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SUMMARY

Previous studies have demonstrated an increased
incidence of delayed-type hypersensitivity to staphylo-
coccal antigens in patients with blepharitis, but this does
not predict subsequent development of marginal
keratitis (MK). Superantigens are potent immune-
modifying molecules produced by pathogenic organ-
isms including Staphylococcus aureus. To study
whether staphylococcal superantigens play a role in
the development of MK, conjunctival and lid margin
cultures were taken from 26 subjects with MK and 24
controls. Four of 8 eyes with their first episode of MK
grew strains of S. aureus, of which only one was
superantigen-producing. None of the subjects with
recurrent MK and only one control grew S. aureus.
We conclude that staphylococcal superantigens are
unlikely to play a central role in the development of
MK. The absence of S. aureus on the lids of subjects
with recurrent MK may reflect an alteration in lid flora
due to previous topical antibiotic and steroid treatment.

The peripheral corneal infiltrates which develop in
some patients with blepharitis (also termed marginal
keratitis, catarrhal ulcers or marginal ulcers) are
single or multiple curvilinear lesions in the peripheral
anterior corneal stroma separated from the limbus by
a rim of clear cornea and associated later with
vascularisation from the limbus. The mechanism
underlying the development of marginal keratitis
(MK) in patients with chronic blepharitis is not fully
understood. In at least a proportion of cases the
presence of blepharitis has been attributed to
exaggerated and abnormal bacterial colonisation of
the lid margins' and in 1946 Thygeson* isolated
Staphylococcus aureus from the lids of patients with
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catarrhal ulcers, implicating this organism in its
pathogenesis. In 1962, however, it was shown that
the marginal ulcers themselves are sterile’ An
immune reaction to antigens present on the
blepharitic 1lid margin is suggested by the
observations that these ulcers are sterile, steroid-
responsive and originate at the 10, 2, 4 and 8 o’clock
positions where the lids cross the corneal periphery
in which antigen-presenting cells are most numerous.
The development of MK has therefore been sug-
gested to be due to delayed-type hypersensitivity to
S. aureus antigens on the lids of patients with
blepharitis.

The term ‘superantigen’ (SAg) was first coined in
1989 to describe a group of molecules produced by
pathogenic organisms and capable of inducing
activation, deletion and anergy®’ in a large propor-
tion of the T lymphocyte cell (and possibly B
lymphocyte cell®) population.

SAg have been shown to be produced by the
Gram-positive cocci S. aureus (e.g. toxic shock
syndrome toxin-1 and enterotoxin B) and Strepto-
coccus pyogenes (streptococcal pyrogenic exotoxins),
by Mycoplasma arthritidis and by some retroviruses,
and have been implicated in the pathogenesis of
diseases as diverse as rheumatoid and mycoplasma
arthritis,’ Kawasaki disease, toxic shock syndrome,
scalded skin syndrome and the post-streptococcal
autoimmune disorders.'”

The aim of this study was to establish whether
SAg-producing Staphyloccus aureus strains are
present on the eyelid margins and conjunctiva of
patients with MK, suggesting a role for these toxins
in the pathogenesis of MK.

PATIENTS AND METHODS

Patients and controls were drawn from consecutive
cases presenting to the eye department of Newcastle
General Hospital over a 6 month period. The
patients were diagnosed as having MK on the basis
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of clinical findings of single or multiple curvilinear
lesions in the peripheral anterior corneal stroma
separated from the limbus by a rim of clear cornea
associated with blepharitis. No patient had experi-
enced symptoms for longer than 7 days prior to
swabs being taken. Patients with lid margin culture-
negative and culture-positive swabs had been symp-
tomatic for similar periods before swabs were taken.

All patients were treated with a combination of
topical antibiotics and topical steroids. In none of the
cases was the diagnosis changed on subsequent
follow-up. Patients with MK were excluded from
the study if they had previous unrelated corneal
pathology, were contact lens wearers, or had recently
received, or were currently receiving, topical or
systemic antibiotics. In the MK group 8 of the 26
patients had no previous history of the disease. Nine
of the remaining 18 patients were observed to have
had one previous episode of MK. All other MK
patients were observed to have had two or more
episodes of MK. None of the patients with a past
history of MK had received topical antibiotics or
corticosteroids in the preceding 6 months.

