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Limbal Vernal Keratoconjunctivitis: Clinical
Characteristics and Immunoglobulin E Expression
Compared with Palpebral Vernal
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Summary

Limbal and palpebral vernal keratoconjunctivitis (VKC) are usually considered to
be different expressions of the same disease. This single centre population of 120
patients with VKC had 32 patients with limbal VKC, 54 with palpebral VKC and 34
with mixed palpebral and limbal VKC. There were higher proportions of females
(p = 0.015) blacks, Indians and Asians (p = 0.0001) in the limbal group and fewer
limbal patients had other atopic diseases (p = 0.03). The age of presentation was
similar for all groups; 87/112 (78 per cent) presenting before the age of 16. The
follow-up period was shorter in the limbal VKC patients (p = 0.004) suggesting a
shorter disease course. Only one limbal VKC patient developed corneal opacities
compared to fifty (47 per cent) with palpebral or mixed VKC, 24 (27 per cent) of
whom lost vision. Tear and serum levels of total IgE and specific IgE to the major
inhalent allergens cat, house dust mite and grass pollen were compared in 17 patients
with palpebral or mixed VKC and ten with limbal VKC; no statistically significant
differences were shown. However the significant variations in sex, racial distribution
and associated atopic disease suggest that limbal VKC may be a different disease

from palpebral VKC although this is not expressed in terms of IgE production.

The clinical classification of vernal keratocon-
junctivitis (VKC) into limbal, palpebral and
mixed types of the disease was established by
Emmert in 1888 and has been widely used
since. In his influential text Beigleman com-
mented that, although the preponderance of
the mixed type increased depending on the
length of observation and thoroughness of the
study, there were undoubtedly regional varia-
tions in the prevalence of these types. He also
noted that the type of lesion, and degree of
involvement, might vary considerably in dif-
ferent parts of the same conjunctiva; in his

concluding statement on classification he sug-
gested that these different types of VKC are
different expressions of the same disease.!
Subsequent texts have concurred with this*?
as well as supporting the view that regional
and racial variations in the prevalence of the
different forms of VKC exist with the limbal
form predominant in blacks and the palpebral
in whites.?">” The implications of this for the
pathogenesis of VKC have not been dis-
cussed. In this study we have examined differ-
ences in the clinical characteristics and IgE
expression in one population of subjects with

From: *Department of Clinical Ophthalmology, Institute of Ophthalmology and Moorfields Eye Hospital.
tDepartment of Allergy and Allied Respiratory Disorders, Guys Hospital.

Correspondence to: JKG Dart FRCS, Department of Clinical Ophthalmology, Moorfields Eye Hospital, City

Road, London EC1V 2PD.



LIMBAL VERNAL KERATOCONJUNCTIVITIS

VKC to evaluate whether limbal, palpebral
and mixed VKC show evidence of variations
in pathogenesis.

Study Group and Methods

Subjects

The records of all 120 patients who had
attended a single clinic at Moorfields in the
two years to August 1 1988, and in whom a
diagnosis of VKC was made, were included.
Each was classified as limbal, palpebral or
mixed disease. The total numbers in each
group, their age, sex, race, history of the other
major atopic diseases (eczema, asthma, hay-
fever, perennial allergic rhinitis), the age of
onset and the follow-up period were
recorded.

Of these patients, 10 with limbal VKC and
17 with palpebral or mixed VKC had paired
samples of tears and serum collected for IgE
estimation. Samples were also collected from
14 healthy controls without a history of atopic
disease.

Definition of VKC types

Limbal VKC was distinguished from pal-
pebral VKC by the development of papillae at
the limbus without giant papillary formation
on the tarsal conjunctiva. The palpebral form
was distinguished by giant papillae on the
upper tarsal conjunctiva without limbal
papillae. Patients showing both giant papillae
and limbal papillae were classified as mixed.
Although Trantas’s dots are commonly associ-
ated with limbal papillae they were not con-
sidered pathognomonic of limbal VKC
because they have been frequently reported at
other sites.

Collection of samples for IgE estimation
Blood was collected by venepuncture into
plain sterile tubes and tears with cellulose
sponges before separation and storage at —70
degrees C as previously described.?

