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Introduction

Allergic conjunctivitis is a localized allergic condition asso-
ciated frequently with rhinitis but often observed as the only
or prevalent allergic sensitization. Ocular symptoms have
been estimated to be present in 40—60% of the allergic popu-
lation [1]. The disease ranges in severity from mild forms,
which can still interfere significantly with quality of life, to
severe cases characterized by potential impairment of visual

function.

The term ‘allergic conjunctivitis’ refers to a collection of
hypersensitivity disorders that affect the lid, conjunctiva
and/or cornea. Various clinical forms are included in the
classification of ocular allergy and may be divided two main
groups, the first one including the more frequent, seasonal

© 2008 The Author(s)

Summary

The eye represents an ideal and frequent site for the allergic reactions. The
term ‘allergic conjunctivitis’ refers to a collection of disorders that affect the
lid, conjunctiva and/or cornea. Even though the diagnosis is essentially clini-
cal, local tests such as cytology, conjunctival provocation and tear mediator
analysis can be performed. The immunoglobulin E (IgE)-mediated mecha-
nism does not explain completely the severity and the clinical course of
chronic allergic ocular diseases such as vernal (VKC) and atopic kerato-
conjunctivitis (AKC), which are probably also related to T cell-mediated
responses, massive eosinophil attraction and activation and non-specific
hypersensitivity. An altered balance between T helper type 1 (Thl) and Th2
cells and between Th1- and Th2-types of cytokines is thought to be respon-
sible of the development of ocular allergic disorders. New findings suggest
that a wide range of cytokines, chemokines, proteases and growth factors are
involved by complex interwoven interactions rather than distinct and parallel
pathways. In addition, several non-specific enzymatic systems may be acti-
vated during acute and chronic allergic inflammation, thus contributing to
the complex pathogenesis of the disease. Current drug treatment for ocular
allergy targets the key mechanisms involved in the development of clinical
disease: mast cells with mast cell stabilizers, histamine with histamine recep-
tor antagonists and inflammation with corticosteroids, severe inflammation
with immunomodulators. None of these agents lacks side effects and none
abolishes signs and symptoms completely. New therapeutic strategies are still
needed to respond to the complex pathogenesis of severe forms of ocular
allergy such as VKC and AKC.
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(SAC) and perennial allergic conjunctivitis (PAC), which
may also be called rhinoconjunctivitis or conjunctivorhinitis
depending on the main symptoms. These forms are diag-
nosed and managed by general practitioners, allergists, pae-
diatricians or ophthalmologists, but frequently only by the
pharmacists or by the patient himself. The second group
includes the less frequent chronic severe forms of ocular
allergy, vernal keratoconjunctivitis (VKC) and atopic
keratoconjunctivitis (AKC), that may be complicated by the
corneal involvement and that need careful management by
expert ophthalmologists in association with allergists.
Contact lenses or ocular prosthesis-associated giant pap-
illary conjunctivitis (GPC), even though sharing similarities
with VKC, should not be considered as real allergic diseases,
but as exclusively ocular, chronic micro-trauma related
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disorders, which need to be managed by ophthalmologists
in association with contact lenses experts. The increasing
number of contact bepharitis and drug-induced conjunctivi-
tis or dermato-conjunctivitis suggests that additional enti-
ties, partially toxic, partially immune-mediated, may occur
to the ocular surface as a result of increased susceptibility
and hypersensitivity to haptens, cosmetics, drugs, pollutants
or other environmental factors.

Clinical forms

Seasonal and perennial allergic conjunctivitis are caused by a
typical imunoglobulin E (IgE)-mediated reaction to envi-
ronmental airborne allergens, such as grass and tree pollens,
mites, mould and animal dander. SAC is usually an acute
or subacute manifestation characterized by peaks of self-
limiting signs and symptoms that become persistent in
repeated allergen stimulations during pollen season. The
hallmark signs and symptoms are itching, redness and
lid swelling, while patients may also complain of tearing,
mucous discharge and burning. In PAC, the non-specific
signs and symptoms of redness, burning and chemosis may
persist with varying severity for months, accompanied by a
low level of itching, making the patient uncomfortable and
worried. Ocular symptoms may be associated with seasonal,
persistent and chronic rhinitis, and less frequently may
present occasionally in asthmatic patients [1]. Skin prick
testing may be useful in identifying relevant allergens, but it
must be remembered that a significant number of patients
presenting with SAC may have negative skin tests.

Vernal keratoconjunctivitis is a relatively rare ocular
allergic disease affecting children and young adults living in
warm climates and associated, in approximately half of
cases, with other allergic manifestations [2—4]. The disease
is usually seasonal, lasting from the beginning of spring
until autumn. However, perennial cases that are persistent
throughout the year are not rare, especially in patients living
in subtropical or desert climates. Its predominance during
the high pollen season lends credence to the widely accepted
hypothesis that VKC is an immunologically mediated hyper-
sensitivity reaction to environmental antigens.

