may represent another method of biological, non-specific activation of mast cells
[42]. It has been observed that whenever a patient with VKC is exposed to the sun, signs and
symptoms recur. Furthermore, the symptoms of
allergy become most severe in children with
VKC who develop bacterial conjunctivitis. Certain types of lipopolysaccharides of bacteria
may cause degranulation of mast cells, leading
to the release of their mediators that cause exacerbation of the allergic process.

14.2.4
T-Cell-Mediated Hypersensitivity
in Allergic Eye Disease
Both CD4+ and CD8+ T cells populate the
subepithelial tissue of the normal human conjunctiva. In the active forms of SAC and PAC, the
T cell profile remains virtually unchanged compared to the normal milieu, but in chronic allergic disorders such as VKC, AKC and GPC, CD4+
T cells but not CD8+ T cell numbers are increased, with a mixed cellular infiltrate containing many mast cells, eosinophils, neutrophils,
and macrophages [32]. In chronic allergic diseases there is no clear-cut difference between
the allergen specific IgE responses and the
nature and severity of the allergic responses;
hence it is likely that non-IgE mechanisms are
contributory, with the involvement of cell mediated responses [32].
Most of the T cells in normal conjunctiva are
naïve, but in chronic allergic conditions 90 % of
the T cells are memory T cells [35]. Corresponding with this rise in activated T cells, there is
also upregulation of markers present on antigen
presenting cells.

CD4+ T cells can be further subdivided into
two distinct subsets based on their pattern of
cytokine production. The first subset, Th1 cells,
produce IL-2, IL-3, TNFb and interferon g
(IFNg) and are more associated with classic delayed type hypersensitivity. The second subset,
Th2 cells, produce a range of cytokines encoded
on chromosome 5, such as IL-4 and IL-5, which
promote immediate hypersensitivity responses
through their ability to stimulate proliferation,
B cell IgE production and eosinophil production, activation and survival [32]. It has been
shown that in AKC there is increased numbers
of both Th1 and Th2 lymphocytes as opposed to
in VKC where lymphocytes secreting cytokines
typical of the Th2 subset are found. This observation suggests that VKC results from a maturation shift of CD4+ T cells towards a pattern
of secretion of cytokines which drives a mast
cell and eosinophil mediated inflammatory
response [34].

14.3
Clinical Syndromes of Allergic Eye Disease
Allergic diseases of the eye comprise a number
of different inflammatory conditions that share
common features such as seasonal variation,
association with atopic disease and presumed
involvement, to a greater or lesser extent, of the
type I hypersensitivity mechanism in their
pathophysiology. They are traditionally classified, as outlined above, into five distinct entities:
SAC, PAC, VKC, AKC, and GPC (Fig. 14.1).
As previously mentioned, recent evidence
suggests that the traditional type I hypersensitivity reaction may be less important in some of
these diseases than others. However, these diseases share many symptoms in common and it
is therefore reasonable to group them in the
same broad category of “allergic eye disease”.
The cardinal feature of all allergic eye disease is
itching – in the absence of this symptom one
should be wary of making this diagnosis. Other
symptoms such as tearing, burning and foreign
body sensation may be present in variable degrees in all of these conditions. Despite similarities in the symptoms, it is important to distinguish, where possible, between the different
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Fig. 14.1. A Normal bulbar conjunctiva; B giant papillae in GPC; C typical appearance of superior tarsal conjunctiva in a severe case of SAC; D corneal ulcer in VKC; E early stages of corneal pannus in AKC; F HornerTrantas dots seen in AKC. (Pictures courtesy of Dr. Mohammed Siddique, Institute of Ophthalmology, London)

types of allergic eye disease as each of them has
a different visual prognosis. Accurate diagnosis
will allow appropriate counselling of patients.
The most common type of allergic eye disease, seasonal allergic conjunctivitis (hay fever
conjunctivitis), is also the least serious in terms
of visual outcome. SAC and PAC together account for 98 % of allergic eye disease [41]. VKC
and AKC, although much rarer, are more likely