IgE estimation

IgE estimation was carried out on all samples
at the end of the study. Total IgE was
measured by a micro paper radioimmunosor-
bent test (PRIST) and specific IgE to grass
pollens, cat dander and house dust mite by a
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micro radioallergosorbent test (RAST) as
described previously.’ The PRIST assay util-
ises anti-IgE coated paper discs to fix IgE in
the sample, RAST uses allergen coated paper
discs, which is subsequently detected with '%1
anti-IgE. The micro PRIST and RAST differ
from the conventional tests by being mini-
aturised. With these assays as little as 5ul of
sample can be used without loss of sensitivity.?
The normal range of serum IgE in our labora-
tory is 2-100 Iu/ml. Similarly wide interin-
dividual variation in total tear IgE levels have
been shown;!*!' as there are no established
norms for these levels, or for levels of specific
IgE in serum or tears, we have not used a cut
off but recorded all patients with measurable
levels. The specific activity ratio of Platts-
Mills was used to determine the proportion of
specific antibody locally produced by con-
junctival and lacrimal tissue.'?

Statistics

Qualitative data were analysed with Fisher’s
exact test or the Chi square test and quantita-
tive data by the Kruskal Wallis one-way ana-
lysis of variance (ANOVA) for multiple
variables and the Mann Whitney U test for
two variables.

Results

Table I shows the results of the comparison of
the clinical characteristics of the three groups.
There was no statistically significant differ-
ence in the age of the patients in each group or
in the age of the patients at the onset of the
disease. Eighty-seven (78 per cent) of all
patients developed the disease before the age
of 16 years. For the remaining criteria there
were significant differences between limbal
and palpebral or mixed disease, with a pre-
ponderance of females with limbal VKC
(p =0.0157), Caucasians with palpebral and
mixed VKC (p = <0.0001), subjects with a
history of other atopic diseases in palpebral
and mixed VKC (p = 0.0329) and a shorter
follow up period for limbal VKC (p = 0.0039).
Corneal scarring and loss of vision were
recorded almost exclusively in patients with
palpebral or mixed disease (p = <0.0001)
occurringin only one patient with limbal VKC
and 50 (47 per cent) with palpebral and mixed
VKC of whom 24 (27 per cent) lost vision.
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Table I Comparison of the clinical characteristics of VKC sub-groups in the study population

Mixed limbal (%)

Limbal (%) Palpebral (%) and palpebral P value
Numbers (n =120) 32 (27%) 54 (45%) 34 (28%)
Ages (n=119)
Range 3-40 241 8-41 0.148>
Mean 16 16 19
Sex (n = 120)
M:F 21:11 49:5 26:8 0.0152
0-15 yrs 53 (44%): 9 (8%)
<16 yrs 42 (35%):15 (13%) 0.016
Race (n=119)
Caucasian 10 (31%) 42 (79%) 26 (76%)
Negroid 13 (41%) 8 (15%) 6 (18%)
Other 9 (28%) 3 (6%) 2 (6%) <0.0012
Age of onset (n=112)
Range 2-34 3-25 3-39 0.609°
Mean 12 10 10.5
Follow-up period (n = 116)
Range 0.25-27.5 0.25-21.5 1-19.25 0.004>
Mean 4.6 7.1 8.3
Other atopic disease (n = 118)
Present 18 (60%) 44 (81%) 28 (82%) 0.033«
Corneal scars (n = 120)
Present 1 (3%) 32 (59%) 18 (53%) <0.0012
Vernal plaque — 21 (39%) 11 (35%)
Keratectomy — 13 (24%) 10 (29%)
Loss of vision — 13 11

aChi square test.
bKruskal Wallis one way analysis of variance.

Scarring resulted from either macroerosion or
vernal plaque. Twenty-two eyes (21 patients)
with palpebral VKC had plaques requiring 13
superficial keratectomies (for failure to epi-
thelialise') and 12 eyes (11 patients) with
mixed VKC also developed plaque requiring
10 superficial keratectomies.

Table II shows that there was no difference
in the proportion of patients with limbal and
palpebral or mixed disease who had elevated
levels of total serum IgE (normal range
2-100 Iu/ml) or measurable levels of total IgE
in tears and specific IgE in either tears or
serum. The proportions with elevated values
were higher than those of the controls except
for tear specific IgE to cat and mite where the
numbers were small. Similarly there was no
significant difference in the absolute levels of
bothtotal and specific IgE although there was
a trend towards higher levels in the subjects

with palpebral disease. The specific activity
ratio showed evidence of local production in
11/13 for grass, 2/4 for cat and 5/5 for dust
mite.

