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Abstract

Introduction: Vernal keratoconjunctivitis (VKC) is a severe disease with a prevalence of < 1 case 
out of 10,000 in Europe, which occurs mainly in pediatric age and is characterized by a severe and 
often bilateral chronic inflammation of the ocular surface. The diagnosis is generally confirmed 
by the finding at the ocular examination of conjunctival hyperemia, papillary hypertrophy in the 
tarsal conjunctiva, giant papillae, papillae in the limbus region.
Objective: Aim of this review is to provide an updated overview on the disease focused on clini-
cal grading system, searching papers published in the last decade on VKC in scientific databases.
Results: Currently there are no standardized criteria for diagnosis of VKC and there is no uni-
formity to define disease severity, which makes difficult to diagnose and treat the disease.
Conclusions: Given the wide overlap of the symptoms of VKC with the allergic conjunctivitis, 
criteria of probable, possible or improbable diagnosis are needed, providing pediatricians with 
parameters useful for deciding whether to drive the patient to the ophthalmologist for diagnostic 
confirmation.

Keywords: Vernal keratoconjunctivitis, Grading, Diagnosis, Clinical markers

Background

Vernal keratoconjunctivitis (VKC) is characterized by a severe and often bilateral chronic inflam-
mation of the ocular surface, which can result in permanent injury if not adequately recognized 
and treated [1]. It is a rare disease with a prevalence of < 1 case out of 10,000 in Europe, which 
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occurs mainly in pediatric age and resolves spontaneously after puberty [2, 3]. VKC follows a 
typical seasonal pattern with onset in spring, exacerbation in summer and a tendency to remis-
sion in the autumn-winter period [3]. Criteria of diagnosis are still not well defined and specific 
criteria of suspicion of the disease are lacking too. Therefore, VKC remains underestimated and 
can lead to complications with irreversible damages. A unique and widely shared grading of its 
severity is lacking too, the choice of the better therapy remains still arbitrary [4]: a worldwide 
consensus is awaited.

We looked for articles investigating clinical and diagnostic tools that could be potentially 
useful to manage vernal keratoconjunctivitis in everyday clinical practice. The objective of this 
review is to provide an updated overview on the disease with a focus on clinical grading systems 
implemented until now.

Methods of Research

We searched Pubmed database and Cochrane library with the term “vernal keratoconjunctivitis” 
AND “clinical score”, “vernal keratoconjunctivitis” AND “scoring”, “vernal keratoconjunctivitis” 
AND “grading”. All studies published from January 1, 2007 through January 22, 2019 were included 
for a total of 200 citations. We excluded articles in languages other than English, Italian and French. 
The reference list of the selected paper was manually screened to identify any additional references 
not found directly on the electronic databases. The search provided 17 relevant papers.

Overview on VKC

VKC begins typically in the first decade of life and resolves spontaneously after puberty even 
though in the most severe cases it can leave permanent lesions. The disease affects males more 
frequently than females, with a ratio of 2–3: 1 and it is prevalent in dry hot climates, specifically 
at the Mediterranean basin, the Middle East, Central and West Africa, India, and South America 
[5–9]. Despite the typically seasonal trend, perennial forms are reported with exacerbations in the 
spring-summer period [3].

The clinical picture of VKC is characterized by ocular symptoms such as ocular pruritus, 
tearing, burning, foreign body sensation and photophobia [3]. Photophobia is a troublesome 
symptom that worsens the quality of life, limits daily activities and is exacerbated by exposure to 
light sources or screens, making the use of sunglasses indispensable. At the eyelid eversion, hyper-
emia of the bulbar and tarsal conjunctiva may be observed with the presence of papillae of variable 
size and occasionally of gelatinous infiltrates in the limbus region (Trantas Horner nodules). Just 
the finding of papillae at the limbus and/or tarsal level, strongly suggestive of VKC, allows differ-
entiating it from seasonal or perennial allergic conjunctivitis [3, 10]. Occasionally, in particular 
during the exacerbations, corneal involvement may occur with punctate keratitis, macro-erosions 
and shield ulcers that must be promptly treated to prevent permanent outcomes [11].

The complications occur mainly on the tarsal conjunctiva and the limbus area; rarely the 
cornea may be affected too [3,  12]. The cornea damages are due to the combination of the 
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mechanical injury caused by the friction of the giant papillae of the conjunctiva on the corneal 
epithelium with the releasing of inflammatory mediators from activated eosinophils and mast 
cells infiltrated into the conjunctiva [13, 14]. As a result, shield ulcers and plaques may develop 
and cause a permanent reduction in visual acuity up to 6% of all patients [15, 16]. These chronic 
lesions can lead to further complications such as microbial keratitis, amblyopia, and rarely to 
corneal perforation [17]. Microbial keratitis is one of the most severe complications and it is due 
to the greater susceptibility to infection of the VKC eye.

The rate of infections of eyes with shield ulcers ranges about 9–10%;  Staphylococcus epi-
dermidis and Streptococcus pneumonia are the most frequent bacteria isolated, followed by 
Corynebacterium species, Neisseria meningitides, Klebsiella pneumonia, Brevibacterium species; 
occasionally fungal infections from Aspergillus were reported in patients with VKC [18].

Keratoconus is another severe complication of VKC and affect about 15% of patients; in a 
large population from Italy, a frequency of around 2% has been observed [19, 20].

Pathogenesis: The development of VKC is the result of complex interactions between genetic, 
environmental and immunologic factors. The association of VKC with specific HLA haplotype 
has been few investigated with inconsistent results [21–23]. We observed in a limited number of 
VKC children the high expression of some haplotypes, such as DQB1*05, but the case study was 
too small to give meaningful indications and merely suggested that VKC may be a syndrome with 
a probable genetic predisposition not yet well defined [24].

Many signs, symptoms and histological studies suggest that an IgE-mediated inflammation 
plays the major role in the pathogenesis of VKC. About half of VKC patients are also allergic, 
their ocular symptoms worse at the allergen exposure and cytological pattern in tears and tissues 
support the role of specific IgE–mast cell activation in the development of the disease [25–28]. 
Moreover, specific IgE are detectable in serum and in tears, at least in the active phase of the 
disease. Leonardi et al. detected IgE using ImmunoCAP ISAC microarray in lacrimal samples 
of 10 VKC patients: six resulted to have specific IgE in tears but only three of them had specific 
IgE detectable in the serum [29]. Notably, the severity score of the disease was not correlated to 
the presence of secretory or serum IgE. However, also non-IgE mediated mechanism could be 
involved.

Increased numbers of CD4+ Th2 lymphocytes in the conjunctiva and overexpression of 
cytokines and co-stimulatory molecules are well documented [30–34]. VKC patients overex-
press both Th2 and Th1-derived cytokines, pro-inflammatory molecules, chemokines and growth 
factors as expression of a real inflammatory storm [35, 36].

Also IL-17 contributes to inflammation and it is implicated in many autoimmune and allergic 
diseases. As for the eye, its implication has been demonstrated in scleritis, uveitis, dry eye disease, 
and inflammation of the cornea due to Herpes virus. We studied the production of IL-17 in a 
limited number of VKC children and found that serum level of IL-17 was significantly higher 
respect to the healthy controls although it did not correlate with clinical grading of severity [37]. A 
subsequent study confirmed our results in larger VKC population and showed, unlike our results, 
that the levels of IL-17 correlated with the severity, in particular with the presence and size of 
Trantas dots [38].
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A high percentage (30.8%) of VKC children present antinuclear antibodies (ANA positivity) 
and an even greater percentage (about 50%) have a familiar history of autoimmune disorders, sug-
gesting that VKC could be a bridge disease between systemic autoimmune disorders and atopic 
condition [39, 40].

Moreover, VKC seems to be not an isolated disease of the eye but rather a systemic inflam-
matory response related to traffic of inflammatory cells and mediators from outside and inside the 
eye as suggested by recent observations. As we recently reported, inflammatory proteins such as 
high-mobility group box-1 (HMGB1) and soluble receptor for advanced glycation end products 
(sRAGE) are both increased in the serum of children with VKC [41]. Their concentration corre-
late with severity of disease, being higher during the acute phase of the disease and decreasing in 
remission or during local therapy. Notably, these inflammatory molecules do not differ between 
VKC children atopic and non-atopic as well as between ANA-positive and ANA-negative children 
[41]. Caputo et al. dosed HMGB-1 in lacrimal fluid samples obtained from VKC children and 
from healthy subjects [42]. They confirmed our results, demonstrating significantly higher levels 
of HMGB-1 in tears collected from VKC children. Interestingly, lacrimal amount of HMGB-1 
correlated with clinical score by Bonini.

These data as whole suggest that VKC is in any case a systemic inflammatory disease, regard-
less of whether it is driven by a shifted Th1 or Th2 immune response, but no one of these markers 
of inflammation are available for routine clinical practice.

Grading of VKC

Although the literature shows that the clinical picture of VKC and its complications are well 
defined, there is not currently a unique criterion of suspicion. In view of the wide overlap of the 
symptoms of VKC with the allergic conjunctivitis, the criteria of probable, possible or improbable 
diagnosis - as for example the presence of major symptoms (and how many) and minor symptoms 
- are needed, providing pediatricians with parameters useful for deciding whether to drive the 
patient to the ophthalmologist for diagnostic confirmation.

The finding of papillary hyperplasia is mandatory for the diagnosis of VKC and there is agree-
ment on the classification of the disease based on the part of conjunctiva involved (bulbar/limbal, 
palpebral and mixed form) [43]. Papillae are variable in size ranging from 0.1 to 5 mm in diameter 
but there is no unanimous threshold measure that distinguishes giants from small ones, since cut 
off proposed range from 3 mm to 1 mm in diameter, as recently suggested [3].

As regards the severity of the disease, instead, some models of combined evaluation of the 
single symptoms have been proposed.

Pucci et al. [27] developed a grading score of subjective ocular symptoms (itching, photopho-
bia, tearing, foreign body and burning sensation) ranging from zero (no symptoms) to 15 (severe 
clinical picture). For each symptom, the score assigned was 1: mild symptoms of discomfort just 
noticeable, 2: moderate discomfort for most of the day without interfering with daily routine 
activities, 3: severe symptoms disrupting daily routine activities and forcing the patient to stay at 
home most of the time.
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Spadavecchia et al. proposed to evaluate patients according to a combination of two disease 
severity scales, one based on classical ocular signs such as conjunctival hyperemia, small or giant 
papillae, Trantas, and the other one based on subjective ocular symptoms such as itching, photo-
phobia tearing, burning and foreign body sensation. These scales were graded from zero (absent) 
to two (severe) and children were classified as having severe VKC if the score was ≥3 points for 
each scale [28].

More recently, Bonini et al. [44] suggest a new grading system based on the clinical charac-
teristics of VKC. Patients were defined as Grade 0 (quiescent) when they are free of symptoms. 
Papillae may be present without local signs of disease activity (no conjunctival hyperemia). As 
Grade 1 (mild intermittent), when the patients refer onset of symptom during spring season and 
present a slight ocular inflammation (mild hyperemia) without corneal involvement, giant papil-
lae may be present. As Grade 2 (moderate intermittent/persistent), when patients are presenting 
the same symptoms as in grade 1 but more frequent and disturbing during the day, with mild to 
severe papillary reaction and conjunctival hyperemia. The intermittent form defines patients with 
occasional symptoms without corneal involvement; the persistent variant includes patients symp-
tomatic every day during season with occasional involvement of the cornea (superficial punctate 
keratitis). As Grade 3 (severe), if symptoms are present every day and hamper daily activities, 
severe conjunctival hyperemia and secretion may be associated to the presence of Horner-Trantas 
dots and the cornea may present superficial punctate keratitis, papillary reaction is moderate to 
severe. As Grade 4 (very severe) if severe itching and photophobia are present everyday with 
mucus discharge on the ocular surface and between papillae, Horner-Trantas dots are present and 
corneal complications are common. As Grade 5 (evolution) when the patients present occasional 
symptoms during seasonal periods, conjunctival papillary reaction may be present, but the cornea 
is spared and conjunctival fibrosis may be seen on the upper tarsal conjunctiva or at the fornix.

In 2009 Shoji et al. proposed another clinical grading score for ocular allergic disease named 
5–5-5 exacerbation grading scale, consisting of the following 3 graded groups of clinical observa-
tions: 1- the 100-point-grade group (100 points for each observation) includes the presence of 
active giant papillae, gelatinous infiltrates of the limbus, exfoliative epithelial keratopathy, shield 
ulcer and papillary proliferation at lower palpebral conjunctiva; 2- the 10-point-grade group (10 
points for each observation) includes the evaluation of blepharitis, papillary proliferation with 
velvety appearance, Horner-Trantas dots, edema of bulbal conjunctiva, and superficial punctate 
keratopathy; and 3- the 1-point-grade group (1 point for each observation) includes papillae at 
upper palpebral conjunctiva, follicular lesion at lower palpebral conjunctiva, hyperemia of palpe-
bral conjunctiva, hyperemia of bulbal conjunctiva, and lacrimal effusion [45]. The total points in 
each grade group were determined as the severity score of the 5–5-5 exacerbation grading scale. 
Patients with VKC obtained the highest score compared to the ones suffering with allergic con-
junctivitis or atopic keratoconjunctivitis. However, the main limitation of this scoring system is 
that it is not specific for VKC and it does not discriminate VKC from other allergic ocular disease. 
In recent studies, Shoji et al. evaluated the correlation between the clinical grading score previ-
ously proposed and levels of IL-16, Eosinophil Cationic Protein (ECP), CCL23 and other cytokine 
in tears [46, 47]. Remarkably, in children with the highest score in the 5–5-5 exacerbation grading 
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scale for ocular allergic disease - especially those with VKC - IL-16, ECP and CCL23 were higher 
than the control group, showing a statistical significance. Similarly, Shiraki et al. measured CCL24 
(Eotaxin-2) mRNA, one of the mediators of the allergic response, and compared the data obtained 
with clinical score, obtaining a positive and statistically significant correlation between laboratory 
findings and severity of VKC [33].

More recently, Gokhale et al. proposed a grading system based on severity of ocular signs, 
such as the presence of Horner-Trantas dots, cobblestone pattern, presence of superficial punc-
tate keratitis and of micro- or macro-erosions, classifying the severity of signs into 4 categories: 
mild, moderate, severe and blinding [48]. Authors stressed the importance of considering the 
frequency of symptoms: patients with less of 4 episodes per year with complete remission of 
symptoms for more than 3–4 months suffer from an intermittent disease. Conversely, patients 
complaining ocular symptoms all around the year with a remission period less of 1 month can be 
considered affected by a chronic form of VKC. This grading score should be performed on both 
eyes at every visit in order to assess clinical finding and, more importantly, choose the best thera-
peutic approach accordingly.

Several grading schemes have been proposed also to estimate corneal involvement. The 
Oxford grading system is the most widely used in clinical trials and quantified epithelial surface 
damage in patients with dry eye according to a scheme of five panels which represent its sever-
ity, proportional to the amount of corneal staining [49]. Nevertheless, the Oxford is not specific 
for VKC and a modified Oxford scale was proposed, consisting of a seven-point scale with the 
addition of one grade between grade 0 and grade 1 and was used to evaluate corneal staining in 
patients with severe dry eye [50].

More recently Leonardi et al. proposed a new scoring system to better evaluate limbal and 
tarsal epithelial damage in patients with VKC. The new VKC-CLEK gives a more accurate evalu-
ation in patients with limbal involvement. In this new scheme, the cornea and the limbal area 
are divided into five areas [51]. The total score is given by the sum of the staining scores assigned 
for each area, considering a score 0–4 for the central area and 0–1 for each limbal area. The total 
staining score is considered mild if less than 3, moderate if equal of more than 3 and less than 6 
and severe if more than 6.

Discussion

Today, we have numerous clinical scores available, some of which only built to evaluate the corneal 
damage. These grading scales are highly specialized and specific to the ophthalmologist who has 
to quantify the damage of the eye. Every ophthalmologist chooses the scale that best suits his 
clinical practice; assessment of merit on the superiority of a scale compared to another is beyond 
the pediatric skills.

There is no available attempt to integrate the ophthalmic scores with the clinical ones, except 
for the one proposed by Pucci et al. which is based on only subjective symptoms. It has the advan-
tage of being easy and handy for the pediatrician, but also limits. The more consistent limitation is 
the lack of specificity that can lead to the potential underestimation of VKC, too easily confused 
with allergic conjunctivitis.
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The Spadavecchia score is more specific while remaining simple and easy to apply. The limit 
consists in the scarce gradation of the severity of the disease. It is useful to establish that the 
disease is active when the score is > 3, but it could be more indicative if Authors had also estab-
lished intermediate scores (between 3 and 8, maximum score) to create more levels of severity 
and to facilitate the choice of the therapeutic strategy. Bonini’s excellent attempt to create a better 
grading and a less fuzzy vision of the disease clashes with the need to formulate a very complex 
count, articulated in a mosaic of symptoms and situation. The result is a complex and difficult to 
apply scheme, especially for the pediatrician.

Conclusions

There are no well-defined and uniform diagnostic criteria for VKC and no precise diagnostic 
criteria has yet been established. Moreover, no scoring system allows to share diagnostic criteria, 
management of the disease or therapy strategies.

The clinician (pediatrician) would need easy and agile tools to direct suspected VKC patients 
to the ophthalmologist and to agree and modulate the therapy. Only by increasing the knowledge 
on VKC and searching for possible surrogate markers of diagnosis and disease activity, it will be 
possible to state more homogeneous and specific scoring systems.
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Abstract

Among the different forms of allergic conjunctivitis, atopic keratoconjunctivitis has distinct char-
acteristics, defined by a more common onset in late adolescence or early adulthood, but also 
affecting the elderly, and with a higher prevalence in male individuals. However, the prevalence of 
atopic keratoconjunctivitis is scarcely investigated, and the data are often uncertain because other 
allergic nasal or respiratory disorders occur concomitantly. Mast cells, eosinophils, basophils, and 
T cells are involved in the pathogenesis of atopic keratoconjunctivitis. Despite its denomination 
as atopic, negative responses to skin tests or in-vitro immunoglobulin E tests are common. In 
fact, atopic keratoconjunctivitis can be attributed to a combination of T-helper-1 and T-helper-2 
responses, but a higher prominence for T-helper-1 cells was found. The most common symp-
toms of atopic keratoconjunctivitis are bilateral ocular itching, burning, and tearing with a peren-
nial presentation, although some patients may have seasonal exacerbations in winter or summer. 
Other symptoms such as photophobia, blurred vision, and mucous chewy discharge, owing to 
the accumulation of cells and mucin, may occur. The diagnosis of atopic keratoconjunctivitis is 
mainly clinical, as accepted diagnostic criteria or laboratory tests are not available. The treatment 
of atopic keratoconjunctivitis is aimed at controlling symptoms, decreasing relapse and exacerba-
tions, and reducing vision loss. Therapeutic options comprise topical ophthalmic drops, including 
cromones, antihistamines, corticosteroids, and calcineurin inhibitors. Topical ointments are also 
available for corticosteroids and calcineurin inhibitors. Severe forms may require systemic medi-
cations including antihistamines, corticosteroids, and calcineurin inhibitors. Atopic keratocon-
junctivitis therapy in the elderly does not differ from the adult population, but the occurrence of 
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multi-morbidities and concomitant drug treatment, which are common in this age group, requires 
a careful evaluation to determine appropriate and personalized treatment.

Introduction

Atopic keratoconjunctivitis (AKC) is an allergic ocular manifestation, reported for the first time 
in 1952 in association with atopic dermatitis [1]. Allergic conjunctivitis includes seasonal allergic 
conjunctivitis, perennial allergic conjunctivitis, vernal keratoconjunctivitis, atopic blepharocon-
junctivitis, giant papillary conjunctivitis, and AKC. In all these conditions, papillary conjuncti-
vitis is a common feature and (except for giant papillary conjunctivitis) a type I hypersensitiv-
ity response [2]. Atopic keratoconjunctivitis is the most severe ocular presentation of an allergy, 
which may result in vision loss with an end-stage severe dry eye as a result of scarring [3].