to lead to visual impairment, with AKC being
the most destructive disease and having the
worst visual prognosis. The emergence of newer treatments based on an increasing understanding of the individual pathogenic mechanisms of each disease also underlines the
importance of accurate diagnosis. The different
types of allergic eye disease can usually be distinguished by history and examination alone.
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14.3.1
Seasonal Allergic Conjunctivitis
Of the allergic eye diseases, SAC represents the
most “pure” form of type I hypersensitivity. As
the name suggests, the symptoms and signs are
intermittent and occur rapidly following exposure to a specific allergen, with patients often
having a personal or family history of atopy. In
the absence of prolonged exposure to allergen,
attacks are short lived. The commonest seasonal allergen is pollen, with tree pollen predominating in spring, grass pollen in summer and
ragweed pollen in autumn. Symptoms are typically absent during winter. The severity of signs
and symptoms varies from patient to patient
depending on the specific allergen and the exposure.
14.3.1.1
Symptoms
Patients usually complain of intense itching of
the eyes associated with a watery discharge.
14.3.1.2
Signs
There may be eyelid oedema. Conjunctival vessels may be injected and conjunctival chemosis
may give the conjunctiva a “milky” appearance.
Symptoms and signs are usually bilateral although they may be asymmetrical. Young children can present with dramatic unilateral lid
oedema and chemosis.

symptomatic.“Household” allergens such as the
dust mite or pet dander are the usual offenders
in PAC. These patients may also be sensitive to
seasonal allergens and so there may be a superimposed seasonal element to their symptoms.

14.3.3
Vernal Keratoconjunctivitis
A disease of childhood, VKC accounts for 0.5 %
of allergic eye disease [32]. Like AKC it has a
male preponderance but onset is much earlier,
typically late in the first decade. It is seen most
commonly in temperate climates such as those
of the Mediterranean, South Africa and North
America. However, genetic as well as environmental factors are important. Even in cooler
northern climates the disease is more commonly seen in people of African or Asian descent
[39]. There is frequently a personal or family
history of atopy but this association is not as
strong as in other types of allergic eye disease,
with a large proportion of VKC patients having
no such history.
In the majority of cases the disease shows
seasonal variation with symptoms typically appearing in spring and lasting about 6 months.
Additional recurrences in winter are common.
In some cases the disease evolves over time into
a more chronic, perennial form of inflammation
with up to one-quarter of VKC patients having a
perennial form of the disease from the outset
[11]. Although serious visual complications may
occur, VKC is a less destructive disease than
AKC and usually burns itself out by the early
twenties [30].

14.3.2
Perennial Allergic Conjunctivitis

14.3.3.1
Symptoms

PAC is less common than SAC. Although the
symptoms and signs of these diseases are the
same, the distinction between them lies in the
timing of the symptoms. Whereas SAC sufferers
have symptoms for a defined period of time,
PAC sufferers are sensitive to allergens that are
present year-round and so are perennially

Symptoms are usually bilateral but may be
asymmetrical and, like all allergic eye diseases,
itching is a cardinal feature. Photophobia is also
prominent and patients may complain of tearing and a mucoid discharge. Depending on the
severity of corneal involvement, they may also
complain of a foreign body sensation or pain.

14.3 Clinical Syndromes of Allergic Eye Disease

14.3.3.2
Signs
In contrast to AKC, the periorbital skin is usually unaffected. The disease is further classified
into tarsal, limbal or mixed VKC depending on
the location of the conjunctival inflammatory
signs.
Tarsal. The inflammation is predominantly in
the superior tarsal conjunctiva although the
bulbar conjunctiva may show non-specific signs
such as injection or chemosis. The superior
tarsal conjunctiva develops a papillary reaction.
Papillae are typically large (>1 mm) and diffuse,
giving a “cobblestone” appearance. These tarsal
papillae tend to persist even when the disease is
quiescent but become hyperaemic and oedematous during periods of disease activity. The
presence of a thick, mucoid, white secretion associated with these papillae is another indicator
of disease activity. Papillae may enlarge to several millimetres in diameter and may give rise
to ptosis. In severe forms of the disease, linear
subepithelial scars (Arlt’s lines) may appear
parallel to the lid margin.
Limbal. Limbal VKC is characterized by single
or multiple gelatinous, pale infiltrates in the
limbal conjunctiva. The extent of limbal involvement is variable. Infrequently, there may
be 360° limbal inflammation. There is usually
injection of the surrounding bulbar conjunctival vessels. Aggregates of degenerating eosinophils at the apex of the infiltrates are seen as
small white spots (Horner-Trantas dots) – both
the limbal infiltrate and the Horner-Trantas
dots are transient.
In mixed VKC both limbal and tarsal signs
may be observed. Although limbal and tarsal
VKC are believed to be variants of the same disease, certain differences have been observed in
their demographics and natural history. Limbal
VKC is particularly common in people of
African or Asian descent. There is mixed evidence as to which, if either, of the variants is
more responsive to treatment [11, 52]. Patients
with tarsal disease are certainly more likely to
develop sight-threatening corneal ulceration
[52].