Twenty-four age- and sex-matched controls were
drawn from patients presenting to the eye depart-
ment with non-corneal eye disease (e.g. cataract).
None of the controls had a history or signs of acne
rosacea.

In both patients and controls, both eyes (con-
junctival and eyelid margins) were sampled with a
cotton-tipped swab. Swabs were plated out onto
horse-blood and chocolate agar plates. The swab was
then broken off into Todd and Hewitt nutrient broth.
Agar plates and broth were incubated at 37 °C in a
5% COg/air atmosphere for 18 hours. Ten microlitres
of broth was sub-cultured onto blood agar which was
incubated as above. Colonies of Staphylococcus
aureus on agar plates were identified by Gram strain,
catalase, Staphaurex and tube coagulase tests. All
isolates of S. aureus were tested for enterotoxin A, B,
C, D and toxic shock syndrome toxin-1 (TSST-1) by
reverse passive latex agglutination (Unipath) by the
Food Hygiene Laboratory, Central Public Health
Laboratory, Colindale, London.

RESULTS

S. aureus was isolated from one of 24 control swab
samples, but this was not a SAg-producing strain.

The only subjects from whom S. aureus was
isolated in the MK group were those suffering their
first episode of MK. Swab samples from 4 of the 8
patients (50%) with their first episode of MK grew S.
aureus. However, only one of the four isolates of S.
aureus was SAg-producing. The SAg produced by
the S. aureus isolate was TSST-1. The overall
isolation rate for S. aureus in the MK patients was
15%.

Conjunctival and eyelid margin swab results from
the MK patients are summarised in Table I.

DISCUSSION

A role for cell-mediated hypersensitivity to S. aureus
in the pathogenesis of MK was supported by the
findings of Mondino et al.'' who produced a rabbit
model of ulcerative blepharitis in which rabbits
required a combination of both systemic (intrader-
mal or subconjunctival) immunisation with S. aureus
cell wall and repeated topical application of viable S.
aureus to develop corneal infiltrates and phlyc-
tenules. Rabbits that received topical S. aureus
alone did not develop such lesions, suggesting that
systemic immunity (and therefore possibly cell-
mediated immunity) to S. aureus is necessary for
their development. It is worth noting, however, that
less than 50% of the systemically immunised rabbits
actually developed corneal infiltrates or phlyctenules.

In human subjects Ficker et al.'* found that 9 of 11
patients with a history of MK had enhanced cell-
mediated immunity to S. aureus and 8 of 11 to
staphylococcal protein A. In a second study Ficker et
al.®> showed that enhanced cell-mediated immunity
to S. aureus could be demonstrated in 46 of 116
(40%) patients with blepharitis in the absence of
antibodies to the staphylococcal antigen teichoic
acid, but not among controls. However, the incidence
of MK and the isolation rate of S. aureus from the
lids were not significantly different in patients with
and without enhanced cell-mediated immunity to S.
aureus,”> thus suggesting that the presence of
delayed-type hypersensitivity to S. aureus is neither
a prerequisite nor the sole explanation for the
development of MK. Isolation of §. aureus from
eyelids of normal subjects has been previously
described.'*

Although cell-mediated immunity to S. aureus
does not appear to be present in all patients with
MK,'*? a cell-mediated immune response to anti-

Table I. Conjunctival and lid margin swab results from marginal keratitis (MK) patients

S. aureus isolated from

S. aureus isolated from Superantigen toxin

No. of patients Previous episodes of MK MK eye fellow eye isolated (no.)
8 None 4 0 TSST-1 (1)
9 1 0 0 0)

2 2 0 0 (0)

7 >2 0 0 (0)

TSST-1, toxic shock syndrome toxin-1.
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gens on the lids is suggested by the sterility, steroid
responsiveness and location of these ulcers in the
corneal periphery where antigen-presenting cells
(APC) are most common.