Atopic keratoconjunctivitis usually begins in adolescence or at an adult age, with the peak of 
incidence between 30 and 50 years. However, the onset of symptoms of AKC has been described 
in people of all ages. There are more male than female individuals affected [1]. With aging, hyper-
sensitivity reactions tend to diminish, while ocular complications such as chronic dry eye, visual 
loss as a result of corneal ulceration and scarring, and cataracts may develop. Furthermore, in 
the case of topical corticosteroid abuse, further complications including secondary glaucoma and 
even the risk for retinal detachment after cataract surgery have been reported [4].

There are scant data in the literature regarding the prevalence of AKC in the elderly: in 
fact, it is not uncommon for older patients to be underrepresented in randomized controlled 
trials because coexisting diseases and/or concomitant treatments are generally exclusion crite-
ria. Moreover, AKC is usually concomitant with other allergic symptoms from nasal disorders. A 
survey conducted from 1988 to 1994 in USA evaluated the prevalence of ocular and nasal allergy 
in the general population, stratified by age groups. According to this analysis, the older age group 
(> 50 years) showed more frequently isolated ocular symptoms in contrast with the younger popu-
lation (< 50 years) in whom combined ocular and nasal symptoms were more frequent. The higher 
frequency of isolated ocular symptoms in the elderly might be caused by age-related eye condi-
tions such as dry eye syndrome [5].

Key Points
	z Treatment of atopic keratoconjunctivitis in the elderly does not differ in a significant 

manner from the adult population, but a careful evaluation is required when systemic 
drugs such as oral corticosteroids or antihistamines are prescribed in the elderly because 
of their well-known side effects.

	z Second-generation antihistamines are preferred, while first-generation antihistamines 
should be avoided.

	z When assessing therapy in the elderly, drug–drug interactions and concomitant diseases 
should be considered.
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Atopic keratoconjunctivitis is frequently associated with other atopic conditions: the most 
common being eczema (95%) and asthma (87%) [6], with allergic rhinoconjunctivitis, food hyper-
sensitivity, and urticaria being less common [7]. Severe AKC has a peak incidence at between 30 
and 50 years of age, and is seen in 40% of older patients [6], associated with complications such as 
blepharoconjunctivits, cataract, corneal disease, and ocular herpes simplex [8–10].

Pathogenesis

The major cellular lines involved in the pathogenesis of AKC are mastocytes, eosinophils, baso-
phils, and T lymphocytes [11–14]. A high level of serum total immunoglobulin E is a frequent 
finding in patients with AKC; however, many patients (45%) show negative responses to skin 
tests or in-vitro tests to common allergens. When skin or in-vitro tests are positive, sensitization 
to multiple allergens is more common than monosensitization [15]. Of interest, the model of the 
conjunctival provocation test, commonly used in allergic rhinitis, proved to be also useful in AKC, 
showing a typical immunoglobulin E-mediated reaction with a significant change in eye redness 
and chemosis after 10 min, paralleled by an increase in interferon-γ and interleukin (IL)-10 [16].

Atopic keratoconjunctivitis results from a combination of T-helper-1 and T-helper-2 
responses, as shown by the elevated tear levels of interferon-γ, tumor necrosis factor-α, IL-2, 
IL-4, IL-5, and IL-10 [12–15, 17, 18]. Recently, an emerging role for IL-33 in allergic diseases was 
highlighted [19]. With regard to AKC, the crucial importance of IL-33 signaling was reported in 
the regulation of human vascular endothelial cells and the conjunctival epithelium in the giant 
papillae from patients with AKC, with an in-vitro demonstration of IL-33 contributing to IL-13 
messenger RNA induction, ST2 expression, p38MAPK phosphorylation in human mast cells, and 
the production of pro-allergic cytokine thymic stromal lymphopoietin and chemokines in human 
corneal epithelial cells [20, 21]. The role of chemokines and their receptors in the pathogenesis 
of AKC has also been studied. Eotaxin and its receptor CCR3 were found in the tears and mucus 
of patients with AKC [22] and TARC/CCL17 and its receptors, CXCR4 and CCR4, have been 
observed to be highly expressed in giant papillae and to be related to levels of IL-4 and IL-13 [23]. 
In the same study, cultured human conjunctival fibroblasts expressed stromal cell derived factor-1 
(CXCL12), which has pro-angiogenetic effects and acts as a co-stimulatory factor for CD4+ T cells 
[23]. Similarly, macrophage migration inhibitory factor was found to be elevated in patients with 
severe AKC and atopic dermatitis [23, 24].

Eosinophils are elevated in the conjunctiva of patients with allergic eye disease [9, 20, 21], 
but in AKC, eosinophil activation is more relevant than the eosinophil absolute count [9, 10]. 
Activated eosinophils are able to release gelatinase B, major basic protein, and eosinophil cationic 
protein, which may lead to the corneal complications of AKC [9, 10]. All these findings suggest 
that the pathogenesis of AKC is the result of the stimulation of immature and mature leukocytes, 
which can produce enzymes and proteins that may cause the principal complications of AKC, 
such as corneal involvement and the formation of the giant papillae.
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Symptoms and Signs

The most frequent symptoms of AKC are perennial bilateral ocular itching, burning, and tearing; 
other frequently reported symptoms are blurred vision and photophobia, and a mucous stringy 
discharge. While some patients report exacerbations in the winter season or in the summer 
months, others experience flare-ups following exposure to allergens such as dust mites or foods 
[25]. The clinical expression of signs and symptoms is related to localization in the eyelids, con-
junctiva, and cornea.

Eyelids

Patients with AKC may present with severe eczema of the eyelids and periorbital skin, which is 
often complicated by chronic blepharitis and staphylococcal infection [6, 26]. When hyperpig-
mentation is present in association with eczema, this sign is known as ‘‘panda eyes’’ [12]. Dennie–
Morgan lines, which are infraorbital linear lid creases secondary to edema and thickening of the 
lid, may also be seen in AKC. In older patients with severe forms of lid disease, de Hertoghe’s sign 
could be found: it consists of the absence of the lateral eyebrow and is frequently associated with 
lateral canthus fissures, caused by intense eye rubbing [10].

Conjunctiva

Atopic keratoconjunctivitis typically includes chronic inflammation of the conjunctiva, which is 
always bilateral, characterized by thickening and hyperemia [7,  17,  27]. Papillary hypertrophy 
affecting the upper and (more frequently) the lower tarsal conjunctiva is evident; cicatrizing con-
junctivitis can produce subepithelial fibrosis and symblepharon [7], and the scarring can cause 
the shrinking of the fornices, especially the inferior fornix [25]. Limbal Horner–Trantas dots, 
associated with evanescent white cellular infiltrates, although rare, may occur transiently during 
exacerbations [6, 12, 27–29]. The pre-corneal tear film is reduced in volume and thus the bulbar 
conjunctiva may show changes similar to those seen in keratoconjunctivitis sicca [25].

Cornea

Corneal complications can develop during or after repeated exacerbations of blepharoconjuncti-
vitis, and recurrent inflammation can lead to the development of persistent epithelial defects. An 
early sign of corneal involvement is punctate keratitis. Patients with AKC can also develop corneal 
ulceration, induced by superimposed microbial infections or recurrent severe herpes simplex ker-
atitis [30], which can be very difficult to manage, especially in patients treated with long-term 
topical corticosteroids. Keratoconus may also occur in patients with AKC, further exacerbated by 
chronic eye rubbing in response to irritated eyes; in these patients, keratoconus has been associated 
with a positive skin prick test to environmental allergens [17]. Multiple episodes of inflammation/
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infection can cause corneal neovascularization (progressive corneal sclerosis) along with pannus 
formation affecting the superior third of the cornea, which is usually associated with thinning of 
the cornea. This phenomenon can produce marked astigmatic changes and severe and permanent 
visual impairment [25].

Other Complications

Other complications of AKC include retinal detachment [31], probably caused by degeneration of 
the vitreous [25], and anterior and posterior subcapsular cataracts, the latter associated with the 
use of oral or topical corticosteroids [6, 32].

Diagnosis

There are no established diagnostic criteria or laboratory tests for AKC. The ultimate diagno-
sis is clinical, based on the characteristic signs and symptoms. All patients with suspected AKC, 
regardless of severity, should be referred to an ophthalmologist and undergo a thorough slit-lamp 
examination of the cornea, bulbar, and palpebral conjunctiva. Other current methods to assess the 
ocular surface inflammation status include flow cytometry, conjunctival brush cytology, biopsy, 
and confocal scanning laser microscopy [33]. With regard to allergy testing to identify the causa-
tive allergen(s), it must be considered that a positive test frequently indicates sensitization, which 
does not necessarily involve a clinical allergy [34].

Treatment

The purpose of AKC treatment is to control the symptoms, decrease the recurrence and exacer-
bations of the disease, and reduce vision loss. The potential for drug interactions increases with 
age and with the number of drugs prescribed [35]. It is common knowledge that the most impor-
tant mechanisms involved in drug–drug interactions are pharmacodynamic antagonization or 
the potentiation and influence on drug metabolism. In older people, reduced renal function, liver 
impairment, and decreased homeostatic mechanisms play an important role in making these 
patients more sensitive to the combined postural hypotensive or sedative effects of drugs [36].

Treatment options for AKC include topical medications and systemic drugs. The most com-
monly used topical medications are ophthalmic drops, such as mast cell stabilizers, antihista-
mines, corticosteroids, and calcineurin inhibitors, and topical ointments of corticosteroids and 
calcineurin inhibitors.

Mast Cell Stabilizers

Cromones have been used as mast cell stabilizers for a long time. However, because of the delayed 
effect, they may be used only as agents for prevention and not for the treatment of acute symptoms. 
In addition, the pharmacokinetics of cromones requires frequent daily administration, which may 
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result in low compliance, particularly in elderly patients. If topical medications fail to be effective, 
systemic medications can be prescribed; these include antihistamines, corticosteroids, and cal-
cineurin inhibitors [6, 12, 17]. As a general rule, the use of topical treatments might prevent major 
adverse effects. First-line treatment for AKC is based on topical, mast cell stabilizer ophthalmic 
drops (cromoglycate and lodoxamide 0.1%), which prevent the release of histamine and other 
proinflammatory mediators from mast cells in ocular tissues [3]. If a single-acting agent fails, 
dual-acting agents (olopatadine, ketotifen, azelastine, epinastine, and bepotastine) can be effec-
tive; these drugs have both mast cell-stabilizing and H1 receptor-blocking effects [37]. Topical and 
oral antihistamine use is aimed at the symptomatic relief of pruritus, which is principally medi-
ated by H1 stimulation [6, 12].

Antihistamines

H1 antihistamines are classified as first and second generation. First-generation H1 receptor 
antagonists can cross the blood–brain barrier, causing sedation and impaired mental status [38]; 
their effect on cholinergic or alpha-adrenoreceptors can also cause, particularly in the elderly, 
urinary symptoms such as urinary hesitancy or retention, constipation, as well as cardiovascu-
lar manifestations including arrhythmias, peripheral vasodilatation, and postural hypotension 
[39]. Furthermore, first-generation H1 receptor antagonists are less specific for the H1 receptor. 
Considering these findings, first-generation antihistamines should be prescribed with extreme 
caution in older patients. Second-generation antihistamines are generally not concerned by such 
adverse effects. Some are metabolized by the cytochrome P450 (CYP) enzyme system in their first 
pass through the liver, others are excreted unchanged through the kidneys; thus, the former may 
require a dose reduction in patients with hepatic dysfunction, the latter may instead require a dose 
reduction in patients with renal dysfunction [40].

Second-generation antihistamines include astemizole, terfenadin, cetirizin, loratadin, ebas-
tine, mizolastin, bepotastin, rupatadine, and bilastine. The more recently introduced are bepo-
tastin and rupatadine (both in the late 1990s) and bilastine (in 2014). Bilastine is a potent and 
specific second-generation H1 antihistamine that belongs to the piperidine derivatives. It is not 
metabolized by the hepatic CYP and it is excreted largely unaltered (99.5%) in the urine and feces; 
it has also limited central nervous system adverse effects owing to its fractional penetration of the 
blood–brain barrier. The efficacy of bilastine in the treatment of allergic rhinitis has been shown 
in several large controlled clinical trials [41]. A review of the literature in 2012 highlighted that 
bilastine 20 mg once daily improved not only nasal but also ocular symptoms of allergic rhinitis 
and improved quality of life, thus meeting the current Allergic Rhinitis and its Impact of Asthma-
European Academy of Allergology and Clinical Immunology criteria for drugs used in the treat-
ment of allergic rhinitis [42]. Sologuren et al. in 2013 performed a 3-month follow-up aimed at 
assessing the safety profile of bilastine in patients aged ≥ 65 years, enrolling a total of 151 patients 
with a mean age of 74.8 ± 6.6 years. The incidence of treatment-emergent adverse events was low, 
and all serious treatment-emergent adverse events were considered to be unrelated to bilastine; of 
the related treatment-emergent adverse events, only somnolence was reported by more than one 
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patient. These results were in accordance with the adverse-event incidence reported in previous 
studies, thus confirming the known safety profile of bilastine 20 mg [43].

Rupatadine is a selective and powerful high-affinity inverse agonist of the H1 receptor, which, 
unlike other antihistamines, has the ability to interact with the platelet-activating factor, provid-
ing also anti-inflammatory effects. Rupatadine has proved to be very effective in the reduction of 
ocular and nasal symptoms. As it is metabolized mainly by CYP3A4, co-administration of rupata-
dine with moderate CYP3A4 inhibitors (such as amiodarone, verapamil, and diltiazem) should be 
carefully evaluated, while concomitant administration with potent CYP3A4 drug inhibitors (such 
as macrolides and protease inhibitors) should be avoided [44].

Oral bepotastine was found to have, beyond the anti-histamine action, the ability to suppress 
some allergic inflammatory processes such as eosinophil recruitment and vascular hyperperme-
ability, and to be well tolerated [45], but currently is preferred for topical use. Several other topical 
antihistamines are available, as shown in Table  1. They are seldom concerned by side effects; 
however, there is no clear evidence of efficacy in AKC [3, 12]. The use of cold compresses in com-
bination with ophthalmic antihistamines was recently reported to enhance the effectiveness of 
traditional pharmacological therapy [46].

Corticosteroids

For patients who do not respond to 2 or 3 weeks of therapy with a mast cell stabilizer/antihista-
mine, pulse therapy with topical corticosteroids is considered appropriate [12]. Although corti-
costeroids are more effective than cromones and antihistamines in controlling AKC, long-term 
use of topical corticosteroids increases the risk of serious eye infections (e.g., herpes keratitis), 
cataract formation, ocular hypertension, and glaucoma [12, 16, 47].

Table 1: Topical medications.

Topical mast 
cell stabilizers

Topical 
antihistamines

Topical antihistamines/
mast cell stabilizers

Topical corticosteroids Topical 
calcineurin 
inhibitors

Cromolyn 
sodium

Lodoxamide

Levocabastine 
hydrochloride

Pheniramine 
maleate

Olopatadine
Alcaftadine
Bepotastine
Azelastine
Epinastine
Ketotifen
Emedastine

For mild-to moderate 
symptoms

 Loteprednol 0.5 or 0.2%a

 Prednisolone acetate 
0.12%

 Fluorometholone 0.10%a

 Hydrocortisone sodium 
phosphate 3.35 mg/mL

 Rimexolone 1%a

For severe symptoms
 Prednisolone acetate 1%

Tacrolimus 0.03 
or 0.1%

Cyclosporine 
0.05% solution

aMore satisfactory safety profile
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Systemic corticosteroids are sometimes used in severe cases of AKC when topical corticoster-
oids are ineffective or required for a period longer than 6 weeks [3]. Corticosteroid adverse effects 
concern many organs and systems, and could range from mild (e.g., Cushingoid appearance) to 
life-threatening events (e.g., severe infections) [48]. Some of these adverse effects may be worse in 
older people. Patients receiving prednisolone 5–40 mg/day for at least 1 year can manifest partial 
loss of explicit memory, and elderly patients may be more susceptible to memory impairment 
even with less protracted treatment [49]. The risk of developing diabetes mellitus is increased in 
elderly patients who are newly treated with oral corticosteroid therapy [50]. Other common con-
ditions of old age, such as cataracts [51] and osteoporosis [52] have also been linked to the use of 
systemic corticosteroids. Moreover, glucocorticoid effects on the central nervous system are well 
known and vary from depression to delirium, mania, and psychosis. Neuropsychiatric complica-
tions are more likely at doses higher than the equivalent of 40 mg of prednisolone per day [53, 54].

Although these effects are usually reversible at the decrease or withdrawal of the drug, the 
use of systemic corticosteroids should be carefully evaluated in elderly patients with prior cogni-
tive impairment. If corticosteroids are ineffective or adverse effects preclude their use, calcineurin 
inhibitors can be used [3].

Calcineurin Inhibitors

When antigen-presenting cells interact with T-cell receptors, calcineurin is activated; activated 
calcineurin then induces nuclear factor of activated T cells, which up-regulates the expression of 
IL-2. Cyclosporine A and tacrolimus block the effects of calcineurin, decreasing IL-2 production 
[12, 46]. Immunosuppressive therapy is indicated to control ocular inflammation when corticos-
teroids are ineffective, to prevent long-term corticosteroid side effects, and to achieve control in 
severe forms of AKC at high risk for complications. Cyclosporine A, a cyclic polypeptide of fungal 
origin, is commercially available as a 0.05% emulsion [55]. At higher doses (1% or 2%), cyclo-
sporine can cause adverse effects including stinging and irritation [56, 57]. Trial data are limited: 
in a small randomized trial, topical cyclosporine (2% four times daily) proved to be more effective 
than placebo in improving signs and symptoms in patients with AKC and in reducing the need 
for topical corticosteroids [58].

Tacrolimus, a competitive calcineurin inhibitor and macrolide antibiotic isolated from soil 
fungus  Streptomyces tsukubaensis, is available as 0.03% and 0.1% topical ointments [46,  59]. 
Compared with cyclosporine, tacrolimus is a more potent inhibitor of immunoglobulin 
E-mediated enzyme release and has a more global immunosuppressive effect [46]. In a case series, 
continuous therapy with topical tacrolimus led to significant improvement in patients with severe 
AKC. No adverse effect was noted for 2 months to 2 years of continuous therapy [60].

Three small case series found that long-term therapy with oral calcineurin inhibitors (cyclo-
sporine 3–5 mg/kg daily or tacrolimus 0.03–0.08 mg/kg daily) was generally safe and resulted in 
complete remission in most patients with severe refractory disease [61, 62]. No studies are cur-
rently available on the use of these drugs in the elderly population.
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Immunomodulatory Therapy

A recent retrospective analysis of 13 patients affected by severe AKC and presenting with ocular 
surface disease compared the outcomes of medical intervention with immunomodulatory therapy 
to that of surgical treatments. Immunomodulatory therapy was exclusively topical in four cases 
and systemic in one case (oral cyclosporine associated with topical corticosteroids). Patients 
treated only with medical therapy experienced a decline in visual acuity, while stable-to-improved 
vision was achieved in the group of patients who underwent a surgical intervention. The authors 
suggested that immunomodulatory therapy is a valuable tool in the early stages of the disease, 
but when the ocular surface is compromised surgical intervention may be required. This means 
immunomodulatory therapy should be commenced at the early stages of the disease, particularly 
prior to limbal stem cell deficiency [63].

Disease-modifying anti-rheumatic drugs, such as methotrexate, mycophenolate mophetil, 
and azathioprine play a well-established role in the treatment of rheumatologic diseases. Disease-
modifying anti-rheumatic drugs also play a role in the treatment of ocular inflammation: 
mycophenolate mophetil has proven to be effective in inducing complete and sustained control of 
ocular inflammation and to have a valuable corticosteroid-sparing effect [64].