Discussion

Clinical characteristics

Vernal keratoconjunctivitis is a rare condition
in most northern countries although it is rela-
tively common in Africa, the Mediterranean,
Central and South America. It typically
develops in teenage males and resolves after a
2-10 year course.'**7 The reasons for this
have been addressed infrequently since
Beigleman stated in 1950 that no firm con-
clusion on the incidence of minor endo-
crinopathies could be reached.! One more
recent series of experimental and clinical
studies has supported the proposal that the
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Table II
Serum (%) Tear (%)
Palpebral Palpebral
Limbal or mixed Control Limbal or mixed Control
Total IgE®
n 10 17 14 10 15 14
n>100 Iu/ml 9 (90%) 15 (88%) 0
n measurable 7 (710%) 15 3 (21%)
Range (Iu/ml) 16-35720 41-75800 7-50 0-1090 5-9651 7-13
Median 1425 1130 28.5 8.5 48 0
Mean 8146.9 7032.5 32.4 128.2 767.5 2.07
SD 12821.7 18426.0 25.4 339.9 2466.58 4.29
Specific IgE®
Grass
n 10 17 14 10 15 14
n measurable 9 (90%) 16 (94%) 4 (29%) 6 (60%) 11 (73%) 2 (14%)
Range (u/ml) 0-1901 0-92603 0-50 04130 0-401 0-80
Median 379 439 0 16.5 31 0
Mean 619.3 6506 6.8 479.5 77.6 7.1
SD 662.9 23260.2 14.2 1289.6 115.5 21.6
Cat
n 10 17 14 10 16 14
n measurable 10 17 4 (29%) 2 (20%) 3 (19%) 1 (7%)
Range (u/ml) 0-1772 30-979 7-315 0-38 0-275 6
Median 109 131 18 0 0 0
Mean 343.6 259.2 43.7 4.7 31.1 0.4
SD 540.2 273.6 82 12 79.9 1.6
Mite
n 10 17 14 9 16 14
n measurable 9 (90%) 14 (82%) 2 (14%) 1 (11%) 3 (19%) 1 (7%)
Range (u/ml) 0-608 0-1558 0-196 106 0-653 941
Median 147.5 49 0 0 0 0
Mean 206.1 161.9 14.4 11.7 65.4 67.2
SD 185.8 367.3 52.3 35.3 178.5 251.5

Statistical analysis

There was no difference in the proportions of subjects with elevated or measurable IgE between limbal and
palpebral or mixed VKC for total or specific IgE in tears or serum at the 1% level. Compared with the controls a
higher proportion of VKC subjects had elevated IgE levels at the 1% level except for tear IgE against cat and mite
for which differences were not significant. The absolute levels of IgE were significantly higher in the VKC
subjects than controls at the 1% level but there were no differences between limbal and palpebral VKC. Tear IgE
to cat and mite were not analysed because the numbers were small.

*Measured by PRIST in Iu/ml.

bMeasured by RAST in u/ml (1 u/ml = approx. 0.1 ng/ml).

development of the disease was associated
with hypogonadism and hypoadrenalism in
males but not in females. Part of their clinical
evidence was based on the observation that
the disease was more prevalent in males under
the age of 15 years but in females above 16
years!* confirming some previous obser-
vations.! In our series although the proportion
of females was higher above the age of 16
years the difference was not statistically sig-

nificant. However the significantly higher pro-
portion of females with limbal disease found
in our series has not been remarked on in the
recent literature. The preponderance of lim-
bal VKC in blacks has frequently been noted
before!>>7 but attention has not been drawn
to the difference in the prevalence of the lim-
bal and palpebral forms of VKC in different
races in a single centre population. This pro-
vides strong evidence for genetic rather than
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environmental factors in determining the
development of the different forms of the
disease. Further evidence for the importance
of genetic factors, which also implies a differ-
ence in the immunopathology of the different
forms, is our finding that significantly fewer
patients with limbal VKC had associated
atopic diseases. The shorter follow-up period
in the limbal VKC group suggests that this
form of the disease may have a shorter dura-
tion than the palpebral form in our popula-
tion. These findings infer a markedly different
response to similar stimuli in genetically dif-
ferent groups and it may be an over simplifica-
tion to consider limbal, palpebral and mixed
VKC as different expressions of the same
disease.!”

Clinical signs

Limbal VKC

In our study limbal VKC was distinguished
from palpebral VKC by the development of
papillae at the limbus without giant papillary
formation on the tarsal conjunctiva although a
papillary reaction with infiltrate was present.
Trantas’s dots are commonly associated with
limbal papillae but are not considered to be
pathognomonic of limbal VKC as they have
been frequently recorded from the bulbar and
palpebral conjunctiva. Pseudogerontoxon,*®
a term coined by Beigelman, is common in
severe limbal disease with a similar appear-
ance to arcus senilis although subtle differ-
ences have been described.! Severe
keratopathy resulting from central extension
of limbal vegetations has been reported in the
literature'? but is now rarely seen due to the
advent of more effective treatment.