Cornea. Sight-threatening complications occur
less frequently in the cornea than in AKC. However, both non-specific and pathognomonic
corneal signs are seen. In a follow-up series of
195 patients with VKC, 9.7 % developed corneal
ulcers and 6 % developed a permanent decrease
in visual acuity [11]. Abnormalities of the central and superior cornea are most commonly
seen in tarsal disease. In its earliest form there
may be only punctuate epithelial erosions.
These may, with time, coalesce to form larger
erosions that may in turn evolve into the characteristic “shield” ulcer of VKC. Shield ulcers are
non-infectious and occur in the central/superior cornea. At first they are shallow with a transparent base. Over time the ulcer becomes filled
with inflammatory debris and the base opacifies. Further accumulation of inflammatory debris leads to plaque formation. The pathogenesis of these ulcers is incompletely understood.
Mechanical abrasion of the epithelium by large
papillae on the superior tarsal conjunctiva is
thought to play a role, as is epithelial corrosion
by toxic granule proteins released from eosinophils in the tarsal conjunctiva and tear film. In
persistent or recurrent limbal disease, peripheral corneal signs such as pannus or opacification
(pseudogerontoxon) may develop. Limbal lesions may also cause significant astigmatism.

14.3.4
Atopic Keratoconjunctivitis
First described in 1952 [22], AKC constitutes a
more relentless form of conjunctival inflammation than either SAC or VKC. Atopic dermatitis
(eczema), a pruritic skin condition that affects
3 % of the population, is present in 95 % of patients with AKC [7]. Conversely, 25–40 % of
atopic dermatitis patients have AKC [18]. Typically patients have had atopic dermatitis since
childhood with ocular symptoms developing at
a later stage. Symptoms may begin in the late
teens or early twenties but the peak incidence is
between the ages of 30 and 50. Males are more
commonly affected than females and there is often a personal or family history of other atopic
diseases. Unlike SAC, and most cases of VKC, the
symptoms are perennial. It differs from PAC in
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that the symptoms are less intermittent. Although there may be periods of relative quiescence, signs of disease activity are usually present to some degree.
14.3.4.1
Symptoms
Bilateral itching of the eyelids and periorbital
skin is the most frequent symptom. Patients
also complain of tearing, photophobia, burning
and blurred vision. Increased mucus and inflammatory debris may thicken the tear film
and contribute to a stringy discharge. Depending on the severity of corneal involvement, patients may complain of a foreign body sensation
and pain.
14.3.4.2
Signs
Invariably there are signs of disease on the eyelids and periorbital skin. Ocular surface inflammation in AKC may, as the name suggests, affect
the conjunctiva and cornea. In many cases the
disease is mild and corneal signs may actually
be absent or minimal. Such cases have been
termed atopic blepharoconjunctivitis (ABC) [53].
Eyelids. The periorbital skin typically has the
dry, indurated and scaly appearance of eczema.
Eyelid swelling may contribute to the generalized wrinkling of the skin and the development
of a fold in the lower lid skin (Dennie-Morgan
fold). In severe cases there may be fissures at the
lateral canthus and/or absence of the lateral
part of the eyebrow (Herthoge’s sign). The latter
signs may be induced or aggravated by vigorous
eyelid rubbing. Lid margins may be thickened
(tylosis) and may develop meibomian gland
dysfunction. Colonization of the lid margin
with staphylococcus with resultant staphylococcal blepharitis is common [54].
Conjunctiva. There is typically a papillary reaction on the tarsal conjunctiva, which, in contrast to VKC, is usually more prominent on the
inferior, rather than the superior, tarsal conjunctiva. The bulbar conjunctiva may show
non-specific signs of inflammation such as