Methotrexate added to an anti-inflammatory regimen has shown a moderate efficacy in disease 
control and corticosteroid-sparing effect after many months of treatment [65]. Methotrexate is 
generally well tolerated and carries a small risk of serious side effects. Azathioprine has also dem-
onstrated some efficacy in patients with active ocular inflammation, although the success was 
modest and after several months of treatment. Side effects, including the well-known gastrointes-
tinal discomfort, are reversible with discontinuation [66].

A study compared the ability to control ocular inflammation and to allow corticosteroid taper-
ing, as well as the incidence of side effects in three groups of patients undergoing immunomodu-
latory therapy with methotrexate, mycophenolate mophetil, and azathioprine. Mycophenolate 
mophetil achieved control of ocular inflammation faster than methotrexate, while it was superior 
to azathioprine regarding the side-effect profile [67].

The effect of antimetabolite drugs on various types of non-infectious ocular inflammations, 
uveitis, and scleritis above all suggests a possible role for these drugs also in AKC. However, even 
though antimetabolites have been safely employed for decades in other fields (such as rheumatol-
ogy), their use can result in systemic side reactions, ranging from gastrointestinal intolerance to 
hepatotoxicity, cytopenias, bone marrow suppression, and interstitial pneumonia, all of which are 
reversible by dose reduction or cessation [68]. Table 2 provides the step-up approach for AKC.

Non-Pharmacological Treatment

Among non-pharmacological treatments, the use of cold compresses in combination with oph-
thalmic antihistamines to enhance their effectiveness was already mentioned. Another non-phar-
macological treatment is based on preservative-free artificial tears that were found to be effective 
in providing lubrication and diluting inflammatory mediators in the tear film [46].
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Conclusion

Atopic keratoconjunctivitis therapy in the elderly does not differ significantly from the application 
in adult populations, but multi-morbidities and polypharmacy, typical in this age group, require 
a careful evaluation to assess a correct and personalized treatment. Of all the drugs used for the 
treatment of AKC, those with the most common and severe adverse effects on the older popula-
tion are systemic corticosteroids, while first-generation H1 antihistamines usually have mild-to-
moderate adverse effects. A study to define the safety and tolerability profile of these treatments 
in people aged ≥ 65 years, with or without comorbidity, particularly receiving polytherapy, could 
be of relevant utility.
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Abstract

Purpose: Local allergic rhinitis (LAR) has been reported in the field of otolaryngology; however, 
the concept of local allergic conjunctivitis (LAC) has not been widely studied in the ophthalmo-
logic community. We routinely examined total IgE levels in tear fluids (t-tIgE) and antigen-spe-
cific IgE levels in serum (s-sIgE) in patients with suspected allergic conjunctivitis, on the basis of 
Japanese guidelines for allergic conjunctival diseases. There are several cases in which the results 
of t-tIgE and s-sIgE testing are divergent. We suggest that these divergent cases correspond to LAR 
in otolaryngology.
Methods: The study included 148 patients (33 men and 115 women) with clinical symptoms 
and signs of allergic conjunctivitis. Allerwatch Tear IgE®  was used for measurement of  t-tIgE 
levels. ImmunoCAP Rapid® and View Allergy 39® were used for measurement of  s-sIgE levels. 
Conjunctival cytology using spatula was used to identify eosinophils on the conjunctiva.
Results: A total of 83 patients (56.1%) were positive and 65 patients were negative for t-tIgE in the 
AW. In the ICR, 97 patients (65.5%) were positive for at least one of the eight allergens, whereas 
51 (34.5%) were negative for all allergens. Among 83 patients positive for t-tIgE, 14 (16.9%) had 
no detectable s-sIgE. Therefore, we considered the possibility of LAC in cases in which only local 
IgE could be detected. Among 28 cases (18.9%) who were negative for t-tIgE and s-sIgE, 21 under-
went conjunctival scraping; eosinophils were found in four cases and eosinophilic granules in two. 
Accordingly, we considered the possibility of non-IgE-type AC in these six cases.
Conclusions: These results suggest the existence of LAC that is a candidate of a phenotype of AC.

Keywords: Allergic conjunctivitis, Phenotype, Serum total IgE, Specific serum IgE, Total tear IgE
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Introduction

According to the Guidelines for the Clinical Management of Allergic Conjunctival Disease (ACD) 
of the Japanese Ophthalmology Society (“the guidelines”) [1], allergic conjunctivitis (AC) is 
defined as non-proliferative conjunctivitis associated with a type I allergy mediated by IgE anti-
bodies. The guidelines indicate that a definitive diagnosis of ACD requires positive results for 
serum antigen-specific IgE (s-sIgE) antibodies and eosinophils in a conjunctival smear. A com-
mercial kit that measures total IgE antibody levels in lacrimal fluid has recently become available; 
it can be used to confirm local production of IgE antibodies in the eye, but this test cannot be used 
for the definitive diagnosis of ACD.

Allergic diseases have various phenotypes [2]. In 1975, Huggins et al. [3] reported that allergic 
rhinitis (AR) has one entity, i.e., local allergic rhinitis (LAR). LAR is described as a phenotype of 
AR in the Global Atlas of Allergic Rhinitis and Chronic Rhinosinusitis of the European Academy 
of Allergy and Clinical Immunology [4]. In 1993, Leonardi et al. [5] suggested a probable entity 
of local allergic conjunctivitis (LAC), but the concept of LAC has not been widely studied in the 
ophthalmologic community.

We performed total tear IgE (t-tIgE) and specific serum IgE (s-sIgE) testing in patients clini-
cally diagnosed using subjective symptoms (itchy, red, or watery eye) and clinical findings based 
on the guideline [1], and evaluated the results for the purpose of seeking the presence of LAC 
cases in these patients.

Moreover, we also evaluated cytological analysis of eosinophils in the conjunctival scraping 
specimens in patients who showed negative for both t-tIgE and s-sIgE to make clear the patho-
physiology of LAC in this study.

Materials and Methods

This study followed the ethical principles of the Declaration of Helsinki and was approved by the 
Ethics Committee of Clinical Research Network Fukuoka (No. 17-E01). The study was registered 
in the UMIN Clinical Trials Registry (UMIN Trial ID: UMIN000027651).

This study included 148 patients (33 men and 115 women; 5–88  years old; mean age, 
65.3 years) who visited the Yamana Eye Clinic between December 2013 and March 2017, with 
a clinical diagnosis of AC on the basis of subjective and clinical symptoms (Table  1). Patients 
without t-tIgE and s-sIgE test results were excluded.

The following tests were performed according to the guidelines [1]. T-tIgE levels were meas-
ured with the Allerwatch® Tear IgE (AW) kit, using immunochromatography [6, 7]. S-sIgE anti-
body levels against eight allergens, included Dermatophagoides pteronyssinus, cockroach, cat 
dander, dog dander, Japanese cedar, orchard grass, ragweed, and mugwort, were measured with 
the ImmunoCAP® Rapid (ICR) kit, using a fluorescent enzyme immunoassay [8, 9]. Antibody 
levels against 39 allergens (including the eight allergens measured with ICR) were assessed with 
the View Allergy 39® (View39) kit, using a chemiluminescent enzyme immunoassay (Table 2). 
The ICR uses immunochromatography based on a sandwich method, with colloidal gold as the 
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labeled substance; the View39 also uses immunochromatography based on a sandwich method, 
but with β-galactosidase as the labeled substance.

All patients underwent both t-tIgE and s-sIgE testing. Of the patients who tested positive for 
t-tIgE but had no detectable s-sIgE antibodies, more than half underwent serum total IgE (s-tIgE) 
testing.

Conjunctival cytology using spatula was carried out on the palpebral conjunctiva of patients 
with negative results in all tests; the specimens were examined for the presence of eosinophils 
using Hansel staining and an optical microscope.

Table 1: Age groups of the subjects, n = 148.

Age group (years) N (%)

< 10 2 (1.4)

10–19 1 (0.7)

20–29 4 (2.7)

30–39 9 (6.1)

40–49 7 (4.7)

50–59 15 (10.1)

60–69 32 (21.6)

70–79 57 (38.5)

≥ 80 21 (14.2)

Table 2: Allergens included in the specific IgE View Allergy 39 test kit.

Inhaled and other allergens Food allergens

House dust Dermatophagoides pteronyssinus, 
house dust

Egg Egg, ovomucoid

Pets Cat dander, dog dander Milk Milk

Insects Moth, cockroach Wheat Wheat

Trees Japanese cedar, Japanese cypress, 
Alder, Black birch

Beans/grains/seeds Peanuts, soybeans, buckwheat, 
sesame, rice

Herbs/grasses Orchard grass, ragweed, 
mugwort, Timothy

Crustaceans Shrimp/lobster, crab

Airborne fungi Alternaria, Aspergillus Fruit Kiwis, apples, bananas

Fungi and 
others

Candida, Malassezia, latex Fish/meat Tuna, salmon, mackerel, beef, 
chicken, pork

The text in bold reflects food allergens with mandatory or recommended labeling in Japan
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Results

A total of 83 patients (56.1%) tested positive for t-tIgE in the AW. In the ICR, 97 patients (65.5%) 
were positive for at least one of the eight allergens, whereas 51 (34.5%) were negative for all aller-
gens. Of the 83 patients who tested positive for t-tIgE in the AW, 19 (22.9%) were negative for all 
eight allergens examined with the ICR. Of these, five had detectable s-sIgE antibodies in View39, 
whereas 14 (16.9%) had no detectable s-sIgE antibodies (Table 3). Of these 14 patients, nine under-
went s-tIgE testing; all showed a level that was below the reference range (< 170 IU/mL; Table 4).

Of 32 patients (21.6%) with negative results in both the AW and the ICR, four had detect-
able s-sIgE antibodies in View39 against allergens that were not examined in the ICR. In total, 28 
patients (18.9%) were negative in all three tests (AW, ICR, and View39).

Table 3: The results of total tear IgE and specific serum IgE test.

t-tIgE Positive t-tIgE Negative Total

s-sIgE Positive 69 cases (83.1%) 37 cases (56.9%) 106 cases (71.6%)

s-sIgE Negative 14 cases (16.9%) 28 cases (43.1%) 42 cases (23.4%)

Total 83 cases (100%) 65 cases (100%) 148 cases (100%)

s-sIgE, Specific serum IgE; t-tIgE, Total tear IgE

Table 4: Clinical details of patients who were positive for total tear IgE and showed no 
detectable specific serum IgE antibodies.

No. Age (years) Sex t-tIgE s-sIgE s-tIgE

1 76 F + − Not tested

2 80 F + − 75 IU/mL

3 74 F + − 31 IU/mL

4 84 F + − Not tested

5 51 F + − Not tested

6 79 F + − 7 IU/mL

7 77 F + − 37 IU/mL

8 75 F + − 9 IU/mL

9 74 F + − 3 IU/mL

10 55 M + − Not tested

11 85 F + − Not tested

12 71 F + − 11 IU/mL

13 69 F + − 48 IU/mL

14 80 F + − 2 IU/mL

s-sIgE, Specific serum IgE; s-tIgE, Serum total IgE; t-tIgE, Total tear IgE
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Of these 28 patients who were negative for t-tIgE and s-sIgE antibodies, 21 underwent con-
junctival cytology of the palpebral conjunctiva to evaluate the presence of eosinophils. Eosinophils 
and eosinophilic granules were detected in four (19%) and two (9.5%) patients, respectively. Of 
the 28 patients, 19 underwent s-tIgE testing; of these, 17 had a normal value (< 170 IU/mL) and 
two had a level ≥ 170 IU/mL.

Discussion

The guidelines define ACD as “conjunctival inflammatory diseases associated with type I allergy 
accompanied by some subjective and objective symptoms” [1]. The presence of clinical symptoms, 
type I allergic diathesis, and a type I allergic reaction in the conjunctiva are required for a diagno-
sis of AC. Type I allergic diathesis can be confirmed via positive results for serum antigen-specific 
IgE antibody levels or a skin reaction with presumed antigens, an increase in serum total IgE anti-
body levels, the presence or the absence of a family history of allergic diseases, and comorbidities 
of other allergic diseases. The guidelines state that the presence of eosinophils in the conjunctiva 
must be shown for the definitive diagnosis of ACD.

Leonardi et al. [5] stated: “In patients with rhino conjunctivitis or rhinitis, and in 10 normal 
subjects, results of conjunctival provocation tests (CPT) and nasal-specific provocation test (NPT) 
were in 100% agreement.” Conversely, in patients with only conjunctivitis, little correlation was 
found between the results of CPT and NPT (K = 0.3). Tear-specific IgE was the only positive diag-
nostic sign of antigen sensitivity in 35% of VKC (vernal keratoconjunctivitis) patients and 30% 
of AC patients. It was suggested from this that the conjunctiva can be a uniquely sensitized target 
organ in allergic patients [5]. In the field of otolaryngology, the entity of LAR was first reported 
by Huggins et al. in 1975 [3] and subsequently by Rondón et al. in 2010 [10, 11] as well as by 
Campo et al. [12]. Rondón and colleagues [10, 11] reported that atopic AR was identified in 63%, 
non-allergic AR in 11%, and LAR in 26% of Spanish adult patients with rhinitis. LAR is char-
acterized by symptoms of rhinitis (sneezing, watery rhinorrhea, and nasal congestion), eosino-
philic infiltration of the nasal mucosa, and IgE antibodies localized in the nasal mucosa. However, 
LAR shows no elevation of serum IgE levels; it is likely to progress to atopic AR accompanied 
by asthma or other complications. After that Rondón and colleagues reported that a similar rate 
of development of AR with systemic atopy was detected in patients and controls (9.7% vs 7.8%, 
long-rank P = 0.623). In five patients, conversion to systemic atopy occurred > 10 years (3%). And 
then Rondón et al. [13] concluded as follow: LAR is a well-differentiated clinical entity with a low 
rate of development of systemic atopy, a natural evolution toward worsening and a risk factor for 
suffering asthma. Campo et al. [14] reviewed the diagnosis, classification and etiology, therapeutic 
options, and they concluded as follows: LAR rapidly evolves toward the clinical worsening and the 
association to asthma and conjunctivitis implying that an early diagnosis and the initiation of spe-
cific therapies are crucial for controlling the disease and potentially preventing its comorbidities.

Kato et al. [15] and Gelardi et al. [16] reported on the etiology of LAR. Kato investigated 
the pathophysiology of mice with allergic rhinitis that initially sensitized with ragweed pollen 
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through the nasal route. He concluded that Th2 cells cause nasal symptoms due to the accumula-
tion of Th2 cell in the nasal region on the pathology of LAR. Gelardi hypothesized that the nasal 
IgE production represents a form of spontaneous immune response.

In this study, among 83 patients positive for t-tIgE, 14 (16.9%) had no detectable s-sIgE anti-
bodies; however, not all s-sIgE antibodies could be examined. Of these 14 patients, nine under-
went s-tIgE testing; all showed a level that was below the reference range. Therefore, the prevalence 
of LAC was 16.9% in this study. Atopic bronchial asthma [17–19], atopic dermatitis (AD) [20, 21], 
and AR [22] have various phenotypes. LAC might be a candidate of novel phenotype in AC.

Several ophthalmologic studies have reported local cytokine dynamics in the eye, including 
the palpebral conjunctiva and lacrimal fluid [23–28]. However, few studies have been reported for 
the dissociation of serum and tear IgE antibody levels in patients with AC. Aghayan-Ugurluoglu 
and colleagues [29] reported that serum and tears of many of the pollen-allergic individuals with 
conjunctivitis exhibited specificity for the very same pollen allergens, but no allergen-specific IgE 
antibodies were detected in tears of non-atopic individuals. They also stated that IgA antibodies in 
sera and tears of patients with allergic conjunctivitis were mainly directed against non-allergenic 
moieties and showed specificities that were significantly different from those of IgE antibodies 
[29]. Whereas these results were interesting to consider the local allergic reactions in clinical situ-
ation of ACD, their report did not directly support our findings. Pathophysiological property 
of LAC has not been clarified, because the prevalence of LAC among AC is limited and several 
steps of diagnostic measures, serum, and tear antigen-specific IgE tests and conjunctival cytology 
test added to clinical evaluation, are required for the diagnosis of LAC. However, Leonardi et al. 
[30] reported that while normal subjects resulted negative for the presence of specific IgE both in 
serum and in tears, of the 10 VKC patients, six resulted positive to specific IgE in serum and/or 
tears, and in three of these six patients, specific IgE was found positive only in tears. Also, study 
population was different from our study; it was revealed that the dissociation of serum and tear 
IgE might be observed in some patients among ACD. Future study will be focused on immuno-
logical analysis of ocular surface in LAC to find out its allergological specificities compared with 
other ACD.

We also found cases who showed positive eosinophils in the conjunctival scrapings, but 
who had negative t-tIgE and s-sIgE tests among several clinically diagnosed AC patients. There 
seems no study focusing on these specific cases that showed only positive conjunctival eosinophils 
without antigen-specific IgE elevation in both serum and tears. Although we considered the possi-
bility of the presence of non-IgE-type AC in these cases, pathological bases of this phenotype will 
also be clarified in the future, since non-IgE-type AC is considered rarer in AC cases.

Conclusion

AC has been considered as an ocular manifestation of type I allergy mediated by IgE antibodies. 
However, the results of the present study suggest the existence of LAC, as a novel phenotype of 
AC. We also found non-IgE-type AC as another unique clinical entity of AC in this study.
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Abstract

Background: Allergic diseases are associated with a higher risk of Tourette’s syndrome (TS). 
Provisional tic disorder (PTD) and eye blinking are often reported as the initial symptoms both in 
TS and in allergic conjunctivitis (AC).
Objective: To investigate the association between AC and PTD in children of 4–10 years of age in 
southwest China.
Methods: This case–control study was carried out at the Children’s Hospital of Chongqing Medical 
University between January 2016 and June 2017. Age- and gender-matched children without PTD 
were included as the control group. Intraocular pressure was measured by non-contact tonom-
etry, tear film break-up time by slit-lamp examination, and allergens by skin prick test (SPT). 
Multivariable logistic regression analysis was applied to adjust for the simultaneous effects of AC, 
dry eye, and allergic history in children with PTD.
Results: The frequency of AC was higher in the PTD group (74.3%, 52/70) than in the control 
group (17.1%, 12/70) (P < 0.001). The frequencies of positive SPT were found to be higher in the 
PTD group (80.0%, 56/70) than in the control group (20.0%, 14/70). AC, dry eye, and history of 
allergic rhinitis were significantly associated with PTD.
Conclusion: The frequencies of AC are high in children with PTD. AC and dry eye may be both 
associated with PTD in children.
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Introduction

About 10–15% of children in elementary schools have transient simple motor tics [1]. Provisional 
tic disorder (PTD) is characterized by tics for < 1 year and affects about 3% of the pediatric popu-
lation [2]. PTD is also observed during the onset stage of Tourette’s syndrome (TS), and motor 
and phonic tics are the core features of TS [3]. Increased eye blinking is often reported as the 
initial symptom of patients with TS [4].

A study was showed that allergic diseases were associated with TS [5]. Allergic conjunctivitis 
(AC) is associated with changes in tear film composition, predisposing to dry eyes [6]. Tear film 
dysfunction can also be a possible complication of ocular allergic disease [7]. In an earlier study 
by our group, the occurrence of dry eye was higher in young children with seasonal and perennial 
AC [8]. Frequent eye blinking is one of the most common symptoms of dry eyes [8].

Frequent blinking is one of the most common and important symptoms of AC in children, 
even when there are no particular complaints of uncomfortable eyes [8]. A form of dry eye asso-
ciated with AC is characterized solely by decreased tear film break-up time (TFBUT), without 
symptoms [9]. Activities that decrease eye blinking (such as extended computer use, watching tel-
evision, and reading) can trigger and/or exacerbate dry eye symptoms [10]. Interestingly, patients 
with TS show a two–threefold higher blink rate compared with controls during video watching 
[11]. Associations between allergy and increased immune response activation have been reported 
in TS [5]. Some of the allergic manifestations are similar to the oral and motor tics found in 
patients with TS [12].