Palpebral and Mixed VKC

In the palpebral form there are giant papillae
on the upper tarsal conjunctiva. During exac-
erbations of the disease corneal involvement
is common and begins with a punctate epi-
thelial keratopathy to which abnormal
mucous adheres. This may be followed by the
development of macroerosion that is often
complicated by a vernal plaque that involves
Bowman’s membrane and interferes with cor-
neal re-epithelialisation.! Thirty-two patients
in our series with palpebral or mixed VKC
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developed plaque whereas none of the
patients with limbal VKC had this compli-
cation. The absence of this type of kera-
topathy in limbal disease may be because
there is less associated inflammatory activity
in the palpebral conjunctiva. It is likely that
these corneal manifestations are due to the
toxic effects of inflammatory products such as
eosinophil major basic protein rather than the
mechanical effect of the giant papillae.'
The mixed form of the disease shares the
characteristics of both limbal and palpebral
forms.

Histopathology in limbal and palpebral VKC
The light microscopic findings in VKC have
been well described!*!7 and have not sug-
gested that any differences might exist in the
immunopathology of limbal and palpebral
VKC. The principal findings have been of
infiltration of the conjunctival substantia
propria by lymphocytes, plasma cells, neu-
trophils, histiocytes, eosinophils and fibro-
blasts with hyperplasia and hyalinisation of
collagen. The epithelium shows both pro-
liferative and degenerative changes and also
contains these inflammatory cells. One group
has also noted basophil infiltrates in palpebral
vernal conjunctivitis.'®!'* Mast cells are more
numerous during remissions but plasma cells
and lymphocytes less so.!” Giant papillae con-
sist of dense fibrous tissue containing the same
population of inflammatory cells already
described. The main difference between lim-
bal and palpebral VKC is the enormous epi-
thelial overgrowth in limbal VKC with solid
downward extensions of epithelial plugs often
incorporating 3040 layers of cells.!? Electron
microscopic findings have been carried out on
palpebral but not limbal cases.'! These
studies have added to the light microscopic
findings by showing that the epithelial cells
have evidence of greatly increased secretory
activity.?

It is not surprising that the limbus is
involved in VKC as the limbal palisades pro-
vide the only true papillary structures in the
conjunctiva containing vessels, nerves and
lymphatics.? The bulbar conjunctiva presents
the same histological picture as the limbal and
tarsal findings without the giant papillary
hypertrophy,! possibly due to the loose
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attachment of the conjunctiva to the bulbar
fascia. This may allow the increase in tissue
volume to be distributed evenly rather than in
nodules constrained by the firm attachments
of the conjunctiva to the underlying structures
at the limbus and tarsus.

Immunopathology

Limbal VKC is one of the atopic diseases of
the eye in which Type 1 or anaphylactic hyper-
sensitivity, resulting from IgE mediated mast
cell degranulation, is an important pathogenic
mechanism.>>7” The evidence for this is the
association of many cases with other atopic
diseases; the presence of high densities of
mast cells and eosinophils in the conjunctiva;
the presence of histamine and eosinophil
major basic protein in the tears; elevated
levels of total and specific IgE in the tears,
where IgE is locally produced,'*!"?-2* and
serum of some patients and a response to
treatment with the mast cell stabiliser sodium
cromoglycate in some cases.

We examined the levels of total and specific
IgE levels in VKC and compared limbal with
palpebral or mixed VKC. This followed our
previous finding that IgE specific antibody
production to house dust mite distinguished
perennial from seasonal allergic con-
junctivitis.* Limbal VKC was compared with
the pooled results from patients with pal-
pebral and mixed disease after we had shown
that the clinical characteristics of palpebral
and mixed disease were very similar com-
pared to limbal VKC. Neither total nor
specific IgE levels were different in the two
groups of VKC patients, either for the propor-
tions with raised levels, or the absolute levels.
For total IgE and most specific IgE the levels
were higher in the palpebral group although
the differences were not statistically signifi-
cant. Nearly all the VKC patients had ele-
vated levels of total serum and tear IgE
compared to the control group in which this
was rare. These findings are similar to those
reported by other authors.?>? In addition the
measurable levels of specific serum IgE for
grass, cat and mite antibodies were higher and
present more frequently compared to controls
and there was evidence of local production in
most cases. However only very few of the
VKC subjects, not significantly greater than
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the proportions for controls, had measurable
levels of tear specific IgE against cat and mite.
The proportions of patients with elevated
levels of tear and or serum specific antibodies
is higher than that shown by Sompolinsky?*-**
who has pointed out that the disease is not
seasonal in his study area, unlike ours, sug-
gesting that different allergens may be impor-
tant in different geographic regions.