Atopic keratoconjunctivitis is the ocular manifestation
of a complex and systemic altered immune response, often
associated with atopic dermatitis and with other allergic dis-
orders such as rhinitis and asthma. Ocular clinical expression
can involve eyelids, conjunctiva and cornea, and includes
different levels of severity, from mild injuries to sight-
threatening complications [5].

The eye and allergic inflammation

The ocular allergic response results from exposure of the
conjunctiva to an environmental allergen and binding with
specific IgE on the conjunctival mast cells. This immediate
response lasts clinically for 20-30 min, as demonstrated by
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the specific conjunctival allergen challenge (CAC) [6]. It
induces enhanced tear levels of histamine, tryptase, prostag-
landins and leukotrienes [1]. Mast cell degranulation also
induces activation of vascular endothelial cells and thus
the expression of chemokines and adhesion molecules, such
as regulated upon activation normal T cell expressed and
secreted (RANTES) chemokines, monocyte chemoattractant
protein (MCP), interleukin (IL)-8, eotaxin, macrophage
inflammatory protein (MIP)- 10, intercellular adhesion mol-
ecule (ICAM), vascular cell adhesion molecule (VCAM) and
p-selectin. These factors initiate the recruitment phase of
inflammatory cells in the conjunctival mucosa, which leads
to the ocular late-phase reaction [1]. The late phase cor-
responds to the persistent clinical inflammation that char-
acterizes the ocular signs and symptoms in perennial and
chronic allergic diseases [1,7], and is characterized by the
mucosal infiltration of eosinophils, neutrophils, basophils
and T lymphocytes [8]. In addition, conjunctival and corneal
epithelial cells and fibroblasts may contribute to mounting
the allergic inflammation by expressing and producing
cytokines, chemokines, adhesion molecules and factors that
maintain local inflammation and lead to tissue remodelling
[3,9,10].

Mast cells play a key in the pathogenesis of ocular allergic
reaction. The number of mast cells in the human conjunctiva
has been calculated to be between 5000 and 6000 cell/mm®
[11]. Immunohistochemical phenotyping of mast cells (MC)
in the normal human conjunctiva has demonstrated that
the MCrc (tryptase and chymase-positive MC) phenotype
is predominant, similar to the findings in human derma
[12,13]. During the pollen season, the median mast cell
numbers in the lamina propria were increased by 61% in
SAC patients compared to normal subjects and remained
increased in allergic patients out of season [11]. The total
number of mast cells is increased in the stroma and epithe-
lium of VKC and AKC patients.

Activated mast cells, besides the gamut of preformed and
newly formed mediators, can release several cytokines such
as IL-4, IL-6, IL-8, IL-13, tumour necrosis factor (TNF)-o
and transforming growth factor (TGF)-B, which have
profound effects on the mucosa, including the induction of
chemokines and adhesion molecules that contribute to the
recruitment of inflammatory cells [14,15].

Vernal keratoconjunctivitis

VKC is a rare and severe form of allergic conjunctivitis.
Although no studies provide accurate calculations of VKC
prevalence in the general population in European Union
(EU), Asia, America or Africa, epidemic characteristics have
been described in case series [2—4]. In one epidemiological
report from Sweden, prevalence of VKC was clearly aug-
mented by immigration of children with an African and
Asian origin [16], suggesting that both genetic and environ-
mental factors are implicated in the incidence of the disease.
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Table 1. Demographic data from 509 vernal keratoconjunctivitis patients.

Allergy and the eye

Tarsal Limbal Mixed Age of Family history
Sex (M/F) form form form onset Duration of allergy
393/116 29% 55% 16% 7:5* 55 67+ 4 45:3%

We calculated that seven new cases of VKC every 100 000
inhabitants were reported each year in children up to 15
years of age, with approximately one new case per 1 600 000
people in the population over 16 years of age (0-06/100 000)
[17]. This confirms that VKC is not a rare event in the pae-
diatric population, but is an extremely rare new disease in
adults. Interestingly, the new cases of VKC are much more
frequent in males compared to females in the young popu-
lation whereas, over 16 years of age, the incidence of the
disease was higher in females than in males.

In our series of 509 VKC patients, 77% of patients are
male. Distribution of the three clinical forms, age of onset
and duration of the disease and family history of allergy are
shown in Table 1. The disease was bilateral in 96-7% of the
cases; all unilateral cases involved the tarsal form of VKC.
The results of allergy tests, the mean total serum IgE, the
mean blood eosinophil count and the mean level of serum
eosinophil cationic protein (ECP) are shown in Table 2.