The association between AC and PTD is poorly understood. Based on those previous obser-
vations, the present study aimed to investigate the association between AC and PTD in children 
of 4–10 years of age in southwest China. The results could help the management of children with 
PTD.

Subjects and Methods

Study Design and Patients

This case–control study was conducted at the Outpatient Department of Ophthalmology and the 
Outpatient Department of Neurology of the Children’s Hospital of Chongqing Medical University 
between January 2016 and June 2017. Patients diagnosed with PTD at the Outpatient Department 
of Neurology were included. Age- and gender-matched non-PTD children were included as the 
control group. Those healthy children underwent health checkup at the Outpatient Department of 
Ophthalmology. All participants included in the study were between 4–10 years of age. The exclu-
sion criteria for both groups were: (1) history of ocular surgery; (2) ocular trauma; (3) trichiasis; 
(4) eyelid abnormalities; or (5) any active ocular infection.

PTD was diagnosed according to the tenth International Classification of Disease-10 (ICD-
10) criteria and the fifth version of the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5) [3]. PTD is diagnosed when [3]: (1) there is a presence of one or more motor tics of vocal 
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tics; (2) there is a presence of tics for < 12 months in a row; (3) the patients have tics that started 
before age 18 years; (4) the patients have symptoms that are not due to medicine or drugs, or to 
other conditions that can cause tics; and (5) the patients have not been diagnosed with TS or per-
sistent motor or vocal tic disorder. AC was diagnosed on the basis of positive skin prick test (SPT) 
and clinical symptoms such as ocular itching, redness, and swelling of the conjunctiva [8, 13].

The study was approved by the ethics committee of the Children’s Hospital of Chongqing 
Medical University (No. 116/2016). Written informed consents were obtained from the parents 
or guardians of the children. The study was conducted in accordance with the principles of the 
Declaration of Helsinki.

TFBUT Test

Both eyes were assessed. The right eye was used for data analysis. TFBUT was assessed using a 
Burton’s lamp with a cobalt blue filter. A drop of 2% sodium fluorescein was applied to the eye, 
and the patient was asked to blink five times. The patient was then asked to refrain from blink-
ing, during which time the dry pots appear and are shown as black spots or lines. The interval 
between the last blink and the appearance of the first randomly distributed dry spot was taken as 
the TFBUT. Three measurements were recorded. A reference value of 10 s for TFBUT was used 
for the diagnosis of dry eyes [14, 15].

Intraocular Pressure

In all cases, both eyes were assessed routinely. The right eye was used for analysis. Intraocular 
pressure (IOP) was measured using a non-contact tonometer (NCT), based on air puff (Topcon 
CT60). Three measurements were taken on each patient, and the average of the readings was 
recorded as the final IOP.

SPT

The skin prick test was performed on the anterior part of the forearm. The sensitivity to twenty-
three common air allergens was tested including Dermatophagoides (D.) pteronyssinus, D. farina, 
cotton fiber, dog hairs, cat hairs, duck feather, cockroach, cigarettes, birch pollen, Artemisia vul-
garis, corn pollen, Saccharomycetes, Penicillium, peanut, milk, egg, mango, apple, soybean, hair-
tail, beef, shrimp, and sea crab. The positive control solution was 10 mg/mL histamine hydro-
chloride, and the negative control solution was phenolated glycerol–saline solution. The largest 
diameter of the wheals was measured 20 min after pricking. A positive skin reaction was defined 
as a wheal at least 3 mm greater than the diameter of the negative control. The results were scaled 
from 1 to 4 according to the size of the wheal (+ 1, larger than the negative control by < 5 mm; 
+ 2, by 5–7 mm; + 3, by 7–10 mm; and + 4, by > 10 mm and/or pseudopods). The same physician 
evaluated all included children.
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Statistical Analysis

Data were analyzed using SPSS 16.0. Continuous variables were presented as mean ± standard 
deviation (SD) and were analyzed using the independent Student’s t test. Categorical variables 
were presented as frequencies and percentage and were analyzed using the Chi-square test of 
the Fisher’s exact test, as appropriate. Multivariable logistic regression analysis was performed to 
adjust for the simultaneous effects of AC, dry eye, and allergic history in children with PTD. Two-
sided P values < 0.05 were considered statistically significant.

Results

Patients

Seventy patients and 70 healthy children were included in this study. There were 54 males and 16 
females in the PTD group and 50 males and 20 females in the control group (P = 0.591). The mean 
age was 6.82 ± 2.18 years in the PTD group and 6.90 ± 2.25 years in the control group (P = 0.875).

Analysis by Groups

The frequency of AC was higher in the PTD group (74.3%, 52/70) than in the control group 
(17.1%, 12/70) (P < 0.001). The frequencies of dry eyes (assessed by TFBUT) were 78.6% (55/70) 
in the PTD group and 28.6% (20/70) in the control group (P < 0.001). TFBUT was significantly 
lower in the PTD group (6.5 ± 1.4 s) than in the control group (9.6 ± 1.6; P < 0.001). There was no 
difference in IOP between the two groups (17.3 ± 2.9 and 16.8 + 3.1 mmHg, P = 0.576).

The frequency of positive SPT was higher in the PTD group (80.0%, 56/70) than in the control 
group (20.0%, 14/70). Regarding allergy history, 48.6% (34/70) patients had history of allergic 
rhinitis (AR) in the PTD group, compared with 11.4% (8/70) in the control group (P = 0.001). 
History of asthma was present in 17.1% (12/70) patients in the PTD group and 2.9% (2/70) chil-
dren in the control group (P = 0.046) (Table 1).

Fifty-eight (82.9%) patients had a history of allergy in the PTD group, compared with 18 
(25.7%) in the control group (P < 0.001). In the PTD group, 22 (31.4%) patients were determined 
as having simple AC and 22 (31.4%) patients as having AC combined with AR; there were four 
(5.7%) patients having AC combined with asthma; there were two (2.9%) patients having AC 
combined with AR and asthma; and there were two patients with all four (conjunctivitis, asthma, 
rhinitis, and dermatitis). In the control group, only six (8.6%) patients were determined as having 
simple AC; there were two (2.9%) patients having AC combined with dermatitis, two (2.9%) 
patients having AC combined with AR and dermatitis, and two (2.9%) patients having AC com-
bined with asthma and dermatitis.
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Analysis by Allergens

In the PTD group, the frequencies of AC (74.3%, 52/70) and positive SPTs (80.0%, 56/70) 
were high. In the patients with positive SPT, allergy to food (such as milk and beef) and sea-
sonal allergens (such as cotton fiber and corn pollen) were not common. Allergens such as birch 
pollen, Artemisia vulgaris, and other food allergens were all negative. Regarding the non-seasonal 
allergens, Dermatophagoides pteronyssinus and Dermatophagoides farinae were the most frequent 
allergens, representing 57.1% (40/70) and 54.3% (38/70) of the patients, respectively.

In the control group, the frequencies of AC (17.1%, 12/70) and positive SPTs (20.0%, 14/70) 
were low. The most frequent allergens were, in decreasing order, Dermatophagoides pteronyssinus 
and Dermatophagoides farina, dog hairs, cigarette, and milk (Table 2).

Risk Factors for PTD in Children

AC and dry eye were more common in children with PTD compared with the matched controls. 
AC, dry eye, and history of allergic rhinitis were strongly associated with PTD (Table 3). AC was 
less frequent than dry eye in the PTD group (odds ratio (OR) 13.96, 95% confidence interval (CI) 
4.37–44.57, P < 0.001; and OR 23.27, 95% CI 5.84–92.68, P < 0.001, respectively). There were no 
associations with other variables including history of asthma and allergic dermatitis.

Discussion

Previous studies on the risk factors for TS mainly focused on genetic [16] and environmental 
factors such as low birth weight [17] and maternal smoking or drug use during pregnancy [18]. 

Table 1: Baseline characteristics.

Variable PTD group (n = 70) Control group (n = 70) P

Age (years), mean ± SD 6.8 ± 2.2 6.9 ± 2.3 0.875

Gender, n (%)   0.591

 Male 54 (77.1) 50 (71.4)  

 Female 16 (22.9) 20 (28.6)  

TFBUT (s), mean ± SD 6.5 ± 1.4 9.6 ± 1.6 < 0.001

IOP (mmHg) 17.3 ± 2.9 16.8 ± 3.1 0.576

Allergic conjunctivitis, n (%) 52(74.3) 12 (17.1) < 0.001

Dry eye, n (%) 55 (78.6) 20 (28.6) < 0.001

Positive SPTs, n (%) 56 (80.0) 14 (20.0) < 0.001

History of allergic rhinitis, n (%) 34 (48.6) 8 (11.4) 0.001

History of asthma, n (%) 12 (17.1) 2 (2.9) 0.046

History of allergic dermatitis, n (%) 4 (5.7) 8 (11.4) 0.393

PTD provisional tic disorder, TFBUT tear film break-up time, IOP intraocular pressure, SPT skin prick test
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Table 2: Prevalence of the commonest allergens and their proportional frequencies in the two 
groups.

Allergensa, n (%) Positive SPTs in the case group 
(n = 70)

Positive SPTs in the control group 
(n = 70)

P

+ ++ +++ ++++ Total + ++ +++ ++++ Total

Dermatophagoides 
pteronyssinus

4 28 4 4 40 (57.1) 2 4 0 0 6 (8.6) < 0.001

Dermatophagoides 
farina

2 24 12 0 38 (54.3) 0 6 0 0 6 (8.6) < 0.001

Cotton fiber 2 2 0 0 4 (5.7) 0 0 0 0 0 0.357

Dog hairs 6 2 0 0 8 (11.4) 2 2 0 0 4 (5.7) 0.588

Cat hairs 0 2 2 0 4 (5.7) 0 0 0 0 0 0.357

Cockroach 2 4 4 0 10 (14.3) 0 0 0 0 0 0.146

Cigarettes 2 0 0 0 2 (2.9) 0 0 2 0 2 (2.9) 0.368

Corn pollen 0 2 4 0 6 (8.6) 0 0 0 0 0 0.209

Milk 0 0 0 0 0 2 0 0 0 2 (2.9) 0.416

Sea crab 0 2 2 0 4 (5.7) 0 0 0 0 0 0.357

SPT skin prick test
aThe other thirteen aeroallergens were negative

Table 3: Risk factors for PTD in children.

Variable Multivariate logistic regression

P Odds ratio (95% CI)

Dry eye (yes/no) < 0.001 23.27 (5.84–92.68)

Allergic conjunctivitis (yes/no) < 0.001 13.96 (4.37–44.57)

Positive SPTs (yes/no) < 0.001 16.00 (4.96–51.62)

History of allergic rhinitis (yes/no) 0.002 7.32 (2.13–25.15)

History of asthma (yes/no) 0.079 7.03 (0.80–61.87)

History of allergic dermatitis (yes/no) 0.402 0.47 (0.08–2.75)

PTD provisional tic disorder, SPT skin prick test

Frequent blinking and eye rolling are common reasons for referral to pediatric ophthalmolo-
gists and pediatric neurologists. Frequent blinking is one of the most common and important 
symptoms of AC in children [8], but also one of the features of PTD [2], which is commonly 
seen during TS onset [3, 4]. In the present study, the frequencies of AC and dry eye in the PTD 
group were higher than in the control group. In one of our previous studies, the frequency of dry 
eyes was higher in children with AC than in healthy children [8]. In PTD, tics are preceded by an 
unpleasant “premonitory urge” characterized by the feeling that a tic is about to occur [19]. This 
unpleasant “premonitory urge” may be the feeling of dryness, foreign body sensation, itching, 
burning sensation, eyelid heaviness, and ocular fatigue from dry eyes induced by AC.
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The results showed that AC was less prevalent than dry eye in the PTD group. In children 
with PTD, the ocular tics always include abnormal and frequent blinking and wrinkling. An 
incomplete blink leads to inadequate lipid distribution (thin lipid layer) as well as consequent 
exposure of the inferior ocular surface, which may increase evaporation [20]. The blink rate has a 
large influence on the tear film [21]. Incomplete blinking induced by ocular tics in children with 
PTD leads to instability of the tear film and dry eye, and in turn, the dry eyes trigger the unpleas-
ant “premonitory urge” of PTD.

It was hypothesized that AC and dry eyes could be involved simultaneously in childhood 
PTD. The results showed that AC, dry eyes, and history of allergic rhinitis were strongly associated 
with PTD. This suggests that AC and dry eyes are both contributing to PTD in children. Ocular 
surface and tear film abnormalities, even minor, can normally increase blinking [22]. The corneal 
reflex has trigeminal afferents (nasociliary and supraorbital) and somatic efferent fibers from the 
facial nerve [21]. The facial nerve innervates orbicularis, resulting in eyelid closure and blinking 
[23]. In a previous study, the frequency of dry eyes assessed by TFBUT was up to 97.5% in young 
children with AC [8]. In addition, a form of dry eyes associated with AC has been found to be 
characterized solely by decreased TFBUT, without symptoms [9]. Dry eye associated with AC may 
play a direct role in PTD.

Dry eyes and ocular allergy are interrelated conditions that share clinical and biochemi-
cal factors [24]. The present study also found that  Dermatophagoides pteronyssinus and 
Dermatophagoides farinae were the most frequent allergens in the PTD group, but that sensitiza-
tion to food allergens was not common. Li et al. also showed that house dust mites are an important 
cause of perennial AR and AC, in which house dust mite sensitization due to Dermatophagoides 
pteronyssinus, Dermatophagoides farinae, and Blomia tropicalis was prevalent [25]. Those aller-
gens can trigger AC without seasonal specificity or difference. Nevertheless, symptoms of AC 
can relieve or disappear when the allergens disappear. In the pediatric age, AC occurs frequently, 
with a peak age in late childhood and young adulthood [13]. PTD is usually mild and will likely 
go away over a few months [26], and not all children with PTD progress to TS [27]. On the other 
hand, the results of the present study were different from those of Bruun et al. [28], who reported 
that symptom exacerbation of TS is often associated with seasonal allergic responses or ingestion 
of food allergens. Different populations and environment may be responsible for this discrepancy. 
In southwest China, air pollution is more serious than in developed country. Outdoor air pollu-
tion is a major risk factor for conjunctivitis, and the key contributors are fuel combustion and 
dust storms [29]. In addition, the climate is humid in southwest China, which provides favorable 
conditions for the growth of dust mites. These would explain why Dermatophagoides pteronyssinus 
and Dermatophagoides farinae were the most frequent allergens in the present study.

In addition, history of allergic rhinitis was higher in the PTD group than in the control group, 
and history of allergic rhinitis was associated with an increased risk of PTD. Previous studies 
showed that allergic rhinitis was associated with AC [13]. Cell mediators, cytokines, chemokines, 
chemotactic factors, and other factors released during allergic reactions can reach the nasal 
mucosa or conjunctiva through the nasolacrimal duct and lacrimal system or indirectly by their 
transport through the blood stream and could cause AC [30]. AR is characterized by sneezing, 
rhinorrhea, nasal congestion, and nasal pruritus, which are often accompanied by ocular pruritus, 
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redness, and/or lacrimation in 60–70% of patients [31]. Facial tics in children with PTD may be 
associated with nasal itching and other abnormal feelings in AR. More data are needed to support 
this hypothesis.

The present study has several limitations. First, the patients were recruited from southwest 
China, which may lead to a selection bias. Because the frequency of AC in children varies geo-
graphically, studies are needed on whether AC plays an important role in PTD in children in 
other areas of the world. Second, we did not evaluate the effects of anti-allergy treatments and dry 
eye treatments in the PTD patients. The results of the current study only showed an association 
between AC and PTD, but could not determine the cause-to-effect relationship between dry eyes 
and PTD. In addition, the sample size was small and was from a single center. More patients from 
more hospitals would increase the statistical validity of the results. Finally, the present study did 
not examine inflammation and immunological markers of allergic reactions.

Conclusion

PTD is probably a different disease than other diseases characterized by chronic tic disorders such 
as TS [32]. The present study highlights that the frequencies of AC are high in the PTD popula-
tion. AC may be associated with PTD in children. Proper diagnosis and treatment of PTD involve 
appropriate evaluation and recognition, not only of tics, but also of other associated conditions 
such as AC. Therefore, ophthalmologists could play an important role in the management of the 
disease.
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Abstract

Background: The aim of this study is to evaluate the clinical and immunological efficacy and 
safety of allergen immunotherapy (AIT) in patients with allergic conjunctivitis (AC) and to 
compare between sublingual and subcutaneous routes of administration.
Methods: A prospective comparative case series study was performed on 100 patients with IgE-
mediated AC. Patients were referred to allergy clinics for skin prick test (SPT) and AIT. Patients 
with positive SPT and high-serum IgE level were enrolled in this study. Patients were divided into 
two groups: sublingual immunotherapy (SLIT) group (50 patients) and subcutaneous immuno-
therapy (SCIT) group (50 patients). Both groups were followed for 1 year. Efficacy was assessed 
clinically by comparing pre- and post-treatment symptoms and medication scores and assessed 
immunologically by comparing pre- and post-treatment serum IgE level and wheal diameter of 
SPT. Safety of the therapy was assessed by the occurrence of adverse reactions and patient toler-
ability to the therapy.
Results: Patients were either mono- or polysensitized to different allergens. Aeroallergens were 
significantly more common than food allergens (P = 0.00). The most prevalent aeroallergens were 
pollens (40%) and house dust (30%). At 12-month follow-up, both routes SLIT and SCIT led to 
a statistically significant clinical and immunological improvement (P < 0.05). This improvement 
was evident in all follow-up parameters including total ocular symptom score (TOSS), medication 
score, total serum IgE level, and wheal diameter of skin prick test (SPT). There was no significant 
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difference between the two routes of administration (SLIT & SCIT) in any of the follow-up param-
eters (P > 0.05). Patients were able to tolerate the allergen therapy without developing any serious 
adverse events.
Conclusion: Aeroallergen polysensitization is common among patients with AC. SPT should be 
included in the diagnostic workup of those patients. AIT is a safe and effective treatment option for 
patients with AC as it has the potential to achieve significant reduction in symptom and medica-
tion scores without ocular or systemic side effects. There is no significant difference between both 
routes of administration either SLIT or SCIT in achieving clinical and immunologic improve-
ment; so the patient can choose his preferred method for therapy.

Keywords: Allergic conjunctivitis, Skin prick test, Subcutaneous immunotherapy, Sublingual 
immunotherapy

Introduction

Allergic conjunctivitis is a hypersensitivity reaction affecting the ocular surface being predomi-
nantly an IgE-mediated hypersensitivity immunological reaction to environmental allergens [1]. 
Allergic conjunctivitis is further subclassified into perennial AC, seasonal AC, and the more severe 
forms of AC, including vernal keratoconjunctivitis (VKC) and atopic keratoconjunctivitis (AKC).

The term AC is an inclusive term that involves different clinical types based on the assump-
tion that the classical type I hypersensitivity mechanism is responsible for all clinical forms of 
allergic eye disease. However, IgE- and non-IgE-mediated mechanisms are included in the devel-
opment of ocular allergy [2]. The diagnosis of AC is mainly clinical and depends on a case history. 
Treatment options include various topical agents as mast cell stabilizers, antihistamines, and 
topical steroids. Frequent long-term use of local steroids may lead to many complications such as 
glaucoma and cataract [3]. It would therefore appear necessary to attempt an alternative therapy 
in cases where frequent steroid use is becoming a matter of concern.

Evaluation by SPT is usually overlooked in patients with AC [4]. It is a reliable method to 
diagnose IgE-mediated allergy and identifying the causative allergens [5]. Specific allergen immu-
notherapy (SIT) with increasing doses of the causative allergen is the only treatment modality 
with the capacity of changing the natural course of allergy [6] and could induce clinical and 
immunologic tolerance [7] by pushing the body to develop a normal immune response to the 
allergen, rather than the intense reaction that it develops with exposure to this allergen, which 
includes burning sensation, redness, severe itching, and watery eyes [8].