Several findings suggest that hypersen-
sitivity mechanisms other than Type 1 may be
important in some cases of VKC. The pres-
ence of patients with VKC who have no per-
sonal or family history of atopy? varying from
16-100 per cent in different reports;' the pro-
portions of patients with positive intradermal
skin prick tests varies with most series con-
taining unresponsive patients;'?® a sub-group
of patients with either limbal or palpebral
VKChave normallevels of IgE, although only
7 per cent for this series up to 30 per cent have
had normal levels in serum and tears in
some.?* These patients may represent a sub-
group of VKC with a differentimmunopathol-
ogy?™* and in whom treatment directed at IgE
stimulus dependant mechanisms, such as
sodium cromoglycate, may be of little
value.?®3 In this sub-group it is possible that
IgG antibodies may have reaginic (Type 1)
activity.® However the role of these anti-
bodies remains controversial and has not been
investigated in VKC. Further evidence for an
alternative immunopathology derives from
histological and  immunohistochemical
studies. Basophils have been identified in
large numbers in palpebral VKC which,
together with disruption of vascular endo-
thelial cells, indicates that a delayed basophil
hypersensitivity mechanism may be impor-
tant.!”!® The evidence for a delayed hyper-
sensitivity response in animal models is
conflicting with some studies showing recruit-
ment of both eosinophils and basophils® and
others, using different induction methods and
histological  techniques, showing an
eosinophil response alone.*3* Only one
similar study has been carried out in limbal
VKC in which it is interesting that immu-
nohistochemistry did not find basophils pres-
ent in large numbers although the findings did
suggest the presence of delayed type hyper-
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sensitivity in addition to
hypersensitivity.*

Recent studies showing heterogeneity in
the effector cell populations in Type 1 medi-
ated diseases may be relevant to differences in
VKC sub-groups. It has been shown that at
least two subclasses of mast cells exist in
humans; these can be recognised by their neu-
tral protease composition or their histochemi-
cal characteristics.’*¥ This heterogeneity
reflects that found in rodents which have dis-
tinct connective tissue and mucosal popula-
tions of mast cells. These differences are
reflected in a functional heterogeneity in
which the profiles of responsiveness to anti-
allergic agents differ.3¢3 The question of dif-
ferential activation, differentiation, and
proliferation of human mast cell types in dif-
ferent tissues and different clinical conditions
may be important to understanding differ-
ences in the clinical characteristics and
response to therapy of allergic diseases.”
Mast cell heterogeneity is only one aspect of
this problem and eosinophil heterogeneity
and variations in the role of other immune
effector cells must be considered.>*4

anaphylactic

Conclusion

Our study provides some evidence for con-
sidering that limbal vernal may be a different
disease entity from palpebral or mixed vernal
as, in our multiracial single centre population,
these groups were significantly different in
terms of race, sex, atopic history and time
course. These differences were not expressed
in terms of either total or specific IgE produc-
tion in this study and are more likely to be the
resultof other possible variationsin the inflam-
matory response and the relative importance
of different hypersensitivity responses. Other
studies suggest that in many individuals with
VKC there may be both anaphylactic IgE and
cell mediated hypersensitivity. In addition
they suggest there is a sub-group of VKC
patients who do not have evidence of a Type 1
hypersensitivity in which IgE is a major media-
tor. An IgG mediated Type 1 response may
occur or more probably different types of
delayed hypersensitivity may be important. In
recent years the different types of VKC have
been thought to have a similar pathogenesis.
One recent study of the cytology and immu-
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nohistochemistry in limbal VKC* has shown
differentimmunopathology from some studies
of palpebral VKC.!7*® Also recent studies of
effector cell heterogeneity in other diseases
suggest that differences in the immu-
nopathogenesis may exist that could not have
been identified with previous techniques.
Functional heterogeneity in effector cell popu-
lations may explain differences both in the
clinical characteristics and the response to dif-
ferentdrugs. As the number of available drugs
increases and their action becomes more
specific, understanding the pathogenesis of
these diseases at the cellular level will be neces-
sary. In any further studies, particularly of the
immunopathology of VKC, it will be impor-
tant to distinguish clinical types before analy-
sis. In addition, the shorter course of limbal
VKC and its lower morbidity compared to pal-
pebral VKC inour population provides useful
prognostic information for the management of
this chronic disabling ocular disorder.

We thank Roger Buckley FRCS for his help and for
access to his patients and their records.
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