hyperaemia or chemosis. Rarely, papillary
hyperplasia of the limbal conjunctiva occurs,
resulting in a gelatinous limbal nodule similar
to those seen in limbal VKC.Associated HornerTrantas dots have been seen. Prolonged or
severe inflammation may result in conjunctival
cicatrization. This is most commonly seen in the
lower fornix and may result in shallowing of the
fornix and symblepharon. Activation of fibroblasts by mast cells has been proposed as a
mechanism for conjunctival scarring in allergic
disease [47]. Several cases of squamous cell carcinoma/CIN have been reported in patients
with atopic dermatitis or AKC [20, 24] although
the mechanism of tumourigenesis remains
unclear.
Cornea. Visual deterioration in AKC is most
commonly caused by corneal complications.
Corneal scarring in AKC may result from vascularization, infection or keratoconus. A broad
spectrum of corneal disease may be seen depending on the severity and chronicity of
inflammation. Punctate epithelial erosions are
seen early in the course of the disease. The
severity of the corneal erosions correlates with
the number of inflammatory cells (especially
eosinophils) in brush cytology samples from
the superior tarsal conjunctiva [50]. Peripheral
corneal vascularization, which may be associated with opacification, is common. These
changes may occur as a result of limbal stem cell
deficiency. Rarely, corneal vascularization may
encroach on the visual axis and cause visual impairment. Epithelial erosion may coalesce to
form non-infectious corneal ulcers. Toxic granule proteins derived from conjunctival eosinophils have been implicated in the pathogenesis
of these ulcers [33]. Staphylococcal colonization
of the lid margins coupled with a decrease in
barrier function [56] also puts AKC patients at
increased risk of developing bacterial infectious
corneal ulcers. They are particularly vulnerable
to herpes simplex keratitis [16]. Chronic eye
rubbing may be an important factor in the association between AKC and keratoconus [6].
Other Causes of Visual Deterioration in AKC.
AKC is associated with the development of premature bilateral cataracts. Typically the lens
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opacity develops in the anterior subcapsular
region and has well defined margins. It is often
referred to as a “shield” cataract. A rarer cause
of visual impairment in AKC is that of retinal
detachment [57]. The reasons for this association are not well understood. Finally, chronic
use of topical steroids in the treatment of AKC
may result in posterior subcapsular cataracts
and glaucoma (see below).

14.3.5
Giant Papillary Conjunctivitis
The term giant papillary conjunctivitis describes the advanced stages of the conjunctival
response to the prolonged presence of a foreign
body on the ocular surface. It was first observed
and characterized in contact lens wearers [3]
and was later reported in patients with ocular
prostheses and exposed suture ends. Nowadays,
it is seen commonly in contact lens wearers, and
most of the knowledge of this condition arises
from experience with these patients. Wearers of
soft contact lenses are most likely to develop
giant papillary conjunctivitis, but it has been
estimated that 1–5 % of rigid gas-permeable lens
wearers may also be affected [26, 27]. The condition shows no age or gender preference and
there does not appear to be a strong association
with allergy [28].
14.3.5.1
Symptoms
Earliest symptoms are of mucus discharge in
the morning and itching on removal of the lenses. As the disease progresses these symptoms
become more marked and may be associated
with a foreign body sensation. Patients complain of blurred vision as a result of coating of
the lens with mucus and increasing lens mobility and instability. As the disease advances patients become increasingly intolerant of their
contact lenses.