Allergen immunotherapy has been indicated as a treatment option for several allergic condi-
tions including allergic rhinitis or allergic asthma [9]. Immunotherapy for allergic rhinitis (AR) 
has been shown to have disease-modifying effects and result in long-term remission of allergic 
symptoms with reduction of the risk of progression from rhinitis to asthma, as well as the chances 
of developing new sensitizations to allergens [7].

Regarding AIT in AC, studies are very limited and unsatisfactory either due to studying one 
type of ocular allergy, evaluation of one type of allergen, insufficient follow-up parameters, or 
small sample size.
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To the best of our knowledge, no previous studies have evaluated both the clinical and immu-
nological efficacy and safety of AIT in patients with IgE-mediated AC using multiple allergen 
preparations therapy in a prospective design, nor compared the 2 main routes of administration 
SLIT vs. SCIT.

The aim of this study is to try to overcome the limitations of the previous studies, evaluate the 
efficacy and safety of AIT in AC, and to compare between SLIT and SCIT.

Main outcomes are (1) clinical improvement in the form of improvement of total ocular 
symptoms score (TOSS) and medication score, (2) immunological improvement in the form of 
regression of skin reactivity in SPT and reduction of total serum IgE level, and (3) safety assess-
ment in the form of occurrence of adverse reactions.

Patients and Methods

Study Design

The study is a prospective comparative case series study. It was conducted in both Ophthalmology 
department and allergy unit in respiratory medicine department, Sohag University from October 
2017 and October 2018. The study was approved by the Local Ethical Committee of Sohag 
University and was conducted in accordance with the Declaration of Helsinki.

Patient Selection

Patients diagnosed with AC who are resistant to steroid sparing agents or those who are unsat-
isfied with using eye drops for long time were referred to allergy unit in respiratory medicine 
department, Sohag University for SPT and estimation of total serum IgE level to confirm type 1 
hypersensitivity then AI was started after written informed consent.

Exclusion Criteria

Patients younger than 6 years old and patients with other possible causes of elevated serum IgE 
level as parasitic infestations were screened and excluded. Patients with history of anaphylaxis 
have negative SPT or low IgE level. Patients who did not complete 1-year follow-up were also 
excluded.

The study was conducted on 100 patients (who met the inclusion criteria). Patients were 
divided into two groups: SLIT group included 50 patients treated by SLIT and SCIT group 
included 50 patients treated by SCIT. Both groups were followed for 1 year. Efficacy was assessed 
clinically by comparing pre- and post-treatment symptom and medication scores, and assessed 
immunologically by comparing pre- and post-treatment wheal diameter of skin prick test and 
total serum IgE level. Safety of the therapy was assessed by the occurrence of adverse reactions 
and patient tolerability.
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Skin Prick Testing

The panel for skin testing was composed of 30 different common allergen extracts for both 
inhaled and ingested allergens (Table 2) together with histamine and saline as positive and nega-
tive controls respectively. A drop of solution of each allergen was placed on the flexor surface of 
the forearm, and a midpoint was used to prick the skin. A drop of saline 0.9% and a drop of hista-
mine phosphate were used as a negative control and positive control respectively. A lancet (Dome-
Hollister-Stier) was used to prick the skin at a 90° angle through a drop of test solution on the skin 
[10]. SPT was evaluated at 20 min. A wheal diameter ≥ 3 mm more than the negative control was 
considered to be positive [11]. Reaction to 30 allergens was tested before start and after 1 year of 
the course of the SIT. Patients had to stop steroids and antihistamines 48 h before the test.

Serum Total IgE Level

Enzyme-linked immunosorbent assay (ELISA) was used for the quantitative determination of 
IgE concentration in human serum. The total IgE level in a normal, allergy-free adult is less than 
100 IU/ml of serum.

Allergen Preparation and Treatment Schedule

Extracts were prepared as glycerinated solution, using the wt/vol method [12]. Patients were pre-
scribed oral antihistamines 2 h before each dose to reduce the frequency of any systemic reactions 
[13]. The dosing regimens and allergen equivalence for the SCIT and SLIT groups were as previ-
ously reported [14].

Briefly, SLIT was self-administered at home and taken on an empty stomach as sublingual 
drops kept under the tongue for 2 min then swallowed. Patients were prohibited to drink or eat 
any foods for 5  min after swallowing the drops. SCIT was administered in the clinic and the 
patients were observed for at least 30 min after each injection for possible adverse effects.

Post-treatment Follow-up Parameters

Assessment of Clinical Efficacy

Total ocular symptom score The Total Ocular Symptom Score (TOSS) is a questionnaire used 
by allergists to assess eye symptoms in patients with allergic conjuncitvitis [15]. It assesses the fre-
quency of symptoms commonly associated with allergic conjunctivitis: itching, redness, tearing, 
and swelling by the following steps:
1. Add up scores for each symptom
 All of the time = 4, most of the time = 3, half of the time = 2, some of the time = 1, none of the 

time = 0
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2. Divide by maximum score
 All 4 questions (one question for each symptom answered divide by 16, 3 questions answered 

divide by 12, 2 questions answered divide by 8, 1 question answered divide by 4)
3. Multiply by 100
 Score example:
 Itchy = 4, red = 3, tearing = N/A, swelling = 2, total: 9 “3 questions answered divide by 12” 

9/12 × 100 = 75.0

Medication score Medication usage was scored on a 4-point scale. Scores are assigned to the dif-
ferent medications as follows: 0 = no medication taken; 1 = patient took antihistamines; 2 = patient 
took topical corticosteroids; and 3 = patient took oral corticosteroids. Patients were considered 
improved if the total score decreased by one or more points [16].

Assessment of Immunological Efficacy

Immunological efficacy is assessed by changes in wheal diameter of skin reactivity and in total IgE 
antibody levels before and after treatment.

Safety assessment The safety analysis was based on the reported symptoms and adverse events by 
patients and doctors and their global assessment of tolerability at the end of the study.

Statistical Analysis

All statistical analyses were performed using SPSS ver. 20. The values are presented as mean 
± standard deviation. Student’s  t  test was used to analyze differences between the 2 groups. 
Paired t  test was used to compare pre- and post-treatment means. Z test was used to compare 
between 2 proportions. Pearson or Spearman method was used to test correlation. The level of 
significance was (P < 0.05).

Results

Clinical Characteristics

One hundred patients with IgE-mediated AC were enrolled in this study. Only 93 patients have 
completed their estimated follow-up period (12  ms). Allergic conjunctivitis was diagnosed by 
symptoms and signs of ocular allergy and proven by skin prick test and a serum IgE level. Mean 
age of the study population was 23.35 ± 13.06 (range 6–55 years). Baseline mean TOSS and medi-
cation score were 87.545 ± 12.55 and 2.27 ± 0.44 respectively. Baseline mean serum total IgE level 
and wheal diameter of skin prick test were 387.99 ± 389.65 and 8.64 mm ± 3.02 respectively.

There was no statistically significant difference between SLIT and SCIT groups in either age 
(22.8 ± 15.16 vs. 23.9 ± 10.70; P = 0.67) or sex (26/24 vs. 22/28; P = 0.42) (Table 1).
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Table 1: Demographics and baseline characteristics of the 2 study groups.

Characteristic SLIT group (n = 50) SCIT group (n = 50) P value

Age (year) 22.8 ± 15.16 23.9 ± 10.70 0.67

Sex (male/female) 26/24 22/28 0.42

TOSS 87.99 ± 13.27 87.1 ± 11.89 0.72

Medication score 2.340 ± 0.47 2.2 ± 0.40 0.11

Total IgE (mean, kU/L) 403.96 ± 421.55 372.02 ± 358.52 0.68

Mean wheal diameter (mm) of SPT 8.94 ± 3.13 8.34 ± 2.91 0.32

Type of sensitization

Monosensitization 8% 12% 0.51

Polysensitization 92% 88% 0.51

SLIT sublingual immunotherapy, SCIT subcutaneous immunotherapy, SPT skin prick test, TOSS total ocular symptoms score

There was no significant difference between both groups in either baseline mean TOSS 
(87.99 ± 13.27 vs. 87.1 ± 11.89; P = 0.72), medication score (2.340 ± .47 vs. 2.2 ± .40; P = 0.11), serum 
IgE level (403.96 ± 421.54 vs. 372.02 ± 358.52; P = 0.68), or mean wheal diameter of skin prick test 
(8.94 ± 3.13 vs. 8.34 ± 2.9; P = 0.32) for SLIT and SCIT groups respectively) (Table 1, Figs. 1 and 2).

Prevalence of the Commonest Allergens in Patients with Allergic Conjunctivitis

The most common aeroallergens were “Pollens” 40%, followed by “House Dust” 30%, “House 
Dust Mite” 28%, “Hay dust (HD)” 24%, followed by cockroach, feather, and mixed molds. Food 
allergy was positive only in 10%. The most prevalent food allergens were cow’s milk, fish, eggs, 
and wheat flour (Table 2). Among different age groups, the most common allergens were (pollens, 
house dust, feather, and cockroach) for patients aged 6–12 years and (pollens, mites, house dust, 
and hay dust) for patients > 12 years.

Fig. 1: IgE level and TOSS before and 
after immunotherapy in both groups. 
SLIT, sublingual immunotherapy; 
SCIT, subcutaneous immunotherapy; 
TOSS, total ocular symptoms score; ttt, 
treatment.

Prevalence of the commonest allergens in patients
with allergic conjunctivitis

The most common aeroallergens were “Pollens” 40%,
followed by “House Dust” 30%, “House Dust Mite”
28%, “Hay dust (HD)” 24%, followed by cockroach,
feather, and mixed molds. Food allergy was positive only
in 10%. The most prevalent food allergens were cow’s
milk, fish, eggs, and wheat flour (Table 2). Among differ-
ent age groups, the most common allergens were (pollens,
house dust, feather, and cockroach) for patients aged 6–
12 years and (pollens, mites, house dust, and hay dust) for
patients > 12 years.

Regarding type of sensitization of SPT, in SLIT group,
4 patients (8%) were monosensitized (2 patients were sen-
sitive for pollens, 1 for house dust mites, 1 for pigeon
feather) and 46 patients (92%) were polysensitized. For
SCIT group, 6 patients (12%) were monosensitized (4 pa-
tients for pollens, 1 for hay dust, 1 for house dust mites)
and 44 (88%) patients were polysensitized (Table 1).

Post-immunotherapy follow-up parameters: (Figs. 1
and 2)

Clinical parameters: TOSS and medication score

Seven patients did not complete their follow-up period of
12 months (4 patients of SCIT group and 3 patients of SCIT
group.

For the whole study population (93 patients), mean post-IT
TOSS was 20.41 ± 15.73, mean medication score was 0.26 ±
0.56. A significant reduction of TOSS and medication score
were observed in all patients 1 year following immunotherapy
when compared to baseline P = 0.00 (Table 3).

For SLIT group, mean post-treatment TOSS and mean
medication score were 22.64 ± 20.58 and 0.34 ± 0.62 respec-
tively. A significant reduction of both scores were observed
following SL immunotherapy when compared to baseline P =
0.00 (Table 4).

Similarly, in SCIT group, mean post-treatment TOSS and
mean medication score were 18.17 ± 8.11 and 0.18 ± .48

Fig. 1 IgE level and TOSS before and after immunotherapy in both
groups. SLIT, sublingual immunotherapy; SCIT, subcutaneous
immunotherapy; TOSS, total ocular symptoms score; ttt, treatment

Fig. 2 Medication score and mean wheal diameter of SPT before and
after immunotherapy in both groups. SLIT, sublingual immunotherapy;
SCIT, subcutaneous immunotherapy; SPT, skin prick test; ttt, treatment

Table 1 Demographics and
baseline characteristics of the 2
study groups

Characteristic SLIT group (n = 50) SCIT group (n = 50) P value

Age (year) 22.8 ± 15.16 23.9 ± 10.70 0.67

Sex (male/female) 26/24 22/28 0.42

TOSS 87.99 ± 13.27 87.1 ± 11.89 0.72

Medication score 2.340 ± 0.47 2.2 ± 0.40 0.11

Total IgE (mean, kU/L) 403.96 ± 421.55 372.02 ± 358.52 0.68

Mean wheal diameter (mm) of SPT 8.94 ± 3.13 8.34 ± 2.91 0.32

Type of sensitization

Monosensitization 8% 12% 0.51

Polysensitization 92% 88% 0.51

SLIT sublingual immunotherapy, SCIT subcutaneous immunotherapy, SPT skin prick test, TOSS total ocular
symptoms score

1992 Graefes Arch Clin Exp Ophthalmol (2019) 257:1989–1996
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Fig. 2: Medication score and mean 
wheal diameter of SPT before and 
after immunotherapy in both groups. 
SLIT, sublingual immunotherapy; SCIT, 
subcutaneous immunotherapy; SPT, 
skin prick test; ttt, treatment.
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For SLIT group, mean post-treatment TOSS and mean
medication score were 22.64 ± 20.58 and 0.34 ± 0.62 respec-
tively. A significant reduction of both scores were observed
following SL immunotherapy when compared to baseline P =
0.00 (Table 4).
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Regarding type of sensitization of SPT, in SLIT group, 4 patients (8%) were monosensitized 
(2 patients were sensitive for pollens, 1 for house dust mites, 1 for pigeon feather) and 46 patients 
(92%) were polysensitized. For SCIT group, 6 patients (12%) were monosensitized (4 patients for 
pollens, 1 for hay dust, 1 for house dust mites) and 44 (88%) patients were polysensitized (Table 1).

Post-immunotherapy Follow-up Parameters: (Figs. 1 and 2)

Clinical Parameters: TOSS and Medication Score

Seven patients did not complete their follow-up period of 12 months (4 patients of SCIT group 
and 3 patients of SCIT group.

For the whole study population (93 patients), mean post-IT TOSS was 20.41 ± 15.73, mean 
medication score was 0.26 ± 0.56. A significant reduction of TOSS and medication score were 
observed in all patients 1  year following immunotherapy when compared to baseline  P = 0.00 
(Table 3).

For SLIT group, mean post-treatment TOSS and mean medication score were 22.64 ± 20.58 
and 0.34 ± 0.62 respectively. A significant reduction of both scores were observed following SL 
immunotherapy when compared to baseline P = 0.00 (Table 4).

Similarly, in SCIT group, mean post-treatment TOSS and mean medication score were 
18.17 ± 8.11 and 0.18 ± .48 respectively. A significant reduction of both scores were observed fol-
lowing SC immunotherapy when compared to baseline P = 0.00 (Table 4)

There was no significant difference between both groups in the post-immunotherapy TOSS 
(26.22 ± 21.28 vs. 22.58 ± 21.47; P = 0.58) or medication score (0.57 ± 0.59 vs. 0.59 ± 0.59; P = 0.885) 
for SLIT and SCIT groups respectively.

Immunological Parameters (Mean IgE and Mean Wheal Diameter of SPT)

With respect to total IgE, all patients had a high baseline total IgE level (> 100 IU/ml). It ranged 
from 102 to 2200 IU/ml with mean of 387.99 ± 389.65 IU/ml.
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Table 2: Prevalence of allergen sensitivity in the whole study population.

Prevalence %

Aeroallergens

 Mixed pollens 40

 House dust 30

 Mites 28

 Hay dust 24

 Cockroach 18

 Feather 18

 Mixed molds 18

 Aspergillus fumigates 8

 Pigeon 8

 Tobacco 8

 Straw 6

 Wool 4

 Candida albicans 4

 Cotton dust 4

 Latex 4

 Aspirin 3

 Cat hair 2

 Dog hair 2

 Horse hair 1

 Honey bee venom 1

Food allergens

 Milk 4

 Fish 3

 Egg 3

 Wheat flour 2

 Cocoa 1

 Peanut 1

 Soya bean 1

 Strawberry 1

 Solanaceae 1

 Banana 1
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For the whole study population; mean post-IT IgE level and wheal diameter of SPT were 
100.12 ± 74.71 and 2.64 ± 1.23 respectively. A significant reduction of total serum IgE level and 
wheal diameter of SPT were observed in all patients following immunotherapy when compared 
to baseline P = 0.00 (Table 3).

For SLIT group, mean post-treatment IgE level and wheal diameter of SPT were 110.78 ± 80.28 
and 2.82 ± 1.28 respectively. A significant reduction was observed following SL immunotherapy 
when compared to baseline P = 0.00 (Table 4).

Similarly, in SCIT group mean post-treatment IgE level and wheal diameter of SPT were 
89.46 ± 67.82 and 2.46 ± 1.16 respectively. A significant reduction was observed following SL 
immunotherapy when compared to baseline P = 0.00 (Table 4).

There was no significant difference between both groups in either post-immunother-
apy IgE (110.78 ± 80.28 vs. 89.46 ± 67.82;  P = 0.15) or wheal diameter of SPT (2.82 ± 1.28 vs. 
2.46 ± 1.16; P = 0.14) for SLIT and SCIT groups respectively.

There were no detectable new sensitizations with SPT 1 year after immunotherapy in either 
group (Table 5).

Table 3: Comparison of the follow-up parameters in the whole study population before and 
after immunotherapy.

Pre-ttt Post-ttt P value

TOSS 87.545 ± 12.55 20.41 ± 15.73 0.00

Medication score 2.27 ± 0.44 0.26 ± .56 0.00

IgE (kU/L) 387.99 ± 389.65 100.12 ± 74.71 0.00

Mean wheal diameter (mm) of SPT 8.64 ± 3.02 2.64 ± 1.23 0.00

SPT skin prick test, TOSS total ocular symptoms score, ttt treatment

Table 4: Comparison of the follow-up parameters before and after immunotherapy in both 
groups.

Pre-ttt Post-ttt P value

TOSS
SLIT 87.99 ± 13.27 22.64 ± 20.58 0.00

SCIT 87.1 ± 11.89 18.17 ± 8.11 0.00

Medication score SLIT 2.340 ± .47 0.34 ± 0.62 0.00

SCIT 2.2 ± .40 0.18 ± 0.48 0.00

IgE (kU/L) SLIT 403.96 ± 421.55 110.78 ± 80.28 0.00

SCIT 372.02 ± 358.52 89.46 ± 67.82 0.00

Mean wheal diameter (mm) of SPT SLIT 8.94 ± 3.13 2.82 ± 1.28 0.00

SCIT 8.34 ± 2.91 2.46 ± 1.16 0.00

SLIT sublingual immunotherapy, SCIT subcutaneous immunotherapy, SPT skin prick test, TOSS total ocular symptoms score, 
ttt treatment
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Safety Assessment

Treatment with Specific Allergen IT was well tolerated in both study groups along the 1-year follow 
up. The most frequent adverse reactions were local redness and edema at the injection site (SLIT), 
oral pruritus (in SLIT), and fatigue. These occurred during the build-up phase which required 
dose reduction but did not require discontinuation. Most of the reactions were mild, completely 
recovered within few weeks without any reported complications. No systemic or severe adverse 
reaction was reported. The results of safety assessment are summarized in Table 6.

Clinical improvement (1-year success) was 93.6% achieved in all but 6 patients (6/93 = 6.4%).

Discussion

Characterization of allergens in patients with AC in each area is necessary and has an important 
role in the diagnosis and management of allergic disorders with possibility of performing immu-
notherapy. SPT is an important tool in identifying allergens that can cause allergic diseases. Our 
study was designed to highlight aeroallergen and food sensitization in patients with IgE-mediated 
AC, to evaluate the clinical and immunological efficacy and safety of allergen immunotherapy and 

Table 5: Comparison of post-immunotherapy follow-up parameters in both groups.

SLIT SCIT P value

Post-IgE 110.78 ± 80.28 89.46 ± 67.82 0.15

Post-TOSS 22.64 ± 20.58 18.17 ± 8.11 0.15

Post-medication score .34 ± .62 .18 ± .48 0.15

Post-wheal diameter of SPT 2.82 ± 1.28 2.46 ± 1.16 0.14

SLIT sublingual immunotherapy, SCIT subcutaneous immunotherapy, SPT skin prick test, TOSS total ocular symptoms 
score, ttt treatment

Table 6: Safety assessment (treatment-emergent adverse events reported).

