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Purpose of review

Vernal keratoconjunctivitis (VKC) is a severe bilateral chronic allergic inflammatory disease of the ocular
surface. In most of the cases, the disease is limited to the tarsal conjunctiva and to the limbus. However, in
the more severe cases, the cornea may be involved, leading to potentially sight threatening complications.
Prompt recognition of these complications is crucial in the management of VKC, which is one of the most
severe ocular allergic diseases.

Recent findings

A vicious cycle of inflammation occurs as a result of a set of reciprocal interactions between the conjunctiva
and the cornea, which results in damage to the corneal epithelium and corneal stoma, and to the formation
of shield ulcers and plaques, infectious keratitis, keratoconus, scarring, and limbal stem cell deficiency.
These corneal complications can cause permanent decrease or loss of vision in children suffering from
VKC.

Summary

Corneal complications in VKC are the result of an on-going process of uncontrolled inflammation. Proper
recognition of the corneal complications in VKC is crucial, as most of these can be managed or prevented
by a combination of medical and surgical measures.
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INTRODUCTION

Vernal keratoconjunctivitis (VKC) is a chronic
severe allergic inflammatory disease of the ocular
surface in children and young adults [1]. The disease
is prevalent in dry hot climates, specifically at the
Mediterranean basin, the Middle East, Central and
West Africa, India, and South America. It is more
prevalent in boys, starts during the middle of the
first decade of life, and resolves after puberty [2]. The
disease is characterized by constant ocular irritation,
frequent eye rubbing, photophobia, tearing,
mucous discharge, and droopy lids. The signs of
the disease are mostly confined to the conjunctiva,
and include giant papillary reaction of the upper
tarsal conjunctiva, and limbal hypertrophy or lim-
bal infiltrates and nodules. Many times there is a
combination of the involvement of the upper tarsal
conjunctiva and of the limbus.

Interestingly, the cornea may be affected in
the more severe forms of the disease, leading to
complications thatmay cause permanent visual com-
promise. The cornea is affected as a result of the
frequent mechanical injury caused by the rough
surface of the giant tarsal papillae of the upper
tarsal conjunctiva, which may disrupt the corneal
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epithelium. In addition, the inflammatory mediators
that are secreted by the activated eosinophils and
mast cells may further cause damage to the corneal
epithelium.

This constant damage to the cornea may cause
severe complications, including shield ulcers and
vernal plaques, keratoconus, corneal scarring,
microbial keratitis, and limbal epithelial stem cell
deficiency. As some of these complications occur
during the first decade of life, they may result in
amblyopia. The present review will describe the
prevalence, clinical appearance, and outcome of
these severe corneal complications of VKC.
r Health, Inc. All rights reserved.
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KEY POINTS

� Reciprocal interactions between the conjunctiva and
cornea in VKC cause disruption of the corneal
epithelium and augment the allergic inflammatory
cascade.

� Shield ulcers and plaques occur as a result of
degradation of the corneal epithelium and stoma, with
deposition of eosinophil-derived mediators at the base
of the ulcers.

� Keartoconus and keratoconus-like topographic patterns
are frequent in children with VKC, and are a result of
frequent eye rubbing and tissue degradation by
inflammatory mediators.

� Treatment of the corneal complications includes
aggressive topical anti-inflammatory therapy, combined
with surgical procedures such as superficial
keratectomy for shield ulcers and corneal cross linking
for progressive keratoconus.

Eye allergy
PATHOPHYSIOLOGY: CONJUNCTIVAL
INFLAMMATION AND CORNEAL
COMPLICATIONS

The cornea and conjunctiva are adjacent tissues that
participate in the complex network of allergic
responses in VKC, and were shown to influence
each other [3]. Cells and mediators that participate
in ocular allergic inflammation cause changes in
both of these tissues, and the reciprocal interaction
between the cornea and conjunctiva augments
the inflammatory cascade of reactions and tissue
damage.

The corneal epithelium has a barrier function,
which secludes the corneal stroma and corneal ker-
atocytes from the inflammatory environment of the
conjunctiva. However, this barrier function may be
damaged in VKC. Eosinophils and eosinophil-
derived factors are responsible for the evolution of
corneal ulcers. The two granule proteins that are
secreted from activated eosinophils are Major Basic
Protein and Eosinophil Cationic Protein. These two
proteins are cytotoxic to corneal epithelial cells
in vitro, and inhibit corneal epithelial wound heal-
ing in an organ culture model [4,5], and are found at
the base of shield ulcers and plaques in VKC [6,7]. In
addition, eosinophils secrete matrix metalloprotei-
nase (MMP)-9, which degrades components of the
corneal basement membrane and corneal stroma.
MMP-9 is also found in the tear fluid of patient with
VKC [8]. Taken together, eosinophil-derived granule
proteins and the matrix-degrading enzymes are
responsible for the corneal complications in VKC,
mainly the corneal shield ulcers and plaques, and
 Copyright © 2015 Wolters Kluwer 
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probably contribute to the formation and pro-
gression of keratoconus.