The massive infiltration of inflammatory cells, typical
of VKC, differentiates this disease from SAC and PAC. The
presence of T helper type 2 (Th2) cells [18] and Th2-type
cytokines has been proven and confirmed in several studies.
However, during the active inflammatory phase of the
disease multiple Th1-type and Th2-type cytokines are over-
expressed and produced [10,19], including the typical Th1-
type cytokine, interferon (IFN)-vy, which probably contribute
to increasing ocular inflammation similarly to what has been

shown in the animal models [20,21]. When we looked at the
tear cytokine profile in the active phase (Fig. 1), the different
ocular allergic diseases differ predominantly in the quantity,
rather than the quality, of cytokine present [10]. Chemok-
ines such as IL-8, MCP-1, RANTES and eotaxins are secreted
actively in VKC and produced by mast cells, macrophages,
epithelial cells and fibroblasts [9,10,22]. Chemokine re-
ceptors, CCR3 and CXCR3, were found to be greatly up-
regulated in conjunctival tissues and T cells [23].

The subsequent massive eosinophil infiltration and acti-
vation is responsible for the corneal complications associ-
ated with the diseases [24]. Corneal involvement has been
correlated with conjunctival redness and expression of local
inflammation, but not to the size of giant papillae or other
clinical signs [25]. Corneal epithelial punctate keratitis may
evolve to macroerosion, ulcers and plaques, which are all
expressions of epithelial toxicity extricated by epitheliotoxic
factors released by activated eosinophils.

Th2-type cytokines IL-4 and IL-13 also have another
important role in the pathogenesis of this disease, as they
stimulate the migration, proliferation and collagen pro-
duction from conjunctival fibroblasts [2,9,10]. The altered
balance between the expression of matrix metalloproteinases
(MMPs) and tissue inhibitors of MMP (TIMP) contribute to
the excessive deposition of extracellular matrix and the for-
mation of giant papillae [26]. It has been shown that several
growth factors, including vascular endothelial growth factor

Table 2. Immunological data in vernal keratoconjunctivitis patients: mean * standard deviation and range.

Positive
CPT (%)

Positive prick
test (%)

Positive specific
serum IgE (%)

Serum total
IgE (KU/I)

Serum
ECP (mg/l)

Blood eosinophil
count (x10°/1)

208/509 (40%) 165/309 (53%) 62/110 (56%)

428 = 1063 (0-12801)

0-6 = 0-5 (0-4-8) 36 £ 354 (0-3-257)

CPT: conjuctival provocation test; ECP: eosinophil cationic protein; IgE: immunoglobulin E.

Fig. 1. Cytokine and chemokine tear levels
measured by multiplex bead immunoassay in
normal subjects (CT; n=14) and in patients
with different active ocular allergic diseases:
seasonal allergic conjunctivitis (SAC; n =12),
vernal keratoconjunctivitis (VKC; n = 18),
atopic keratoconjunctivitis (AKC; 1 = 6)

and contact lens related giant papillary
conjunctivitis (GPC; n = 4). Bars represent the KX A
median value for each group. #P < 0-01; *=< 0-05
compared to controls.
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(VEGEF), are overexpressed in VKC tissues and may involve
tissue growth and remodelling [27,28]. Other enzymatic
systems are involved in the inflammatory and remodelling
processes in this disease. Urokinase, an extravascular fibrin-
olytic system activator, is highly produced in active patients,
and expressed by inflammatory and conjunctival cells [29].
The activity of alpha 1 anti-trypsin (AAT), the archetype of
the serine protease inhibitor, is reduced locally in VKC cre-
ating an imbalance between protease and inhibitors, and
facilitating or prolonging conjunctival inflammation [30].

Recently we have shown increased and altered expression
of muscarinic and adrenergic receptors and neurotransmit-
tersin VKC tissues [31], explaining the mucus hypersecretion,
goblet cells hyperplasia and conjunctival hyperreactivity
typical of this disease.

One of the most spectacular events in the tarsal form of
VKC is the overgrowth of conjunctival connective tissue,
with the formation of large and sessile papillae from which
overflow an abundance of collagen fibres. The term ‘tissue
remodelling’ defines a gamut of alterations involving struc-
tural cells and tissues such as conjunctival thickening, sub-
epithelial fibrosis, mucus metaplasia, neovascularization
and scarring. Many elements contribute to this dramatic
response, including epithelial changes, connective tissue
deposition, oedema, inflammatory cell infiltration and
glandular hypertrophy.

Notes of treatment

The primary goal in management of ocular allergies is to
identify the causes and to prevent recurrence by eliminating
them. If this seems easy in theory, it is often difficult or
impossible to achieve in practice. Thus medication is the
obligate option, which need to be supported by patient and
family education especially in the chronic forms. Current
drug treatment for ocular allergy targets the key mechanisms
involved in the development of clinical disease: mast cells
with mast cell stabilizers, histamine with histamine receptor
antagonists and inflammation with corticosteroids, severe
inflammation with immunomodulators [32]. None of these
agents lacks side effects and none completely abolishes signs
and symptoms. New therapeutic strategies are still needed to
respond to the complex pathogenesis of severe forms of
ocular allergy such as VKC and AKC.
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