Adverse events (%)

Local irritation 48

Oral pruritus 12

Ear pruritus 10

Throat irritation 5

Eye pruritus 4

Skin pruritus 3

Chest tightness 3

Headache 3

Fatigue 1
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also to compare between sublingual and subcutaneous routes of administration. Allergens tested 
in the study were selected according to our geographic features.

In the study, mixed pollens were the highest percentage of aeroallergen sensitization (40%) 
followed by house dust (30%), mites (28%), and hay dust (24%). These results are in agreement 
with a Greece study which demonstrated higher values of sensitization to pollen and household 
dust, but lower to animals [17]. The results were also in agreement with Navarro et al. study in 
Spain in which of 65% allergic rhinitis (AR) patients who had also conjunctivitis, pollen was the 
most frequent allergen (51%) followed by dust mites (42%) [18]. A recent Egyptian study showed 
that 65% of patients with VKC were sensitive to pollens and 55% to house dust [8]. By compar-
ing these results, we can conclude that pollens and house dust are the areoallergens that have the 
upper hand in triggering ocular allergy regardless the geographic area.

On the other hand, the role of food allergens in triggering AC has not been studied before. 
Our study revealed positive food allergy in only 10% of the study population that suggests a 
minimal role that food allergens represent in contrast to the most common areoallergens. The 
most prevalent food allergens were cow’s milk, fish, eggs, and wheat flour. Cases of AR triggered 
by food were also reported to be uncommon [19]. Allergic conjunctivitis and AR have a close epi-
demiologic relationship. Both conditions also exhibit similar pathophysiologic mechanisms [20].

Most of our study population (90%) were polysensitized to two or more allergens, only 10% 
were monosensitized. Type of sensitization either mono- or polysensitization in AC has not been 
studied before. Polysensitization was reported to be common in patients with AR. However, 
there are patients who remain monosensitized [21]. Factors that lead to multi-allergen sensitiza-
tion include environmental factors, genetics, and cross-sensitization between botanically closed 
species sharing common allergenic epitopes [22]. Ciprandi et  al. estimated that percentage of 
polysensitized patients may widely range from 20 to 90% [23]. Fasce cited that polysensitization 
was a secondary phenomenon that always followed monosensitization [24]. Our study reported 
that polysensitization is significantly much more common in AC than monosensitization.

The study included patients with IgE-mediated AC only, this was due to a number of reasons: 
first AC is predominantly type 1 herpersensitivity although non-IgE mechanism is also involved, 
the second is allergen IT is based on detection of the causative allergen and desensitization, 
the third reason is to obtain quantitative parameters for accurate follow up of immunological 
improvement in the form of serum IgE level and wheal diameter of skin prick test.

Several studies reported that the clinical and immunological efficacy of allergen IT reached a 
statistical significance after the first year of immunotherapy [14, 25]. Therefore, we followed our 
study population for 1 year. One-year follow-up is also sufficient for the patient to notice improve-
ment of symptoms in the same season of the year in which exacerbation had previously occurred 
so the patient could feel the difference before and after IT especially for seasonal AC.

To our knowledge, no prospective studies have been done on the effect of AIT on patients 
with IgE-mediated AC nor have compared the clinical and immunological efficacy and safety 
between SLIT and SCIT. We compared efficacy of these two treatment modes on clinical and 
immunologic parameters. Previous studies reported significant improvement in both symptoms 
and sign scores with AIT for treating patients with AR and asthma [26–28]. Few studies have 
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evaluated AIT in AC and they have either studied the identification of the causative allergens 
[29]. one type of AC [8, 25], or AC caused by one type of allergen [25]. Our results reported a 
significant clinical and immunological improvement in patients with IgE-mediated AC following 
AIT. Clinical improvement was previously reported with Mahdy et al. [8] and Prakash et al. [30] 
with AIT for resistant VKC with success rate ranged from (50–62%). This is in contrast our high 
success rate of 93.6%; this discrepancy may be because we included all types of AC as long as it is 
IgE-mediated in contrast to other studies which included resistant VKC only.

There are some factors affecting patient response to IT as good patient education (patient 
non-compliance of allergen is reported to be the main reason for poor treatment response) [31]. 
Some patients may also discontinue their dosing regimen once they notice improvement of symp-
toms; avoidance of food intake immediately after sublingual drops (for SLIT) is mandatory for 
successful therapy and also avoidance of exposure to the causative allergen during the course of 
IT, for example, we started immunotherapy for patients with pollen-induced AC in pollen free 
season so air loaded with pollen does not interfere with the allergen-dosing regimen received by 
the patient.

The decision to use one route of administration or the other is sometimes made by the 
patient, sometimes advised by the treating physician. Economical considerations, living far from 
the office, busy schedule, or “needle phobia” are examples of when a patient may chose SLIT. Being 
a very young patient and having severe skin or medical problems that may render administration 
of SCIT risky are examples of why the treating physician will advise SLIT [32]. The study reported 
no significant difference between both routes of administration of IT either sublingual or subcu-
taneous in inducing clinical or immunological improvement.

This is in agreement with previous studies [33, 34] comparing both routes of therapy. Diego 
Saporta [32] and Nelson [35] have studied both routes in managing patients with AR and asthma; 
they found no difference between them. Studies comparing routes of administration of immuno-
therapy in AC are limited. Ibrahim et al.’s [25] study involved comparison between SLIT and SCIT 
in the treatment of pollen-induced VKC in children; they found no significant difference between 
both routes.

Our study also showed that single-allergen preparations were clearly more effective than 
multi-allergen preparations in control of symptoms in both study groups. But since the monosen-
sitized patients were minimal (only 10% of the study population), comparative statistics with pol-
ysensitized patients could not be done due to extremely unmatched groups. Kim and colleagues 
compared multi-allergen SCIT in polysensitized patients with single-allergen SCIT in monosen-
sitized patients with allergic asthma. Mean post-allergen IT symptom scores were significantly 
(P < 0.05) lower than pre-allergen immunotherapy. However, the reduction was significantly less 
intense in the polysensitized group [36].

IT is tolerated for the vast majority of patients; most reactions were mild, recovered com-
pletely within few weeks without any reported complications. The most frequent adverse reaction 
was local reactions. No systemic or severe adverse reaction was reported.
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SLIT has several advantages over SCIT: noninvasiveness, self-administration, and less fre-
quent/severe adverse reactions suggesting that SLIT is a safe and effective treatment modality for 
patients AC.

In summary; the study reported that aeroallergen polysensitization is common among 
patients with AC. SPT should be included in the diagnostic workup of these patients. SPT and 
serum IgE level are very important in identification of IgE-mediated hypersensitivity, detection of 
the causative allergen and confirmation of the immunological response to therapy. AIT is a safe 
and effective in controlling symptoms and preventing both exacerbation and development of new 
sensitizations in patient with AC with no ocular or systemic side effects. It should be considered as 
an alternative or even a primary treatment for patients with AC to avoid serious ocular side effect 
of topical steroids, to patients with poor clinical response to medications, to reduce or avoid long-
term pharmacotherapy, and also to reduce the economic burden of medications. There is no sig-
nificant difference between both routes of administration either SLIT or SCIT in achieving clinical 
and immunologic improvement, so the patient can choose his preferred method for therapy.
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Abstract

Allergic eye disease is common, yet often overlooked in North America. In the U.S., up to 40% of 
the population is deemed to be affected and this number is growing. Symptoms and signs of ocular 
allergy can lead to decreased productivity and negatively impact quality of life (QoL). Various 
treatment options exist to achieve symptom control. For allergic conjunctivitis, ophthalmic agents 
include antihistamines, mast cell stabilizers, dual-activity agents, nonsteroidal anti-inflammatory 
drugs (NSAIDs), steroids and some off-label treatments. Immunotherapy is recommended as a 
therapeutic option. This review provides a summary of the forms of ocular allergies, with a focus 
on symptoms and signs, impact on QoL, physical examination, diagnosis and therapeutic options 
of allergic conjunctivitis. Through multidisciplinary collaborations, a simplified algorithm for the 
treatment of allergic conjunctivitis is proposed for Canadian clinical practice.

Keywords: Allergic conjunctivitis, Allergic eye disease, Ocular allergy, Allergic conjunctivitis 
diagnosis, Allergic conjunctivitis treatment algorithm, Interprofessional management

Background

Allergic eye disease is common, affecting approximately 40% of the North American popula-
tion and increasing in prevalence [1–3]. Most patients suffer from concomitant allergic rhinitis, 
although 6% have isolated ocular symptoms [2]. Up to 44% of children and 20% of adults with 
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asthma have symptoms suggestive of allergic conjunctivitis (AC) [4]. There are also established 
links between allergic rhinoconjunctivitis and other atopic conditions including asthma, eczema, 
food allergy and eosinophilic esophagitis (Fig. 1) [5, 6]. This highlights the importance of obtain-
ing a targeted ocular history during patient evaluation to appropriately assess ocular involvement.

Traditionally, less attention has been paid to this entity compared to other allergic diseases 
such as allergic rhinitis. Due to a lack of awareness from both patients and health care profession-
als, many continue to be underdiagnosed and undertreated [7]. Patients often self-medicate and/
or fail to seek help for their ocular symptoms, leading to poor symptom control and decreased 
quality of life and productivity [1, 8]. Diagnosis and treatment is essential to ensure symptom 
relief and to prevent complications that can arise from untreated disease.

This article provides an overview of AC, the most common form of allergic eye disease, by 
discussing the pathophysiology, epidemiology, characteristics of the disease, diagnosis, manage-
ment options and impact of quality of life. A simplified algorithm outlining treatment of AC is 
included to provide step-by-step guidance to health care professionals. This review also empha-
sizes the value of interprofessional collaboration to enhance patient care.

Eye Anatomy and Immunologic Function

The eye is intricate and each part plays a specific immunologic role (Fig. 2). The eyelids act as a 
barrier to insult, including to allergens. The lacrimal functional unit produces the tear film, which 
provides lubrication and protection [9]. Inflammatory conditions such as AC can alter the compo-
sition and volume of tear production [10]. The conjunctiva and cornea are the most external layer 
that come in contact with environmental allergens. The normal conjunctiva does not contain mast 
cells; they reside just below, in the superficial portion of the substantia propria, along with the 
other inflammatory cells [10]. In AC, there in an increase in conjunctival mast cells and eosino-
phils. The cornea is avascular and is seldomly involved in AC, although alterations of the corneal 
cells may lead to blurry vision and changes in visual acuity. The sclera sits below the conjunctiva. 

Fig. 1: Conjunctivitis: Schematic of allergic 
comorbidities [5, 6].
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Its major constituent is collagen and it is the primary ocular site involved in diseases affecting con-
nective tissues (e.g., rheumatic disorders) [11]. The uvea is highly vascular and produces aqueous 
humor. Inflammation of the uvea (uveitis) is predominantly associated with infectious and auto-
immune conditions. The retina and optic nerve relay the information from the surrounding world 
to the visual cortex and can be affected in systemic diseases such as vasculitides.

Pathophysiology

The ocular mucosa has a large surface area. It is therefore one of the most accessible sites allowing 
direct antigen deposition, leading to the initiation of the allergic cascade.

AC is the only ocular disease to involve solely a type I allergic reaction [13]. In sensitized 
individuals, Th2 cells release pro-inflammatory cytokines (IL-3, IL-4, IL-5, IL-13) that stimulate 
immunoglobulin E (IgE) production by the B cells [14]. The IgE become membrane-bound to 
mast cells and subsequent cross-linking by their respective allergens triggers mast cell degranula-
tion and release of preformed (histamine, tryptase) and newly formed mediators (leukotrienes, 
prostaglandins) [10, 14].

The early phase of the allergic cascade begins within seconds to minutes after exposure and 
clinically lasts 20–30 minutes [13]. During the early phase, mast cell release of mediators cause 
symptoms such as pruritus, tearing, redness, conjunctival injection, chemosis and a papillary 
reaction [15]. The late phase begins a few hours later and is characterized by epithelial infiltra-
tion of inflammatory cells like neutrophils, lymphocytes, basophils and eosinophils, which lead to 
continued inflammation, persistent symptoms and increased likelihood of tissue damage [13, 14]. 
As the reaction progresses, hypersecretion of tears increases drainage through the lacrimal ducts 
carrying allergens directly into the nasal passage [15].

Types of Allergic Conjunctivitis and Other Allergic Eye Diseases

AC is further categorized as seasonal and perennial, the former being more common (Fig. 3a–d) 
[10, 16]. The difference between the two conditions is simply the periodicity or chronicity of the 
symptoms, which is dictated by the type of allergen patients are sensitized to [7].
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Fig. 1 Conjunctivitis: Schematic of allergic comorbidities [5, 6]
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Seasonal symptoms are triggered by transitory allergens such as tree or grass pollens. 
Perennial symptoms are caused by indoor allergens such as house dust mites, animal dander, 
mold spores, cockroach or rodents [7]. The smaller allergens have the potential to cause more 
symptoms, as they can more easily become volatile. For example, cat, dog and rodent dander is 
smaller and tends to cause more eye symptoms than house dust mites or cockroach antigen, which 
cannot remain airborne for more than a few minutes after disturbance [17]. Many patients are 
polysensitized and experience perennial symptoms with seasonal exacerbations.

Perennial and seasonal AC are not only the most common but are also the mildest forms of 
ocular allergic disease. Atopic keratoconjunctivitis (AKC, Fig. 4a) and vernal keratoconjunctivitis 
(VKC, Fig. 4b) lead to epithelium remodeling and in rare cases vision loss [18, 19]. Giant papillary 
conjunctivitis (GPC) or more appropriately termed contact lens papillary conjunctivitis (CLPC), 
is traditionally included in the group of ocular allergic diseases, although it has been found to 
be the result of nonimmune tissue damage from repetitive micro-trauma, usually in contact lens 
wearers [20, 21]. Each condition is summarized in Table 1.

Characteristics of Allergic Conjunctivitis—Impact and Diagnosis

Importance of Appropriate Professional Care

Due to its non life-threatening nature, AC typically receives less attention than other chronic 
conditions with higher morbidity or higher mortality rate. Despite the prevalence of the disease, 
up to a third of patients with the disease continue to be underdiagnosed and undertreated [22].
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Fig. 3 Ocular signs of (a) chronic perennial allergic conjunctivitis (b–d) acute seasonal allergic conjunctivitis. Reproduced with permission [15]

Fig. 4 Ocular signs of (a) atopic keratoconjunctivitis and (b) vernal keratoconjunctivitis. Reproduced with permission [15]

Fig. 3: Ocular signs of (a) chronic perennial allergic conjunctivitis (b–d) acute seasonal allergic conjunctivitis. 
Reproduced with permission [15].
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Patients often self-medicate with purchased over-the-counter (OTC) medications and fail to 
seek help even when those therapies are ineffective [22, 23]. In one study, 56% of patients diag-
nosed with AC started with self-treatment measures as first action. Washing the eyes with water 
or saline were the most commonly chosen therapies [23]. Many OTC drugs have limited efficacy 
for AC (e.g., topical vasoconstrictors) and can lead to undesirable side effects (e.g., rebound vaso-
dilation from topical vasoconstrictors; mucosal dryness or drowsiness from oral antihistamines).

Furthermore, the use and overuse of OTC products can lead to adverse effects in various 
ocular issues. Concern exists over the preservatives found in OTC eye drops, which can increase 
ocular toxicity and exacerbate ocular surface symptoms. As an example, benzalkonium chloride, 
a common preservative found in 70% of OTC eye drops, is known to cause corneal epithelial cell 
damage in predisposed individuals or with prolonged exposure [24, 25].

Certain diagnostic considerations and treatments require specific care and follow-up by an 
optometrist or ophthalmologist. A detailed case history and direct physical examination of the 
eye and adnexa including evaluation by slit-lamp biomicroscopy are paramount in the evaluation 
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Table 1: Other ocular allergic subtypes and their main characteristics.

Ocular allergy 
subtype

Demographics and/or 
associations

Primary symptoms and signs

Atopic 
keratoconjunctivitis 
(AKC) [10, 15, 18]

Male predominance, 
30–50 years of age

Perennial, with potential 
exacerbation in the winter 
months

Association with atopic 
dermatitis of the eyelids

Severe ocular itching (ocular surface, eyelids)
Tearing, burning, photophobia, mucous discharge
Significant hyperemia and edema of the conjunctiva 

(chronic inflammation)
Corneal scarring, neovascularization
Trantas’ dots
Large cobblestone papillae on superior tarsus and/

or limbus (chronic inflammation)

Vernal 
keratoconjunctivitis 
(VKC) [10, 15, 18]

Male predominance, 3–25 years 
of age

Associated with atopy in 50%

Severe ocular itching
Photophobia, tearing mucous discharge
Trantas’ dots (limbal form)
Large cobblestone papillae on superior tarsus and/

or limbus (chronic inflammation)
Corneal ulcer (shield) may form in severe cases
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of moderate and severe AC, both to confirm the diagnosis and rule-out other ocular diseases 
that may require different treatment considerations. Ophthalmic steroid drops are effective for 
the treatment of AC, although prolonged therapy with steroids requires close supervision and 
frequent eye examinations by an optometrist or ophthalmologist due to increased risk of elevated 
intra-ocular pressure, development of cataract and central serous chorioretinopathy as well as 
other less likely concerns such as ptosis, mydriasis and eyelid skin thinning in the case of skin 
applications [26–28].

When maximal medical therapy insufficiently relieves the symptoms, other treatment con-
siderations such as immunotherapy (IT) by an allergist can be explored. In one study looking at 
patients diagnosed with AC by ophthalmologists, only 37% had received an allergy evaluation 
[23]. Referral to the eye care specialist or allergist is discussed below.

Symptoms and Signs

The most common feature of AC is pruritus, which can range from mild to severely debilitating 
[18]. Rarely, it may be described as painful. Other symptoms include tearing, redness, foreign 
body sensation, mucous discharge and eyelid swelling [11, 16]. Symptoms are typically bilateral 
and associated with rhinitis [16]. Blurred vision and photophobia can occur in severe cases [29]. 
Other symptoms including patchy redness and flaking of the eyelid skin and contact lens intoler-
ance are helpful.

The patient may not be symptomatic at the time of the visit, so probing about time of year 
when symptoms are most severe is important. Those symptoms are not specific to AC and could 
be the result of various nonallergic conditions, hence the importance of obtaining an accurate 
patient history.

Patients with allergic eye disease frequently suffer from other allergic comorbidities (Fig. 1). 
It is important to enquire about the symptoms and signs of other common allergic processes 
during patient evaluation to obtain a more complete picture of their illness.

A thorough history of current and previous medications used along with an evaluation of 
relative symptom relief helps confirm the diagnosis. In children, a diagnosis of attention deficit 
hyperactivity disorder (ADHD) has been associated with a higher likelihood of suffering from 
allergic conjunctivitis [30]. Evaluation of family history of atopic co-morbidities such as allergic 
rhinitis, atopic dermatitis or asthma increase the likelihood of an allergic disorder. Exposure to 
highly allergenic elements in the environment (e.g., pets, pest, molds, pollens) with a timeline of 
symptom exacerbations helps determine triggers. Exposure to other ocular triggers should be 
explored, for example smoking, occupational exposures, personal protective equipment used if 
any or long-term use of contact lenses. Table 2 summarizes key points to obtain on history.

It should be noted that patients suffering from dry eye disease may also report ocular itching 
[20]. The dominant symptoms of dry eye disease include dryness, discomfort, burning, stinging 
and foreign body sensation [20]. The two conditions share some similar clinical features of the 
ocular surface, and differentiating between the two can be challenging. Moreover, the two condi-
tions are not mutually exclusive and there is a growing body of evidence suggesting AC may be a 
risk factor for dry eye disease [31].
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Impact on Quality of Life

Interference with activities and effect on overall quality of life should be explored. Symptoms of 
allergies have a substantial impact on quality of life, especially when at their peak [23, 32, 33]. In 
a large population-based survey, red and itchy eyes were found to be the second most bothersome 
symptom of allergies, following nasal congestion. However, there was no statistical difference 
between the distress caused by nasal and eye symptoms [34]. The findings of negative emotions 
(irritability, frustration, anger, embarrassment), decreased productivity, decreased concentration, 
fatigue and absenteeism from work are consistent [23, 33, 34].