The corneal epithelial cells act as a physical
barrier to prevent penetration of inflammatory
mediators to the stroma [3]. Following the damage
to the corneal epithelium and the disruption of its
barrier function, the corneal fibroblasts become
exposed to the effects of the various allergic inflam-
matory mediators. Corneal fibroblasts express
receptors for the Th2 cytokines, interleukin (IL)-4,
and IL-13, which participate in allergic inflam-
mation [3]. In addition, these cells produce
eotaxin-1 in response to the Th2 cytokines. Corneal
fibroblasts also release CCL 17, an important
chemokine for Th2 cells, in response to stimulation
with IL-4, IL-13, or tumor necrosis factor-a [9]. Thus,
the corneal fibroblasts may augment conjunctival
allergic inflammation. Removal of the corneal
epithelium in a rat model augmented late phase
clinical signs conjunctival eosinophilia, and this in
turn delayed corneal epithelial wound healing [10].

Taken together, these findings demonstrate a
vicious cycle that link conjunctival inflammation
with corneal complications in VKC, as these two
processes augment each other. Eosinophils and Th2
lymphocytes produce mediators such as the eosino-
phil-derived granule proteins, MMP-9, and Th2
cytokines. These mediators impair the function bar-
rier of the corneal epithelium, creating shield ulcers.
As a result, the stromal fibroblasts are exposed to
these inflammatory mediators, are activated, and
secrete chemokines that in turn further activate
the Th2 cells [3,10]. This causes a prolonged process
of inflammation that augments itself, and is respon-
sible for the various corneal complications that will
be described in this review.
SHIELD ULCERS AND PLAQUES

Shield ulcers and plaques in VKC usually evolve at
the upper third of the cornea. The reported inci-
dence among patients with VKC is 3–11%, with a
subsequent permanent reduction in visual acuity in
6% of all patients [1]. In a recent large series of shield
ulcers from India, the overall incidence of ulcers
among patients with VKC was 4.6%, and the annual
incidence ranged from 3 to 8% [11]. These are
chronic epithelial abnormalities, which result from
a combination of two mechanisms [6,11]. The first is
the mechanical damage caused by the constant
friction between the giant papillae of the upper
tarsal conjunctiva against the upper third of the
corneal epithelium. The second mechanism
involves secretion of inflammatory mediators from
activated eosinophils, which infiltrate the conjunc-
tiva. These mediators include the Major Basic
Health, Inc. All rights reserved.
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FIGURE 1. Surgical removal of a shield ulcer with an opaque plaque. (A and B) Preoperative appearance; (C) removal of the
adjacent epithelium covering the edges of the plaque; (D) scraping of the plaque material; and (E) after complete removal of
the plaque.
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Protein and the Eosinophil Cationic Protein, which
are toxic to the corneal epithelium [6]. The secreted
proteins accumulate with time on the denuded
stromal surface of the ulcer, thus forming a dense
plaque, which prevents epithelialization (Fig. 1).
Chronic corneal ulcers and plaques in VKC can lead
to further complications such as microbial keratitis
[12,13], amblyopia [12,14], and very rarely a corneal
perforation [15].

The evolution of corneal ulcers and plaques was
described by Cameron, who presented a large series
of 66 ulcers in 55 eyes [16]. Punctate epithelial
erosions, which evolve into coarse erosions, and
later coalesce to form macro-erosions, precede the
development of shield ulcers (Table 1). The ulcers
were divided into three types: ulcers with a trans-
parent base (grade 1), which re-epithelialize with
medical treatment and may leave mild scarring;
 Copyright © 2015 Wolters Kluwe

Table 1. Development of shield ulcers and plaques [16]

Epithelial keratopathy

Punctate erosions

Coarse keratopathy

Macroerosion

Corneal ulcers

Grade 1 – Transparent ulcer base

Grade 2 – Translucent ulcer base�opaque white or yellow
deposits

Grade 3 – Elevated plaque

1528-4050 Copyright � 2015 Wolters Kluwer Health, Inc. All rights rese
ulcers with translucent base, sometimes with
opaque white or yellow deposit (grade 2; Fig. 1);
and elevated plaques with a dense opaque deposit
(grade 3). Most of the ulcers develop on the central
and upper portions of the cornea.