14.3.5.2
Signs
Giant papillary conjunctivitis is characterized,
in the late stages, by the presence of abnormally
large (>0.3 mm) papillae on the superior tarsal
conjunctiva. In the earliest stage, however, when
the patient first becomes symptomatic, the conjunctiva may appear normal.As the disease progresses the superior tarsal conjunctiva becomes
thickened and hyperaemic. Small papillae develop first which increase in size and number
over time. The distribution of giant papillae
varies according to the type of lens worn. In
wearers of soft lenses papillae emerge first at
the superior edge of the tarsal plate. Wearers of
hard lenses, which are smaller, develop papillae
closer to the superior lid margin [23]. The bulbar conjunctiva and inferior fornix are usually
normal.
The symptoms and signs of this disease may
resemble those of VKC. Important factors in the
history, which could help to distinguish these
conditions, include contact lens history and
patient age since VKC is seldom seen after the
early twenties.

14.4
Treatment of Allergic Eye Disease
The mainstays of treatment for the majority of
allergic eye disease symptoms are topical eye
drops, and for this purpose a wide range of topically administered agents have been developed
to treat the milder disease varieties. These
include antihistamines, mast cell stabilizing
agents and anti-inflammatory agents. Additionally, topical nasal decongestants are also available. Of the topical eye drops, it is antihistamines and mast cell stabilizers that have been
extensively studied to assess their therapeutic
value in a large number of comparative clinical
trials over the years. Furthermore, as the chemical and cellular infiltrates in both acute and
chronic allergic eye disease become better characterized, there are significant implications for
treatment of these conditions. Efficacy of all of
these agents varies from patient to patient and
the choice of agent used depends on a number
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of variables, such as the underlying state of
health of the eye being treated, drug costs and
availability, contact lens wear, and the potential
for compliance [8].
The preferred treatment modality in mild
diseases such as SAC and PAC is topical therapy,
since neither is sight threatening, and their
pathogenesis involves mast cell degranulation
and the release of histamine. Topical treatment
offers several advantages: the ease of application directly to the site affected by the disease
process, the general lack of systemic side effects,
and the washout effect of the drops themselves
aiding the removal of the inflammatory mediators.

14.4.1
Antihistamines
The first line of treatment of ocular allergy includes the avoidance of allergens, the use of cold
compresses for symptom relief (especially itching), and regular lubrication of the eye to wash
out tear histamine and other inflammatory mediators, thus diluting their effects and aiding the
patient’s comfort. Topical therapy may start
with the use of antihistamines or mast cell stabilizers. Considering the former, the stimulation
of H1 receptors in the conjunctiva mediates
the symptom of itching whereas H2 receptor
activation results in vasodilation. Second generation H1 receptor antagonists are used for the
topical treatment of the benign forms of allergic
conjunctivitis, and these include levocabastine,
azelastine and emedastine. They all bind selectively to H1 receptors in the conjunctiva and
have little or no effect on dopaminergic, adrenergic or sertotoninergic receptors [46]. Of this
new generation H1 receptor antagonists, topical
azelastine has been shown to be a powerful
topical antihistamine, decreasing eosinophil
and T lymphocyte activation, having an inhibitory effect on a broad array of other mediators, and being a potent suppressor of itching
and conjunctival hyperaemia after conjunctival
provocation with an allergen, with an onset
of action seen within 3 min and a duration of
effect of at least 8–10 h [32, 46]. Although topical
antihistamines can be used alone to treat aller-

gic conjunctivitis, combining an antihistamine
with a vasoconstrictor is more effective than
either agent alone. The vasoconstrictors commonly used in combination with topical antihistamines are phenylephrine or naphazoline
[8].