The economic burden of the disease is also increasingly recognized. This includes direct costs 
such as medications and visits to health care providers, as well as indirect costs such as missed 

Table 2: Components of a complete history for suspected ocular allergy [7, 10, 15].

Category Question for patients

Ocular symptoms What are your symptoms? How severe are they?
Are your eyes itchy? Do they burn? sting? Are they painful?
Is there discharge from your eyes? If so, is it watery or mucoid?
Does it feel like there is a foreign body in your eyes?
Do you rub your eyes?
Are your eyes dry?
When did your symptoms start?
What is your worst season, if any?
Have you had any previous episodes?
Are your symptoms in one eye or both?
Are there any exacerbating or relieving factors?
Is your vision affected?
Are you sensitive to lights?
Do you wear contact lenses? Are they comfortable?
Is there any history of trauma to your eyes?

Health history Is there associated atopy? Or a family history of atopy?
Is there a diagnosis of ADHD?
Are you on any medications?
Are there any other past medical and surgical concerns (tonsillectomy, sinus surgery)?

Exposures/
Environment

Do you live with pets?
Is the home carpeted? Forced-air heating? Air conditioning? Humidity level?
Is there exposure to smoke (first- or second-hand)?
Have there been any new exposures (e.g., new pet, renovations, new personal or home 

hygiene products)?
Are there any potential occupational exposures?
Infectious contacts (possibility of infectious cause of red eye)?

Treatment Have OTC topical products been used? If so, which product(s)?
Have OTC oral agents been used? If so, which product(s)?
Have prescription medications, including immunotherapy, been tried?
How often were the therapies used and for how long?
Has there been any relief of symptoms?

Quality of Life Are the symptoms interfering with school/work, activities of daily living or sleep?
Has school/work been missed due to symptoms?
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days of work and decreased productivity while at work [35]. Although no data are available related 
to the cost of AC specifically, the direct annual cost of allergic rhinoconjunctivitis is estimated at 
$2–5 billion in the United States [36].

Differential Diagnosis

Since many ocular conditions may mimic the symptoms of AC, maintaining a broad differential 
is essential. The more severe forms of ocular allergy (AKC, VKC, atopic dermatitis), contact-lens 
associated papillary conjunctivitis, infectious causes, dry eye disease types, ocular toxicity from 
preservatives, ocular rosacea as well as blepharitis must all be considered [10, 16, 29].

Physical Examination

Assessment of symptomatic patients must include gross visual examination. We recommend slit-
lamp biomicroscopy of the periocular and ocular tissues, including high magnification assess-
ment of the cornea and limbus, in moderate and severe disease, although all patients may benefit 
from a detailed examination regardless of the severity of disease.

Biomicroscopy involves assessment of the lids and lashes, lid margins and Meibomian glands, 
tear film (including discharge), bulbar and palpebral conjunctiva (conjunctiva overlying the sclera 
and underlying the eyelids, respectively), and cornea [7, 15]. When available, fluorescein ocular 
surface staining under cobalt blue light examination can help identify epithelial disruption and 
highlight conjunctival irregularities such as papillae [11, 29].

A common technique for examination of the affected tissues includes eversion of both upper 
and lower eyelids with the help of a cotton-swab. For examination of the lower eyelid, the patient 
is asked to look up and the eyelid is pulled down and observed under the slit-lamp. For examina-
tion of the upper eyelid, the cotton-swab is applied on the upper lid at the superior margin of the 
tarsus while the patient is asked the look down. The eyelashes are gently grasped and the eyelid is 
pulled out and flipped up over the cotton-swab. For examination of the lower eyelid, the patient is 
asked to look up and the eyelid pulled down over the cotton-swab. This is helpful to evaluate for 
injection and papillary changes and to differentiate other findings [11].

Patients with AC may have unremarkable physical findings on gross observation, especially 
if they are seen outside of exacerbations. The eyelids may be hyperemic and edematous and this 
can be more marked in the lower eyelid due to gravity. An allergic ‘shiner’, a bluish discoloration 
below the eyes, may be present in acute disease, and is as a result of venous congestion [7]. During 
acute or chronic exposures, watery discharge may be noted, but mucous discharge may also be 
visualized in the tear film [28]. Otherwise, bilateral conjunctival injection is the most obvious 
general finding. Chemosis, swelling of the conjunctiva, can be moderate to severe in acute epi-
sodes and may be somewhat disproportionately more prominent than the degree of redness found 
on examination [11, 18]. When severe, the conjunctiva appears gelatinous and may be thickened 
to the point that the cornea appears to be recessed. This can cause ocular complications as blink-
ing may fail to protect the corneal surface. Otherwise, corneal involvement is rare, but it is of 
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critical importance when it is identified as it may differentiate more chronic allergic disease types 
and alter treatment recommendations. Table 3 lists the ocular examination findings of AC.

Slit-lamp biomicroscopic examination is used to confirm the above findings, to exclude com-
plications from other forms of ocular allergies and to rule out other diagnoses. Signs such as giant 
papillae, corneal infiltration, pannus, neovascularization and ulceration indicates an alternate 
diagnosis to AC. Table 4 lists the ocular examination findings of common ocular comorbidities.

Briefly, the remainder of the physical examination should include assessment of the nasal 
passages for rhinorrhea and/or congestion, oropharynx examination, palpation of cervical lym-
phadenopathy, skin examination for concomitant atopic dermatitis and lung evaluation for signs 
of asthma.

Supportive Diagnostic Testing

An allergy assessment should be sought when considering the diagnosis of AC. The standard 
allergy evaluation is undertaken by aeroallergen skin prick testing on the forearm, which has high 
sensitivity [37]. When the resulting wheal is at least 3 mm larger than the negative control, the 
result is considered positive [37]. Rarely, systemic reactions have been reported after skin prick 
testing [38]. If skin testing is indicated but not advised (e.g., the patient is taking medications with 
antihistaminic properties that cannot be discontinued), if the results are ambiguous (e.g., presence 
of dermatographism) or simply to complement the results of previous SPT, serum specific IgE 
measurements for the aeroallergens can be considered.

The conjunctival allergen challenge involves instillation of an allergen on the ocular surface 
with subsequent evaluation of the local response. A control solution is instilled in the other eye 
[39]. This is predominantly done in research settings to test novel treatments or to compare exist-
ing therapies. In the clinical setting, the conjunctival allergen challenge is underused yet is par-
ticularly helpful to identify local allergies in patients who have symptoms suggestive of AC but 
who have negative or discordant skin prick testing and serum specific IgE [29]. The challenge is 
also useful to assess the relationship between symptoms and exposure in polysensitized patients 
and to assess response to therapy after it has been initiated [29, 39].

Table 3: Ocular examination findings of allergic conjunctivitis [15].

Ocular structure Associated findings

Lids/lashes Lid hyperemia/edema
Ptosis
Allergic ‘shiner’

Tears Watery, occasionally mucoid

Bulbar conjunctiva Superficial injection
Chemosis (if severe, may cause ‘hour glass’ appearance)

Palpebral conjunctiva Injection
Inferior or superior papillae (on lid eversion)

Cornea Clear
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Table 4: Ocular examination findings of common ocular comorbidities.

Related ocular disease Ocular signs

Allergic

 Atopic keratoconjunctivitis Eyelid atopic dermatitis often present
Conjunctival injection and chemosis
Conjunctival scarring
Giant papillae may be present
Infiltration of the limbus (region where the cornea meets 

the sclera) and cornea [15]

 Vernal keratoconjunctivitis Tearing, profuse mucous discharge [28]
Bulbar conjunctival injection
Large papillae of superior palpebral conjunctiva, 

‘cobblestone-like’
Corneal plaque/shield ulcer
Trantas’ dots (infiltrates at the juncture of the cornea and 

the sclera)
Corneal neovascularization and scarring

 Atopic dermatitis Periocular scaly, dry skin
Eyelid thickening
Lash loss
Papillary hypertrophy of palpebral conjunctiva
May be accompanied by conjunctival injection, watery/

mucoid discharge [28]

 Demodex-associated conjunctivitis 
(hypersensitivity to lid mites)

Heavy lash debris (lash collarettes)
Bulbar conjunctival injection, may show papillae
Eyelid hyperemia

Others

 Contact-lens associated papillary conjunctivitis, 
CLPC (often termed Giant papillary 
conjunctivitis, GPC)

Mucoid discharge
Excessive movement of contact lenses
Papillary hypertrophy of superior palpebra conjunctiva; if 

severe: lid swelling, ptosis [28]
Clear cornea

 Anterior blepharitis (staphylococcal, seborrheic)
 Posterior blepharitis (Meibomian gland 

dysfunction, ocular rosacea)

Lash debris, lid hypertrophy/hyperemia [15]
Conjunctival injection and staining (lissamine green)
Corneal staining (fluorescein)
Evaporative dry eye disease

 Dry eye disease (aqueous deficiency, 
evaporative)

Inadequate tear volume (low tear meniscus) (aqueous 
deficiency)

Lash debris, lid hypertrophy/hyperemia, Meibomian gland 
dysfunction, ocular rosacea (poor tear film stability; 
evaporative dry eye)

Conjunctival injection [15] and staining (lissamine green)
Conjunctival chalasis (redundancy of the conjunctiva from 

loss of adherence to the sclera)
Corneal staining (fluorescein)

 Ocular toxicity (due to ophthalmic agents, usually 
preservatives)

Conjunctival injection
Corneal staining

 Others: e.g. superior limbic keratoconjunctivitis, 
floppy eyelid syndrome, etc.

Chronic symptoms and signs, some of which may overlap 
with AC
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Management

Health care providers have access to a growing selection of treatments available for AC. The aim 
is to stop or minimize the inflammatory cascade associated with the allergic response in order to 
provide relief of symptoms and to prevent complications associated with prolonged inflamma-
tion. Although the initial treatment is often empiric, selecting therapies tailored to the patient’s 
specific symptoms may enhance response to treatment and improve treatment adherence. 
Immunotherapy is the only disease-modifying treatment available for allergic diseases includ-
ing AC and may provide lasting benefit after desensitization is completed [7]. Table 5 provides a 
summary of the ophthalmic agents available in Canada and the U.S. for the treatment of AC.

Allergen Avoidance

Allergen avoidance is part of routine recommendations; however, not only is clinical benefit 
unclear but also true avoidance can be difficult to achieve. The following recommendations may 
be helpful in reducing allergen exposure.

Pollen and outdoor mold exposure can be reduced by keeping windows closed, using screen 
filters, using an air conditioner and increasing patient awareness of monitoring local pollen counts 
in order to avoid unnecessary contact [7].

Strategies to reduce exposure to furry animals include removing the pet from the home, 
although this recommendation is understandably challenging to follow for most families [40]. 
Limiting pet access to areas where less allergen exposure is desired (e.g., bedroom) is helpful, as 
well as washing the pets weekly [40]. Removing reservoirs, such as carpets, is also recommended.

House dust mite control measures include keeping the humidity between 35 and 50%, using 
mite-allergen proof covers for the bedding, washing the bedding weekly and regular vacuuming 
with systems using HEPA (high-efficiency particulate air) filters, or with a central vacuum with 
adequate filtration or that vents to the outside [41]. There is controversy regarding the tempera-
ture at which the bedding should be washed for optimal removal of antigens, as mites are likely 
removed through a combination of drowning and scalding. Certain societies, for example the 
British Society of Allergy and Clinical Immunology (BSACI), recommend a minimal tempera-
ture of 60 °C as this temperature has been shown to kill mite eggs most efficiently [42, 43]. Other 
bodies such as the American Academy of Allergy, Asthma and Immunology (AAAAI) do not rec-
ommend a specific cut-off because high temperature water poses a scalding hazard [41]. Overall, 
experts agree that washing the bedding weekly helps decrease the antigen burden compared to no 
washing [44].

One study evaluating the use of an overnight HEPA filter to decrease symptoms in a bedroom 
environment where Der p 1 and Der f 1 were predominant found a decrease in rhinitis, but 
the small decrease in eye symptoms noted was not statistically significant [45]. Acaricides for 
dust mites are discouraged due to their limited efficacy and the concern of harmful chemical 
exposure [41].
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Table 5: Ophthalmic agents available in Canada and the U.S. for the treatment of allergic 
conjunctivitis [15].

Agents Availabilitya OTC/Rx Year of market 
availabilityb

Age 
indicationc

Dosing 
schedule

Topical ocular vasoconstrictors

 Naphazoline hydrochloride Both OTC Established  Maximum QID, 
short term

 Tetrahydrozoline hydrochloride Both OTC Established  Maximum QID, 
short term

Ocular antihistamines

 Antazoline (only found in 
combination)

Both OTC Before 1980 N/Ad QID

 Pheniramine (only found in 
combination)

Both OTC Before 1980 N/Ad QID

 Emedastine 0.05% [104] U.S. only Rx 1998 >3 years QID

Mast-cell stabilizers

 Lodoxamide 0.1% [105] Both Rx 1992 ≥ 4 years QID

 Cromolyn sodium 2% [106, 107] Both OTC/Rx 1993 ≥ 5 years QID

Dual-activity agents

 Olopatadine 0.1% [108] Both Rx 1998 ≥ 3 years BID

 Olopatadine 0.2% [109] Both Rx 2011 ≥ 16 years Daily

 Olopatadine 0.7% [110] Both Rx 2017 ≥ 2 years Daily

 Ketotifen 0.025% [111, 112] Both Rx (OTC 
in U.S)

2000 > 3 years BID to TID

 Ketotifen 0.025% preservative free U.S. only OTC 2000 > 3 years BID to TID

 Bepotastine besilate 1.5% [113] Both Rx 2017 ≥ 3 years BID

 Alcaftadine 0.25% [114] U.S. only Rx 2014 
(U.S. only)

≥ 3 years Daily

 Epinastine 0.05% [115] U.S. only Rx 2004 
(U.S. only)

≥ 3 years BID

 Azelastine 0.05% [116] U.S. only Rx 2009 
(U.S. only)

> 3 years BID

Ophthalmic steroids (only some most commonly used in ocular allergy)

 Fluorometholone acetate 
0.1%e [117]

Both Rx 1972 > 2 years BIDf

 Prednisolone acetate 1.0%e [118] Both Rx 1974 All ages BIDf

 Loteprednol etabonate 0.2% [119] Both Rx 2009 ≥ 18 years QIDf

 Loteprednol etabonate 0.5%e [120] Both Rx 2009 ≥ 18 years QIDf

Cont'd...
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Other Non-pharmacological Measures

Applying cold compresses can alleviate itching by causing conjunctival vasoconstriction, and 
thereby reducing hyperemia and edema [29]. Lubricant eye drops help to dilute and flush the 
allergens and inflammatory cells from the tear film, as well as to treat any co-morbid dry eye 
disease [7]. Wearing large wraparound sunglasses can be used to reduce contact with aeroaller-
gens and improve photophobia [29]. Non-pharmacological measures are variably helpful, have 
little evidence of efficacy and in most cases are inadequate to control symptoms and signs of AC.

Topical Dual-activity Agents (Antihistamine/Mast-cell Stabilizing Activity)

Compared with either antihistamines or mast cell stabilizers, topical dual-activity agents are gen-
erally clinically superior due to both symptom/sign relief and tolerability [46]. These are now 
considered first-line treatment in AC and are the most common ophthalmic agents prescribed by 
allergists and eyecare practitioners [28]. These agents provide the benefits of two classes of drugs: 
the immediate relief of antihistamines with the prophylactic benefit of mast cell stabilizers, and as 
well some have been shown to have other actions including inhibition of eosinophil migration and 
other mediators of inflammation (e.g. IL-5, PAF, LTB4) [47]. These are used to ameliorate symp-
toms but may be augmented by other treatments (e.g. steroids) when the signs are also significant 
or if the presentation is more than just mild.

Dual-activity agents have been well studied and are supported by extensive clinical experi-
ence. Examples of topical dual-activity agents include ketotifen 0.025%, olopatadine 0.1%, 0.2% 
and 0.7%, as well as bepotastine besilate 1.5% (Table 5). Other agents are available in the U.S. 
but are not yet available in Canada, such as epinastine, alcaftadine and azelastine. All of these 
agents are preserved with benzalkonium chloride, a surfactant preservative which may cause 
ocular surface toxicity [48]. When used in those patients who wear contact lenses, drops should 
be administered at least 15 min prior to lens insertion or after lenses are removed.

NSAIDs

 Diclofenac 0.1%e [121] Both Rx 1991 ≥ 18 years QID

 Ketorolac 0.4% and 0.5%e [75] Both Rx 1992 (0.5%) 
2004 (0.4%)

≥ 18 years QID

 Nepafenac 0.1%e [122] Both Rx 2008 ≥ 18 years TID

 Bromfenac 0.7%e [123] Both Rx 2015 ≥ 18 years Daily

BID twice daily, N/A not available, NSAIDs nonsteroidal anti-inflammatory drugs, OTC over-the-counter, QID four times a 
day, Rx prescription, TID three times a day
a“Both” indicates the agent is available in both Canada and U.S.
bUnless otherwise stated, the year of market availability in Canada
cFor agents that are available in both Canada and U.S., the age indication is based on the Canadian product monograph
dInformation not available
eOff-label use only in Canada; short term
fOr according to the severity of symptoms/inflammation

...Cont'd.
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Olopatadine was first released in the late 1990s and it has been re-released in various forms 
since. Compared with placebo, olopatadine has been found to reduce itching and redness, as well 
as decrease the tear histamine level [49, 50]. Olopatadine has also been shown to decrease chemo-
sis, eyelid edema and significantly improve quality of life [51, 52]. Olopatadine 0.1% was found to 
be more effective at relieving itching and redness compared to nedocromil sodium 2% in one RCT 
[53]. In another, ketotifen 0.025% was superior to both placebo and the antihistamine levocabas-
tine 0.05% in relieving itching and watering [54].

Multiple RCTs have compared olopatadine 0.1% with ketotifen 0.025% [55–57]. One meta-
nalysis found improvement in itching at 14 days in favor of olopatadine over ketotifen and no dif-
ference in reduction of tearing at 14 days, while another found no difference in efficacy between 
the two for itch and hyperemia [58, 59].

Bepotastine is the newest available dual-activity agent in Canada and differs in its improved 
bioavailability, H1 histamine receptor affinity, anti-inflammatory effects as well as rapid onset of 
action. In two RCTs compared to placebo, bepotastine was found to reduce itching significantly 
at 15 min with lasting benefit for 8 h after a conjunctival allergen challenge, highlighting both the 
acute and prolonged effects of the drug [60, 61].

A small cross-over study comparing bepotastine besilate 1.5% with olopatadine 0.2%, both 
used twice per day, found bepotastine besilate to be more effective for the relief of nasal running/
itching and ocular symptoms at both morning and evening time points [62]. Comfort was rated 
equally and adverse effects were generally mild, though a mild adverse taste was noted in 10% 
of those using bepotastine besilate. Significantly more subjects preferred bepotastine besilate 
(63.3%) over olopatadine. Subjects were not masked, however.

Steroids: Topical Ophthalmic and Nasal

Steroids treat AC by reducing inflammatory cytokine production, mast cell proliferation and cell 
mediated immune responses. While very effective, steroids are commonly used for short-term 
treatment only due to the risk of cataract development and elevated intra-ocular pressure (IOP).

Ophthalmic steroids are often prescribed along with dual-activity agents in the clinical situa-
tion where there are both symptoms and noticeable signs, or when the presentation is significant. 
They may also be used short-term to manage exacerbations or anticipation of periods when expo-
sures to allergens are expected to increase. The ester-based steroid, loteprednol etabonate (0.2%, 
0.5% suspension, gel), is the preferred agent for AC. This steroid is metabolized more efficiently 
therefore reducing the risk of adverse side effects [63]. The 0.2% concentration of loteprednol eta-
bonate is indicated for the treatment of seasonal AC. Only 1% of patients showed a significant IOP 
rise of ≥ 10 mmHg with this concentration, and its long-term use did not correlate with cataract 
development [63–65].