Although grade 1 ulcers epithelialize with
medical treatment alone, leaving mild corneal
scarring, the grade 2 and 3 ulcers epithelialize very
slowly, and are associated with severe compli-
cations. These included bacterial keratitis and
amblyopia [14]. Most of these patients require
surgery to remove the deposits within the ulcers
or the elevated plaques (Fig. 1), which usually results
in dramatic healing [16]. Medical treatment
includes topical treatment with mast cell stabilizers,
antihistamines, topical corticosteroids, antibiotics,
and lubricating eye drops, whereas surgical treat-
ment included debridement or superficial keratec-
tomy (Fig. 1). Amniotic membrane transplantation
was used in cases that needed a secondary interven-
tion [11]. Excimer laser photorefractive keratectomy
was also used in a limited number of patients at the
base of the shield ulcer following mechanical
removal of all inflammatory deposits and plaque
material with fast re-epithelialization following
the procedure [17]. Recurrence of shield ulcers fol-
lowing treatment was noted in 14.5% of eyes.
MICROBIAL KERATITIS

Microbial keratitis is one of the most severe compli-
cations of VKC [12,13,18,19], usually resulting from
r Health, Inc. All rights reserved.

rved. www.co-allergy.com 491



Eye allergy
infection of recurrent shield ulcers [11]. The inci-
dence of infections is 9–10% among eyes with shield
ulcers, as reported in the two large series form India
and Saudi Arabia [11,16]. In one of these series of
infectious keratitis following shield ulcers, the most
frequent bacterial isolates included Staphylococcus
epidermidis and Streptococcus pneumonia, followed
by Corynebacterium species, Neisseria meningitides,
Klebsiella pneumonia, and Brevibacterium species
[11]. Fungal infections from Aspergilus were also
anecdotally reported in patients with VKC, with
or without a shield ulcer [13,18].

Interestingly, some of these infectious ulcers
occurred while prophylactic topical antibiotic treat-
ment was administered. In some cases of bilateral
shield ulcers, bacterial keratitis occurred simul-
taneously in both eyes [12].
KERATOCONUS

The association of keratoconus with VKC is well
known (Fig. 2), and has been attributed to frequent
eye rubbing [1,20]. The incidence of keratoconus
among children with VKC was estimated as 15% in
one report, and as 2.1% in a large series from Italy [2].
The incidence of acute hydrops was estimated as 6%
of those having keratoconus in VKC. The reason for
 Copyright © 2015 Wolters Kluwer 

51
50
49
48
47
46
45
44
43
42
41
40
39
38
37

1 D

Axial mapOD

Hadassah university hospital

12/22/2010
9:04 AM

EyeSys

(a) (

(c)

(d)

FIGURE 2. An 11-year-old boy with VKC and keratoconus. (A
hyperhemia; and (D and E) corneal topography in that child dem
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this variation in incidence of keratoconus is probably
a result of the topographic parameters used to diag-
nose this disease. In a study [21] that evaluated topo-
graphic patterns in children with VKC compared to
controls, an asymmetric bow-tie (a pattern marking
the shape and direction of the steep axis of the
cornea) with inferior steepening was found in
31.25% of children with VKC compared with only
8.2% in healthy children. In addition, this study
reported on a bow-tie with superior steepening pat-
tern, which was found in 36.25% of the VKC patients,
compared with 22.2% in controls. As this pattern is
considered by many to be a normal pattern, this
explains the variation in reporting on the true inci-
dence of keratoconus. In addition, the corneal asym-
metry index and the corneal irregularity index were
all significantly higher compared with controls [21].

A recent study [22
&

] from Nepal demonstrated
many keratoconus-like characteristics in corneal
topography of children with VKC. The incidence
of true keratoconus was 11.3% (13 of 115 children
with VKC). The central corneal thickness was sig-
nificantly lower in VKC (507.2�9.8 m) compared
with normal controls (526.4�8.6 m; P¼0.00).
Most of the indices associated with keratoconus-like
topography were found to be significantly associ-
ated with VKC.
Health, Inc. All rights reserved.
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The combination of frequent eye rubbing and
the chronic tissue degradation of the corneal stroma
from the constant exposure to inflammatory
mediators are believed to cause biomechanical
changes in the corneal stroma, which lead to thin-
ning and ectasia. Using the Ocular Response Ana-
lyzer (ORA), the corneal resistance factor (CRF) was
found to be significantly reduced in corneas of
children with VKC compared with corneas of
healthy controls [23].