14.4.2
Mast Cell Stabilizing Agents
The most common topical drugs invariably
used by ophthalmologists for all forms of allergic conjunctivitis are the mast cell stabilizing
agents. These include sodium cromoglygate,
lodoxamide, ketotifen, nedocromil sodium and
the newly introduced olopatadine. Mast cell stabilizers are effective in the milder forms of allergic eye disease and have very few side effects,
either locally or systemically, but for patients to
receive long-term benefit from them such that
expected exposure to allergen reduces the
tryptase and inflammatory cells after allergen
challenge, treatment is needed for many years
[46].
Sodium cromoglygate is the prototypic mast
cell secretion inhibitor. It is the oldest and most
widely used agent of this family of drugs. However, despite its extensive use, the mechanisms
of its action are still unclear. The efficacy of the
medication appears to be dependent on the concentration of the solution used [9]. Nedocromil
sodium has been shown to be able to inhibit
chloride ion flux in mast cells, epithelial cells
and neurons. This feature may explain how it
can prevent responses such as mast cell degranulation. Others have suggested the inhibition
of IgE production by B cells as an alternative
mechanism [46]. Newer agents such as lodoxamide have become available, which are faster
acting and approximately 2,500 times more
potent than sodium cromoglycate in the prevention of histamine release, that also act to reduce tear tryptase and inflammatory cells after
allergen challenge [8]. In a comparative trial
with sodium cromoglygate and lodoxamide in
subjects with the more severe forms of allergic
eye disease (VKC, AKC and GPC), lodaxamide
was found to be superior for symptom relief. It
was also found to be effective in the long-term
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treatment of VKC especially in cases with an
epitheliopathy [17, 43].

14.4.3
Dual-Acting Agents
Dual-acting agents are named for their antihistamine effects and their inhibition of mediator
release. They are the newest generation of antiallergic agents. The advantages of these drugs
lie in the rapidity of symptomatic relief given by
immediate histamine receptor antagonism coupled with the long-term disease modifying benefit of mast cell stabilization. Not all of these
agents are equivalent and in selecting a dual-action agent, one should look for a potent and
long-lasting agent that relieves the signs and
symptoms of allergy, including itching, redness,
lid swelling and chemosis [41].
Clinical studies have demonstrated the efficacy and tolerance of olopatadine for the management of allergic conjunctivitis or in a conjunctival allergen model [1, 4, 13]. This agent
both acts as a mast cell stabilizer and has antihistamine activity. This dual mode of action has
been shown to be advantageous for the management of allergic conjunctivitis, and as a topical
preparation has been subjectively preferred by
patients [4, 44]. Furthermore, a direct antiinflammatory property for this drug has been
suggested by a study which showed that
olopatadine inhibited the anti-IgE antibodymediated release of TNFa from human conjunctival mast cells [14].

14.4.4
Non-steroidal Anti-inflammatory Drugs
(NSAIDs)
Prostaglandins, especially PGE2 and PGI2, lower
the threshold of the human skin and conjunctiva to histamine-induced itching. NSAIDs, by inhibiting the production of prostaglandins, help
to alleviate this itching but also reduce pain and
inflammation of the eye associated with allergic
reactions [9, 46]. NSAIDs used in the topical
treatment of allergic ocular conditions include ketorolac, diclofenac, fluribrofen and

indomethacin. These agents, unlike corticosteroids, do not mask ocular infections, affect
wound healing, increase intraocular pressure,
or contribute to cataract formation [8]. However, of these agents, only ketorolac tromethamine (Acular) has been approved by the Food
and Drug Administration for the management
of acute SAC [15]. It acts to significantly reduce
tear tryptase levels and the number of eosinophils and lymphocytes in tear specimens after
conjunctival provocation [29].
Ocular NSAIDs have been associated with a
low-to-moderate incidence of burning and
stinging [9]. The concern of NSAID-induced
asthma does not appear to be a problem except
in patients who have the triad of asthma, nasal
polyposis and aspirin sensitivity [45].

14.4.5
Topical Corticosteroids
Topical steroid preparations are the most effective therapy for moderate to severe forms of
VKC, but their use should be strictly limited for
severe cases and carefully monitored since their
long-term use is associated with an increased
risk for the development of cataracts and glaucoma and can potentiate ocular herpetic infections. In fact, topical steroids are responsible for
the 2 % incidence of glaucoma in VKC patients
[12]. In T cell dependent AKC and VKC, sodium
cromoglycate has been used either prophylactically or as maintenance therapy to control mild
symptoms only, but is ineffective in acute exacerbations. In acute exacerbations, even the newer class of mast cell stabilizers may not be
enough, and under these circumstances steroids
(fluoromethalone or dexamethasone) tend to be
used in doses of up to one drop hourly to
reverse corneal epitheliopathy caused by the
release of epithelial toxic mediators from
eosinophils and neutrophils [32]. Once control
of the acute phase of the disease has been
achieved, steroids should be discontinued and
alternative topical treatment, as outlined previously, should be started [12].
Two modified corticosteroids have recently
been investigated for their efficacy in allergic
conjunctivitis: rimexoline (a derivative of pred-
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nisolone) that is quickly inactivated in the anterior chamber of the eye, thus improving efficacy
and decreasing the safety concerns, e.g. raised
intraocular pressure; and both low-dose and
high-dose loteprednol etabonate are highly effective as prophylaxis against, and in the acute
phase of, allergic conjunctivitis [8].