Conventional antigens are processed and then
presented to T cells in combination with major
histocompatibility complex (MHC) molecules
present on APC: class I MHC molecules are only
expressed by APC and are recognised by cytotoxic T
cells, whereas MHC class II molecules are present on
all cells (except erythrocytes and trophoblasts) and
are recognised by helper T cells. The antigen
specificity of a given T cell clone is determined by
the unique combination of variable elements of its T
cell receptor (V and J of the alpha region and V, D
and J of the beta region). In contrast, SAg bind to the
outer wall of the peptide-antigen binding groove on
APC" without being processed and are recognised
by the V beta region of the T cell receptor alone.
This means that all T cell subsets carrying a given V
beta region are capable of recognising the same SAg
and that binding is no longer MHC-restricted, with
both cytotoxic and helper T cells responding to SAg
presented by APC cells in this way. As there are only
a few possible V beta sequences, up to 25% of all T
cells are capable of recognising a given SAg as
compared with approximately 0.1% capable of
responding to a conventional antigen.'® SAg have
been implicated in localised inflammatory disorders
such as rheumatoid arthritis, mycoplasma-induced
arthritis, post-streptococcal glomerulonephritis and
the scalded skin syndrome.

Our aim was to establish whether bacterial SAg
from lid margin and conjunctival colonisation may
play a part in the aetiology of MK. In this study, the
isolation rate for S. aureus from eyelid margin and
conjunctival swabs was 15%. This compares with
25-27% in previous studies.>'> Although S. aureus is
believed to be a transient coloniser of the lid margin,
the fact that both culture-positive and culture-
negative patients had experienced symptoms for
similar periods suggests that the absence of S. aureus
on the lid margin in patients with recurrent MK may
be significant. It is possible that patients with
recurrent MK suffer chronic but variable lid margin
colonisation with S. aureus, but it seems unlikely that
we would fail to identify this in any of the patients
with recurrent MK. However, all patients with a
previous history of MK had received treatment with
antibiotics and corticosteroids as part of their
medication regime in the past, which may have
altered the bacterial flora in these subjects.

It is interesting to note that the only subjects from
whom we did culture S. aureus were those suffering
their first episode of MK, and that the isolation rate
in these subjects was 50%. Earlier reports have not
documented different rates of isolation for S. aureus
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depending on the number of previous MK epi-
sodes>!? and the significance of these findings in this
small study is therefore unclear. Only one of four
strains of S. aureus produced SAg toxins, which is in
keeping with the observation that approximately
25-40% of all S. aureus strains produce SAg,'”'® and
implies that there is no increase in the rate of
superantigenic strains on the conjunctiva and eyelid
margins of patients with MK. The numbers isolated
were small, but while it is possible that we failed to
identify some SAg-producing strains it is unlikely
that all these patients were colonised with SAg-
producing strains, suggesting that SAg production by
S. aureus on the eyelid margins and conjunctiva is
unlikely to be the primary aetiological factor in the
development of MK.

A further study with increased numbers of subjects
may be necessary to gain a picture of the toxins
produced by the lid flora in isolated blepharitis.
However, studies by Dougherty et al.>> have shown
that S. aureus colonisation of the lids is uncommon in
most types of blepharitis apart from staphylococcal
and mixed staphylococcal/seborrhoeic blepharitis.
This suggests either that the aetiology of MK is
multifactorial and the presence of S. aureus on the
eyelids is simply a contributing factor, or that S.
aureus is not involved in the pathogenesis of MK. A
multifactorial model of MK could be envisaged in
which some blepharitis patients develop mechanical
or bacterial lipase-induced'"'**° damage to the
cornea at sites where the corneal periphery is in
contact with the inflamed lids, resulting in contact
between APC and various bacterial antigens on the
lids to produce an area of cell-mediated inflammation
which spreads circumferentially and stimulates vas-
cularisation if unchecked. At present the pathogen-
esis of MK and in particular the existence of a single
triggering factor remains unclear. However, it
remains a possibility that these corneal infiltrates
represent the immune response to the presence of S.
aureus toxins of various types on the eyelids of at
least a sub-group of patients. It may be worth
considering the in vitro response of patient’s lym-
phocytes to the SAg and comparing this with controls
in a future study.

We would like to thank Dr J. McLauchlin, Food Hygiene
Laboratory, CPHL, London, for enterotoxin and TSST-1
testing.
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