Potent ketone-based topical steroids such as prednisolone acetate 1%, prednisolone phos-
phate 1%, and dexamethasone 0.1% can be prescribed for severe cases of AC. However, these more 
potent steroids carry more risk of ocular adverse effects and are generally not necessary.

Intranasal steroids used for allergic rhinitis including fluticasone furoate and mometasone 
furoate have also been shown to have positive effects on ocular allergic symptoms relative to 
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placebo [66, 67]. In one study fluticasone provided superior ocular symptom relief when com-
pared to the oral antihistamine oral fexofenadine [67]. The mechanism of relief may be reduction 
in the nasal-ocular reflex where the afferent portion is the nasal allergic response and the efferent 
portion leads to ocular symptoms [68]. This class of medication is therefore often used as first line 
treatment in allergic rhinoconjunctivitis.

One double blind longitudinal study of 360 patients showed the nasal steroids fluticasone 
propionate, mometasone furoate, and beclomethasone dipropionate did not cause variations of 
IOP outside normal limits. However, due to the risk of IOP rise with any steroid use, careful moni-
toring by applanation tonometry in patients on intranasal steroids is advised [69]. Nasal steroids 
in addition to topical treatments may be considered when oral antihistamine use causes exacerba-
tion of concomitant dry eye disease due to excessive ocular surface drying.

Antihistamines: Topical and Oral

Oral antihistamines are central in the treatment of allergies. They are easily accessible by patients, 
both OTC and by prescription.

Oral first-generation antihistamines are best avoided due to their anticholinergic properties 
and ability to cross the blood–brain barrier [70]. These agents commonly produce undesirable 
side effects such as confusion, sedation, urinary retention, and dry eyes and mouth, creating the 
potential to exacerbate any concomitant dry eye disease [71]. Concern also exists related to a 
possible increased risk of dementia in patients taking high dose anticholinergic medications for a 
prolonged period of time, as well as an increased risk of falls and fractures in the elderly [72, 73]. 
Second-generation antihistamines do not cross the blood–brain barrier as readily and produce 
less anticholinergic effects and are therefore preferred over first-generation antihistamines.

Compared with oral antihistamines, topical antihistamines agents target the ocular tissues 
directly and have a faster onset of action (3–15  min), a better safety profile and are generally 
better tolerated due to less systemic absorption [71]. These agents relieve itching and erythema 
for a short period of time only, necessitating repeated instillations of up to four times per day. 
Moreover, topical antihistamines have no effect on other mediators of the allergic response like 
leukotrienes and prostaglandins. Therefore, they are best used in the acute phase reaction and are 
rarely sufficient as monotherapy.

Antazoline and pheniramine were amongst the first available topical antihistamines and 
continue to be available OTC in combination with the vasoconstrictor naphazoline (Table  5). 
Emedastine is a newer and more potent antihistamine, but it is no longer available in Canada, nor 
is levocabastine. Other antihistamines such as cetirizine eye drops are available in the U.S. only. As 
a rule, topical antihistamines have been usurped by the topical dual-activity agents.

Topical NSAIDs

Anti-inflammatory ophthalmic solutions are not often used in AC, but may be useful when symp-
toms continue to be inadequately controlled despite the use of dual-activity agents or when the 
prescription of a steroid is not optimal for a particular patient. By blocking the cyclooxygenase 
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pathway, these agents inhibit production of prostaglandins, one of the newly formed mediators of 
inflammation in IgE mediated allergic responses. The main benefit of a topical NSAID seems to 
be the temporary reduction of severe symptoms of discomfort.

Examples of NSAIDs used in ocular allergies are ketorolac tromethamine 0.4% and 0.5%, 
diclofenac sodium 0.1% and nepafenac 0.1% (Table 5).

Topical NSAIDs are used primarily in perioperative cataract care and were incidentally found 
to reduce symptoms of AC [7]. Ophthalmic NSAIDs are approved by Health Canada solely for 
the treatment of perioperative ocular inflammation in cataract surgery and may be used for the 
treatment of seasonal AC off-label only [74]. Ketorolac tromethamine 0.5% was approved by the 
U.S FDA for the treatment of seasonal AC [75].

Topical NSAIDs are generally used short-term, as an add-on to a dual-activity agent. After 
7 or 8 days of four times daily use, topical NSAIDs were found to significantly decrease conjunc-
tival inflammation, ocular itching, swollen eyes, discharge/tearing, foreign body sensation and 
conjunctival injection [76]. Adverse effects include significant irritation on instillation and rarely 
keratitis, corneal ulceration or perforation [77].

Topical Vasoconstrictors

Over-the counter-topical vasoconstrictors are readily available. They can help reduce erythema 
but have a limited effect on pruritus [46]. Moreover they can cause stinging and burning upon 
instillation, as well as tachyphylaxis and rebound hyperemia upon discontinuation of use [78]. 
They are best used as a short-term solution [71–73].

Topical Mast-cell Stabilizers

Topical mast-cell stabilizers inhibit mast cell degranulation by an unclear mechanism of action 
[18]. Examples of available mast cell stabilizers include lodoxamide and sodium cromoglycate 2%, 
the latter of which is OTC (Table 5). They are best utilized on a prophylactic basis and require a 
loading period of a few weeks prior to allergen exposure [18]. When used prophylactically, they 
have been found to reduce itching and tearing compared to placebo in several randomized control 
trials (RCTs) [79–81]. Due to the availability of more effective therapies in the dual-activity agents, 
mast cell stabilizers are also seldomly used as monotherapy.

Immunotherapy

Immunotherapy is the only therapy that can provide continued benefits after an adequate course 
is completed. Immunologic changes involve downregulation of the Th2 response and upregula-
tion of regulatory T cells that produce inhibitory cytokines. This ultimately leads to a reduced 
end-organ response to allergen exposure [82].

Two forms of immunotherapy are approved in Canada: sublingual immunotherapy (SLIT) 
and subcutaneous immunotherapy (SCIT). SCIT is further divided in pre-seasonal or year-round 
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treatments depending on patient preference and availability of allergens. Other delivery methods 
for immunotherapy such as intralymphatic IT and local conjunctival IT exist and are not approved 
for use in Canada at this time.

Both SCIT and SLIT are recommended for the treatment of allergic rhinoconjunctivitis 
[46, 82, 83].
a. Subcutaneous immunotherapy (SCIT): pre-seasonal and year round
 Subcutaneous immunotherapy (SCIT) was introduced by Noon in 1911 as a means to treat 

symptoms caused by environmental allergies [84]. SCIT is recommended for the treatment of 
AC and should be continued for 3 to 5 years to induce sustained clinical remission [82].

 Only three allergens (trees, ragweed and grass), are available as pre-seasonal injections. All 
other common allergens are available for year-round therapy, although only 14 agents treat-
ing allergic rhinoconjunctivitis are standardized: cat [2], grass pollen [8], house dust mites [2] 
and short ragweed. As a side note, the only other standardized allergenic extracts currently 
available are Hymenoptera venoms [6, 85].

 SCIT benefits from extensive experience and multiple studies confirm its efficacy in the treat-
ment of AC. One systematic review including 11 studies reporting on conjunctival symptoms 
concludes that there is strong evidence that SCIT to grass mix, timothy grass, cat, Parietaria 
and Alternaria improves symptoms of conjunctivitis [86]. Another systematic review includ-
ing 3 studies reporting on conjunctival symptoms also supports SCIT to Parietaria and grass 
mix as treatment of AC [87].

 One small trial compared pre-seasonal IT to perennial IT for symptom reduction using 80% 
grass pollen, 20% rye pollen. Both the pre-seasonal and perennial groups received 7 injec-
tions every 1 to 2 weeks up to a dose of 0.6 mL of a 10,000 therapeutic units/mL concentra-
tion (hence a final dose of 4800 TU of grass pollen and 1200 TU of rye pollen per injection). 
The pre-seasonal group continued with histamine placebo injections every 4 to 6 weeks and 
the perennial group continued with 0.6 mL of the extract at the same time interval. After 
3 years of treatment, both groups had significant reduction in ocular symptoms compared to 
baseline but there was no significant difference between the two treatment arms. Total rhino-
conjunctivitis symptoms and use of rescue medication were lower in the perennial immuno-
therapy group [88].

b. Sublingual immunotherapy (SLIT)
 Sublingual immunotherapy is the newest form of immunotherapy available and can be deliv-

ered both as dissolvable tablets or extract solution. Only tablets are available in Canada: 
(Stallergenes Greer; for the treatment of grass pollen allergy) became available in 2012, (ALK; 
grass) and (ALK; short ragweed) in 2014 and the newest therapy, (ALK; house dust mites), 
was introduced in 2017. This review will focus on tablets given their availability in Canada.

 Early reports on the efficacy of SLIT contained information related to rhinitis, while effects 
on conjunctivitis were explored later. A recent meta-analysis looking at the use of SLIT in AC 
included 13 RCTs and 1592 patients aged 3–18 and evaluated response to olive pollen, pari-
etaria pollen, house dust mites and grass pollen mix immunotherapy [89]. The studies used 
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either sublingual tablets or drops. All RCTs reported on allergic rhinoconjunctivitis and none 
solely on AC.

 Treatment of pollen-induced AC with SLIT was significantly effective in improving total 
ocular symptom scores and reducing ocular redness, itch and tearing, while treatment of 
house dust mite-induced AC was not. There was a trend towards a lower efficacy of drops 
compared to tablets, although no RCTs compared to two head-to-head [89]. Two RCTs 
included other medication use and showed no decrease in the placebo versus SLIT groups. 
The combined drop-out rate of all patients on SLIT was 10.1%.

 Another meta-analysis looking at combined pediatric and adult populations included 42 
RCTs with 3958 patients of a median age of 29.7 and evaluated response to grass pollen, tree 
pollen, house dust mites, weeds and cat extract immunotherapy [90]. The studies used either 
drops, tablets or both drops during the build-up phase and tablets for the maintenance phase. 
There was significant reduction in total ocular symptom scores and in ocular signs (redness, 
itch and tearing) compared to placebo in pollen-induced AC, but not to house dust mites 
in the pediatric population. Once again, there was no reduction in ophthalmic medication 
use [90].

Biologics

Omalizumab is a humanized monoclonal antibody that binds to the FCεR3 portion of unbound 
IgE. Two RCTs have compared omalizumab with placebo and report the effects of the drug on 
AC [91, 92]. They show significant reduction in nasal and ocular symptoms (red, itchy, watery 
eyes) in the omalizumab group compared with placebo after 12 and 16 weeks. Omalizumab has 
not been studied in the treatment of AC outside of research done on allergic rhinitis. Case reports 
exist showing good effect of omalizumab for treatment of atopic keratoconjunctivitis (AKC) and 
vernal keratoconjunctivitis (VKC) [93–95]. Omalizumab is not approved for treatment of allergic 
eye disease.

Dupilumab (an IL-4 and IL-13 pathway inhibitor) has not been studied in AC, but one 
reported adverse effect of the drug is conjunctivitis, described as inflammation of the anterior 
conjunctiva and hyperemia of the limbus [96]. Incidence varies from 5 to 28% in dupilumab 
groups, compared with 2–11% in placebo groups [97–99]. Pre-existing AC appears to be a risk 
factor and dupilumab-related conjunctivitis seems to respond to fluorometholone 0.1% eye drops 
or off-label tacrolimus 0.03% eye ointment [96].

Neither mepolizumab, reslizumab or benralizumab (anti IL-5 biologic agents) have been 
studied in the context of AC.

Future directions for topical treatments

As discussed above, topical steroids are successful in treating AC. With the ester-based steroids, 
there is less risk of adverse effects including IOP elevation and cataract formation. Mapracorat is 
a selective glucocorticoid receptor agonist that is non-steroidal and is currently in clinical trials 
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for ocular use. Mapracorat diminishes recruitment of eosinophils and inflammation inducing 
cytokine production in experimental ocular models. Encouragingly, Mapracorat raises IOP less 
than the topical steroid dexamethasone in these models [100].

Cyclosporine A reduces the allergic response by suppressing T lymphocyte proliferation and 
inflammatory cytokine activity thereby inhibiting histamine release from mast cells and basophils 
and reducing eosinophil recruitment [101]. A systematic review suggested topical cyclosporine 
could be used to treat AC and help reduce the reliance on topical steroids (and therefore risk of 
IOP increase and cataracts) in more severe cases. Topical cyclosporine was found to be safe with 
the major side effects being burning and stinging on instillation. For different types of AC and 
severities of patient presentations, more studies are needed to provide information on the appro-
priate concentration of cyclosporine (various concentrations from 0.05 to 2% have been used in 
studies). It is important to note that Health Canada has not authorized the use of cyclosporine 
ophthalmic emulsion 0.05% in patients under the age of 18 as there is not yet enough data on its 
safety in the pediatric population [102, 103].

Topical calcineurin inhibitors such as tacrolimus and pimecrolimus are effective treatments 
for atopic dermatitis; however, they are not yet available for ophthalmic use. A study in Japan 
using tacrolimus 0.1% drops showed promise in treating AC (including cases that were unre-
sponsive to topical cyclosporine). The possible link between long-term tacrolimus use and risk of 
malignancy underlies the need for more research.

Proposed Pharmacologic Treatment Algorithm for the Management of Allergic 
Conjunctivitis

The pharmacologic treatment of AC is focused on relief of symptoms and resolution of signs, if 
present. We propose the following treatment algorithms based on expert opinion. The first algo-
rithm (Fig. 5) presents a more extensive overview to the management of AC, whereas the second 
algorithm (Fig. 6) provides a simplified overview.

As a first step, the diagnosis of AC should be confirmed and the severity assessed. Determining 
the severity, both in terms of impact on the patient’s QoL and physical examination findings, can 
help clinicians choose the appropriate strategies to provide prompt and maximal relief.

The dual-activity agents are considered the appropriate first-line therapy. They are easily 
accessible and well tolerated. When symptoms and signs remain uncontrolled, a short course 
of topical ophthalmic steroids may be considered. As discussed above, monitoring by an eye 
care specialist is necessary when there is consideration to use this agent on a longer term 
basis. Other treatments include nasal steroids, oral anti-histamines and/or topical ophthalmic 
NSAIDs, which are listed in no particular order and can be used concomitantly. Topical cal-
cineurin inhibitors can be used off-label by eyecare specialists as a next step. Immunotherapy, 
either subcutaneous or sublingual, can provide a longer term solution to the symptoms and 
signs of AC and can be considered when medical therapy is insufficient, poorly tolerated or for 
patient preference.
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Interprofessional Collaboration

Allergic eye disease is increasingly being recognized amongst health care professionals. Patients 
may initially consult various practitioners and a multidisciplinary approach is crucial in ensuring 
adequate diagnosis, counselling and treatment. The primary care provider, optometrist, ophthal-
mologist and allergist are key players in patient care. Figure 7 illustrates conditions where evalua-
tion by various specialists is recommended.

A thorough eye examination is difficult to complete in a primary care provider or allergist’s 
office, given the limitations of equipment availability. Referral to an optometrist or ophthalmolo-
gist should be considered when a full eye examination has not been done in the past year, as 
they can perform proper slit-lamp biomicroscopy. Eye care specialists can be especially helpful if 
symptoms are not typical of uncomplicated AC, pain is present, the diagnosis is unclear, symp-
toms persist despite adequate therapy, signs are present suggesting the need for more than a dual-
activity agent and/or to monitor response to therapy and ophthalmic adverse effects, including but 
not limited to steroids [15].

An allergist is most helpful when symptoms remain uncontrolled after empiric therapy, sen-
sitization needs to be determined (skin prick testing or serum specific IgE) or immunotherapy is 
indicated.

The allergist and eye care specialist may refer back to the primary care provider when signs 
and symptoms are well controlled and require chronic management. Communication between all 
practitioners involved is essential for optimal care.

Fig. 6: A simplified approach to the treatment of allergic conjunctivitis.

Treatment algorithm for SAC and PAC

In select situa�ons

First-line

Presence of clinical signs; 
persistent symptoms

(In no specific order; 
may be used together)
Oral an�histamine

Nasal steroid 
Immunotherapy

Other immunomodulator

Topical ophthalmic steroids

Topical ophthalmic dual-ac�vity agents
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Conclusion

AC and other ocular allergic diseases are highly prevalent yet continue to remain underdiagnosed 
and undertreated. Signs and symptoms of AC can significantly impair quality of life. A thorough 
history and physical examination is key in identifying AC and ruling out other diagnoses. A mul-
titude of pharmacological options are available and the choice of therapy should be tailored to 
each patient. Primary care providers, eye care specialists and allergists each play an important role 
in patient management and a multidisciplinary approach is essential to maximize care.

Abbreviations 
AC: allergic conjunctivitis; QoL: quality of life; NSAIDs: non-steroidal anti-inflammatory drugs; AKC: atopic keratoconjunctivitis; VKC: 
vernal keratoconjunctivitis; CLPC: contact-lens associated papillary conjunctivitis; GPC: giant papillary conjunctivitis; IgE: immuno-
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possible link between long-term tacrolimus use and risk 
of malignancy underlies the need for more research.

Proposed pharmacologic treatment algorithm 
for the management of allergic conjunctivitis
The pharmacologic treatment of AC is focused on relief 
of symptoms and resolution of signs, if present. We 
propose the following treatment algorithms based on 
expert opinion. The first algorithm (Fig.  5) presents 
a more extensive overview to the management of 
AC, whereas the second algorithm (Fig.  6) provides a 
simplified overview.

As a first step, the diagnosis of AC should be confirmed 
and the severity assessed. Determining the severity, both 
in terms of impact on the patient’s QoL and physical 
examination findings, can help clinicians choose the 
appropriate strategies to provide prompt and maximal 
relief.

The dual-activity agents are considered the appropriate 
first-line therapy. They are easily accessible and 
well tolerated. When symptoms and signs remain 
uncontrolled, a short course of topical ophthalmic 
steroids may be considered. As discussed above, 

monitoring by an eye care specialist is necessary when 
there is consideration to use this agent on a longer term 
basis. Other treatments include nasal steroids, oral 
anti-histamines and/or topical ophthalmic NSAIDs, 
which are listed in no particular order and can be used 
concomitantly. Topical calcineurin inhibitors can be 
used off-label by eyecare specialists as a next step. 
Immunotherapy, either subcutaneous or sublingual, can 
provide a longer term solution to the symptoms and signs 
of AC and can be considered when medical therapy is 
insufficient, poorly tolerated or for patient preference.

Interprofessional collaboration
Allergic eye disease is increasingly being recognized 
amongst health care professionals. Patients may initially 
consult various practitioners and a multidisciplinary 
approach is crucial in ensuring adequate diagnosis, 
counselling and treatment. The primary care 
provider, optometrist, ophthalmologist and allergist 
are key players in patient care. Figure  7 illustrates 
conditions where evaluation by various specialists is 
recommended.

A thorough eye examination is difficult to complete 
in a primary care provider or allergist’s office, given 

Eye Care Specialist

Primary Care Provider Allergist

Refer to an eye care specialist when:
• Ocular allergic symptoms or signs are present
• Slit-lamp biomicroscopy is required and other 

ocular tes�ng may be needed
• A differen�al diagnosis or diagnosis is needed
• A full eye examina�on is required†

† If the pa�ent has not had an eye examina�on for > 1 year

Eye care specialists may refer back to the PCP when:
• Signs of mul�system disease are iden�fied
• Treatments required are outside the scope of 

prac�ce (e.g., oral steroids)

Allergists may refer back to the PCP for:
• Management of general allergic disease(s)

Refer to an allergist when:
• Diagnosis is unclear
• Symptoms and signs remain uncontrolled on 

recommended treatments
• Allergen iden�fica�on is required
• Immunotherapy may be required

Fig. 7 Interprofessional collaboration—conditions for patient referral to an eye care specialist, a primary care provider (PCP) and an allergist [15]
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