14.4.6
Calcineurin Inhibitors
Two calcineurin inhibitors are currently in clinical use:
1. Cyclosporin A (CsA) is a fungal antimetabolite and anti-CD4+ agent that decreases the
clinical signs and symptoms of the chronic
forms of VKC and AKC. It acts to control
ocular inflammation by blocking Th2 lymphocyte proliferation and IL-2 production,
by inhibiting histamine release from mast
cells and basophils, and by reducing the production of IL-5, thereby reducing the recruitment and effects of eosinophils on the conjunctiva [12]. Although systemic CsA has
been used for the treatment of severe AKC
and keratoconjunctivitis sicca, topical cyclosporin causes ocular irritation with burning,
tearing, erythema and itching. This is due to
the fact that since the drug is lipophilic, it has
to be dissolved in an alcohol base which
causes the ocular irritation [8]. However, the
topical form of this drug is not yet generally
available.
CsA has been evaluated in patients with
steroid dependent AKC. In one study, 12 patients were randomized to treatment with
CsA and 9 patients to a vehicle treatment
group. The results showed that in the CsA
group, 9 out of 12 patients were able to cease
steroid therapy as compared to 1 out of 9 in
the vehicle group [21]. Furthermore, the final
steroid use was significantly lower in the CsA
group versus the vehicle group. This study
concluded that CsA is an effective and safe
steroid sparing agent in AKC and is also capable of improving the symptoms and signs
of AKC. In another randomized trial the
short-term efficacy and safety of topical CsA
0.05 % was evaluated in the treatment of pa-

tients with severe, steroid resistant AKC [2].
Patients were randomly assigned to treatment with topical CsA 0.05 % or placebo for
a period of 28 days with the symptoms and
signs of AKC recorded on the day of enrollment and at the end of the treatment period.
The results, recorded by a composite score
computed by summing the severity grade of
all five symptoms and six signs of AKC,
showed a greater improvement in the CsA
group relative to the placebo group at the end
of the treatment period. It was hence concluded that topical CsA 0.05 % is safe, and
may actually have some effect in alleviating
the signs and symptoms, in severe AKC that
is resistant to topical steroid treatment.
2. Tacrolimus (FK-506) is a macrolide antibiotic with potent immunomodulatory properties which has already been used to treat the
immune mediated problems encountered
with corneal graft rejection, ocular pemphigoid and uveitis. It acts on T lymphocytes
to block the production of lymphokines,
such as IL-2, IL-2, IL-5, TNFa and interferong a. It also blocks the degranulation of mast
cells and several mast cell cytokines, such as
IL-3 and IL-5 [8].