Corneal cross-linking (CXL) has been the treat-
ment of choice in preventing the progression of
keratoconus over the last decade [24]. In children,
the progression pattern of keratoconus is more
aggressive than in adults, and hence this procedure
is now strongly indicated for pediatric keratoconus
[25]. As many children with keratoconus suffer also
from VKC, performing CXL in these children is
extremely challenging. The constant ocular surface
inflammation, coupled with partial limbal stem cell
deficiency may cause delay in wound healing after
the CXL procedure. Therefore, these children need
aggressive anti-inflammatory treatment as a prep-
aration to CXL [25]. As of today, there is almost no
literature reporting on the clinical outcome of chil-
dren with active VKC and progressive keratoconus
undergoing CXL.
LIMBAL STEM CELL DEFICIENCY AND
SCARRING

The chronic intense inflammation of the ocular
surface that may persist for many years, coupled
with the frequent rubbing of the corneal epithelium
against the rough surfaces of the cobblestone giant
papillae of the upper tarsal conjunctiva, all these
may contribute to damage of the limbal epithelial
progenitor cells, and to limbal stem cell deficiency
(LSCD). LSCD was demonstrated in patients with
VKC using impression cytology [26]. Patients with
VKC and LSCD were older and had a longer duration
of the disease compared with VKC with no LSCD
[26,27]. The incidence of LSCD in VKC was reported
to be 1.2% in a large series from India [27].

Corneal scarring may result from healing of
persistent shield ulcers, or from healed infectious
ulcers, but can also be a result of LSCD. Corneal
scarring is one of the major causes for permanent
visual loss in VKC. In one of the largest series from
India, corneal scarring was noted to be the major
complication of VKC, with an incidence of 11% [28].
CONCLUSION

Although VKC is primarily an inflammatory disease
of the conjunctiva, the cornea may be involved in a
 Copyright © 2015 Wolters Kluwe

1528-4050 Copyright � 2015 Wolters Kluwer Health, Inc. All rights rese
significant number of patients, causing compli-
cations such as shield ulcers and plaques, infectious
keratitis, keratoconus, LSCD, and scarring. These
may cause temporary visual loss, and if not man-
aged aggressively, may result in permanent visual
loss. As treatment is available to most of these
complications, it is important to recognize these
problems and treat them accordingly. Surgical
debridement and superficial keratectomy should
be performed in grade 2 and 3 ulcers and plaques.
Cultures and fortified antibiotics should be admin-
istered in infectious keratitis. Corneal cross-linking
may be performed to prevent progression of kera-
toconus; and most important, effective topical
anti-inflammatory therapy with nonsteroidal
agents may prevent or reduce the morbidity which
is associated with the corneal complications of
VKC.

Acknowledgements

None.

Financial support and sponsorship

None.

Conflicts of interest

There are no conflicts of interest.
REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest
1. Kumar S. Vernal keratoconjunctivitis: a major review. Acta Ophthalmol 2009;
87:133–147.

2. Bonini S, Bonini S, Lambiase A, et al. Vernal keratoconjunctivitis revisited: a
case series of 195 patients with long-term followup. Ophthalmology 2000;
107:1157–1211.

3. Fukuda K, Nishida T. Ocular allergic inflammation: interaction between the
cornea and conjunctiva. Cornea 2010; 29 (Suppl 1):S62–S67.

4. Trocme SD, Gleich GJ, Kephart GM, Zieske JD. Eosinophil granule major
basic protein inhibition of corneal epithelial wound healing. Invest Ophthalmol
Vis Sci 1994; 35:3051–3056.

5. Trocme SD, Hallberg CK, Gill KS, et al. Effects of eosinophil granule proteins
on human corneal epithelial cell viability and morphology. Invest Ophthalmol
Vis Sci 1997; 38:593–599.

6. Solomon A, Zamir E, Levartovsky S, Frucht-Pery J. Surgical management of
corneal plaques in vernal keratoconjunctivitis: a clinicopathologic study.
Cornea 2004; 23:608–612.

7. Trocme SD, Kephart GM, Bourne WM, et al. Eosinophil granule major basic
protein deposition in corneal ulcers associated with vernal keratoconjuncti-
vitis. Am J Ophthalmol 1993; 115:640–643.

8. Kumagai N, Yamamoto K, Fukuda K, et al. Active matrix metalloproteinases in
the tear fluid of individuals with vernal keratoconjunctivitis. J Allergy Clin
Immunol 2002; 110:489–491.