14.4.7
Future Drug Developments
The aims of future drug development will focus
on steroid-sparing agents that control the
immune response. These may be administered
alone, or in combination with newer drugs that
have already demonstrated their efficacy in the
management of these conditions, such as antihistamines and mast cell stabilizers.
Our understanding of the pathophysiology
of allergic conjunctivitis has increased greatly
over the last 3 years. New areas of investigation
to elucidate novel treatment strategies include
the study of the genetics of ocular allergy, since
it has been known for some time that different
mouse strains are more or less responsive to
specific allergen challenge in the eye, and linkage analysis of these mice is being pursued to
define disease susceptibility genes for ocular
allergy [41]. A few studies have addressed the
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role of environmental factors in the pathogenesis of ocular allergy. For example, it has been
shown that there is a positive association between the dietary intake of n-6 polyunsaturated
fatty acids and seasonal allergic rhinoconjunctivitis [55]. Other studies have focused on the
genetics of allergic conjunctivitis. One of the
earliest published studied approximately 117
families with probands with allergic conjunctivitis [40]. Evidence was found, by analysis of
the genomic DNA, for genetic linkage of allergic
conjunctivitis for chromosomes 5, 16 and 17.
This genetic linkage for allergic conjunctivitis
was shown to differ from that reported for
atopic asthma, and hence it was concluded that
there were likely to be organ specific disease
susceptibility genes, which, together with general atopy genes, target the allergic response to
specific mucosal tissues.
Resident dendritic cells in the conjunctiva
have also been the focus of recent research since
it has been shown that dendritic cell activation
by an allergen is a very early step in disease
pathogenesis, with dermal allergy being used as
the prototype [41]. Other areas of interest lie in
the activation and mediator release from human conjunctival mast cells on FceRI crosslinking. A recombinant humanized monoclonal
anti-IgE antibody, omalizumab, was recently
developed which binds specifically to the IgE
binding site on human FceRI and thereby
blocks the binding of IgE to mast cells and basophils [5]. Studies have shown that this agent
benefits patients with moderate to severe allergic asthma who remain symptomatic despite
treatment with systemic or inhaled corticosteroids [5]. Additionally, omalizumab has been
shown to be safe and well tolerated.
One of the most innovative treatment advances has been in the use of immunostimulatory DNA sequences that can inhibit the allergic
response. Both bacterial DNA and synthetic
oligodeoxynucleotides containing specific motifs centered on a CpG dinucleotide have been
shown to be potent immunostimulatory agents
[46]. It is likely that these sequences represent a
signal to the immune system, resulting in a
powerful Th1 response and this can be used to
switch an allergic response from a Th2 dominated immune profile towards a Th1 profile

[46]. Miyazaki et al. evaluated the therapeutic
potential of immunostimulatory sequence
oligodeoxynucleotide (ISS-ODN) administration in ocular allergy using a mouse model of
ragweed-specific conjunctivitis [36]. They concluded that ISS-ODN was an effective treatment
for ocular allergy when administered systemically or conjunctivally. Systemic treatment
markedly inhibited clinical parameters of SAC
and blocked conjunctival eosinophilia in the
late phase reaction. Additionally, it also effectively blocked neutrophilia, which is a hallmark
of the late phase reaction.
Other areas of potential therapeutic value
which require further research include the use
of antagonists of the action of macrophage inflammatory protein-1a (MIP-1a) and the use of
IL-1 receptor antagonists. Data have shown that
MIP-1a constitutes an important second signal
for mast cell degranulation in the conjunctiva in
vivo and consequently for acute phase disease
[38]. Therefore, antagonizing the interaction of
MIP-1a with its receptor (CCR1) or signal transduction from this receptor may hold promise
for future treatment of both acute and late
phase reactions. Similarly, in a mouse model of
allergic eye disease, IL-1 inhibition using an
IL-1 receptor antagonist was found to downregulate the recruitment of eosinophils and inflammatory cells by decreasing the concentration of
attractant chemokines [25]. This research also
offers a potential novel treatment for the prevention and treatment of allergic eye disease.

14.5
Conclusion
Allergic eye disease represents a heterogeneous
group of diseases that share a common symptomology but different pathogenesis. They are
further distinguished by their long-term visual
prognosis, with diseases such as SAC and PAC
having no long-term effects on sight whereas
VKC and AKC, through corneal involvement
and subsequent scarring reactions, can adversely affect visual prognosis. Future work needs to
increase our understanding of the genetics and
mechanisms of mast cell cytokine expression
and mediator release, the regulation of the
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cellular inflammatory response and the B cell
regulation of IgE secretion. Armed with this
knowledge, more ways of treating allergic eye
disease will be developed which will target more
specific components of the allergic response.
Most novel therapies so far have been directed
at controlling the allergic response in the
bronchial airways and the nasal mucosa, but it is
hoped that new strategies will begin to focus
treatment on ocular disease to downregulate
the allergic response rather than to control its
effects.
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