9. Kumagai N, Fukuda K, Nishida T. Synergistic effect of TNF-alpha and IL-4 on
the expression of thymus- and activation-regulated chemokine in human
corneal fibroblasts. Biochem Biophys Res Commun 2000; 279:1–5.

10. Fukuda K, Nishida T. Reciprocal interaction of the conjunctiva and cornea in
ocular allergy. J Allergy Clin Immunol 2010; 125:493–496.

11. Reddy JC, Basu S, Saboo US, et al. Management, clinical outcomes, and
complications of shield ulcers in vernal keratoconjunctivitis. Am J Ophthalmol
2013; 155:550–555; 9.

12. Kerr N, Stern GA. Bacterial keratitis associated with vernal keratoconjuncti-
vitis. Cornea 1992; 11:355–359.
r Health, Inc. All rights reserved.

rved. www.co-allergy.com 493



Eye allergy
13. Sridhar MS, Gopinathan U, Rao GN. Fungal keratitis associated with vernal
keratoconjunctivitis. Cornea 2003; 22:80–81.

14. Cameron JA, Mullaney PB. Amblyopia resulting from shield ulcers and plaques
of the cornea in vernal keratoconjunctivitis. J Pediatr Ophthalmol Strabismus
1997; 34:261–262.

15. Buckley RJ. Vernal keratopathy and its management. Trans Ophthalmol Soc
U K 1981; 101 (Pt 2):234–238.

16. Cameron JA. Shield ulcers and plaques of the cornea in vernal keratocon-
junctivitis. Ophthalmology 1995; 102:985–993.

17. Cameron JA, Antonios SR, Badr IA. Excimer laser phototherapeutic kera-
tectomy for shield ulcers and corneal plaques in vernal keratoconjunctivitis.
J Refract Surg 1995; 11:31–35.

18. Gupta A, Sharma A, Mohan K, Gupta A. Mycotic keratitis in nonsteroid
exposed vernal keratoconjunctivitis. Acta Ophthalmol Scand 1999;
77:229–231.

19. Arora R, Gupta S, Raina UK, et al. Penicillium keratitis in vernal Keratocon-
junctivitis. Indian J Ophthalmol 2002; 50:215–216.

20. Cameron JA, Al-Rajhi AA, Badr IA. Corneal ectasia in vernal keratoconjuncti-
vitis. Ophthalmology 1989; 96:1615–1623.

21. Lapid-Gortzak R, Rosen S, Weitzman S, Lifshitz T. Videokeratography find-
ings in children with vernal keratoconjunctivitis versus those of healthy
children. Ophthalmology 2002; 109:2018–2023.
 Copyright © 2015 Wolters Kluwer 

494 www.co-allergy.com
22.
&

Gautam V, Chaudhary M, Sharma AK, et al. Topographic corneal changes in
children with vernal keratoconjunctivitis: a report from Kathmandu, Nepal.
Cont Lens Anterior Eye 2015; pii: S1367-0484(15)30003-5. [Epub ahead of
print]

An interesting report from Nepal on the incidence of keratoconus and topographic
abnormalities associated with keratoconus in VKC.
23. Emre S, Baser E, Ozturk B, et al. Corneal biochemical features of patients with

vernal keratoconjunctivitis. Graefes Arch Clin Exp Ophthalmol 2013;
251:555–558.

24. Randleman JB, Khandelwal SS, Hafezi F. Corneal cross-linking. Surv Ophthal-
mol 2015.

25. Kankariya VP, Kymionis GD, Diakonis VF, Yoo SH. Management of pediatric
keratoconus – evolving role of corneal collagen cross-linking: an update.
Indian J Ophthalmol 2013; 61:435–440.

26. Saboo US, Basu S, Tiwari S, et al. Clinical and cytologic evidence of limbal
stem cell deficiency in eyes with long-standing vernal keratoconjunctivitis.
Asia Pac J Ophthalmol (Phila) 2013; 2:88–93.

27. Sangwan VS, Jain V, Vemuganti GK, Murthy SI. Vernal keratoconjunctivitis
with limbal stem cell deficiency. Cornea 2011; 30:491–496.

28. Saboo US, Jain M, Reddy JC, Sangwan VS. Demographic and clinical profile
of vernal keratoconjunctivitis at a tertiary eye care center in India. Indian J
Ophthalmol 2013; 61:486–489.
Health, Inc. All rights reserved.

Volume 15 � Number 5 � October 2015


