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The enigma of herpes stromal disease
JAMES McGILL

From Southampton Eye Hospital, Wilton Avenue, Southampton S09 4XW

SUMMARY Herpes stromal disease is due to direct damage as a result of viral replication, virally
induced immune mechanisms, or a combination of the two. Viral replication may have a major
initiating role in the production of herpes simplex and herpes zoster induced stromal disease, and
steroids may initially be harmful in their treatment. On topical antiviral drugs alone, in patients
who never previously had had topical steroids, 14 of 15 cases of herpes simplex induced disciform
keratitis responded favourably in an average of 44 days of treatment. This compared with one out
of 14 responding if steroids had previously been used, 13 of 14 requiring topical steroids and an
average 112 days' treatment. In herpes zoster stromal disease cases 78% had epithelial
involvement, 54 of 57 responded to topical antivirals alone without the use of steroids, 2%
recurred, and treatment averaged a total of 62 days. If steroids were used alone or in combination
with antivirals, there was a 50% recurrence rate and 200 day total treatment duration.

Two sorts of herpetic infections affect the corneal
stroma, namely those due to herpes simplex and
those due to herpes zoster infection. Both conditions
present peculiar and testing diagnostic or therapeutic
problems in many cases, and both conditions are
often difficult to treat, prone to recurrences leading
to corneal scarring, progression of disease to other
parts of the eye not initially affected, and much visual
loss. It is uncertain whether stromal disease is caused
by viral replication alone (leading to cytolysis), by
virally induced immunological mechanisms, or a
combination of both, and this uncertainty is reflected
in the inadequacy of treatment of these conditions.

Traditionally both conditions have been treated
with steroids, but treatment has been prolonged,
with frequent recurrences, and it is sometimes diffi-
cult to wean a patient completely off low dose
maintenance topical steroids. Often despite treat-
ment the disease spreads to parts of the eye not
initially affected.' Furthermore steroids, apart from
being associated with local side effects, can lead to a
continuation of the disease process by enhancing
viral replication and suppressing local immune and
defence mechanisms, and this could explain the
chronicity of the disease.
The aim of this paper will be to present evidence

that viral replication plays a major part in the disease
process, and that early antiviral drug treatment of
these two conditions has many advantages and is
possible without the concomitant use of steroids.
Correspondence to J McGill, FRCS.

Herpes simplex stromal disease

Herpes simplex virus infection is common through-
out the world and in the United Kingdom represents
the commonest infectious cause of blindness, with
2-3% of all cases being notified to the central
register.2 Stromal disease occurs in 25% of patients
after their first herpes simplex epithelial ulcer,34 with
75% occurring within the first year. If topical steroids
are used in the initial ulcerative attack, there is a
higher incidence of stromal disease.35 There are two
sorts of stromal response, that underlying an active
epithelial ulcer, 4nd that occurring some time after
the epithelial lesion has healed, or indeed occurring
without a preceding epithelial lesion. In the latter
case the typical stromal lesion of disciform keratitis is
a centrally localised infiltration with oedema and
swelling of the corneal stroma, folds in Descemet's
membrane, and sometimes secondary glaucoma,
uveitis, or occasionally an overlying dendritic ulcer.
Alternatively the lesion may be eccentric or occupy
the entire cornea. The exact classification, though, of
the herpes simplex induced stromal diseases must
await the determination of the exact and relative role
of virus replication and immune mechanisms.

Herpes zoster stromal disease

Herpes zoster infections occur in 0-2% of the popula-
tion, with the trigeminal nerve the most commonly
involved. Of these cases ocular involvement occurs in
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The enigma ofherpes stromal disease

Table 1 Herpes zoster keratouveitis: a retrospective
analysis of112 patients, ofwhom 82 had epithelial lesions,
showing the incidence ofstromal lesions and uveitis
subsequently developing

Disciform Localised Uveitis
keratitis infiltrate

No. % No. % No. %

23 20-5 31 27-6 81 72.3
With preceeding

epithelial lesion (82) 18 78.3 24 77-4 77 95
No preceeding

epithelial lesion (0) 5 21-7 7 22-6 4 5

over 50%. In the acute phase 50-73% will develop
epithelial involvement, either a punctate kerato-
pathy or pseudodendritic formation.67 In a recent
retrospective analysis of 112 patients 42 (37-5%)
developed stromal disease after previous epithelial
involvement as opposed to only 12 patients (10.7%)
developing stromal disease with no preceding
epithelial involvement. In other words, if there had
been previous epithelial involvement, over 50% (42
out of 82) developed stromal disease (Table 1).

In the same analysis it was found that anterior
stromal nummular infiltrates or passages were geo-
graphically related to previous epithelial disease in
92% of patients, occurring soon after the onset of
epithelial disease itself. Disciform keratitis occurred
in 20% of patients, and characteristically after a
delayed interval-after more than 21 days-78%
having had previous epithelial disease. Uveitis
occurred in 72% of all patients, only 5% ofwhom had
not had preceding epithelial disease. Late epithelial
disease, including delayed mucous plaques associ-
ated with corneal anaesthesia and previous epithelial
disease, and neuroparalytic and exposure keratitis,
represents epithelial disturbance rather than active
viral invasion, for no herpes zoster virus has been
isolated from these lesions.

Corneal response to viral infection

When viral infection takes place, tear immunopro-
teins such as IgA and IgG act to neutralise the virus
and prevent it colonising the epithelial cells. Once
this has occurred, though, viral replication takes
place within the cells, which are destroyed, an ulcer
results, and free virus is released. Either virus
penetrates the stroma, enters the keratocytes, repli-
cates, and leads to cytolysis, which in itself leads to
an acute inflammation, or soluble viral antigen
permeates from the surface and becomes attached to
the stromal keratocyte membranes, altering their
membrane antigenicity and setting up an immune

reaction. Finally, incomplete viral particles can enter
the stroma, setting up an immune reaction. In herpes
simplex stromal disease the local cellular or immune
reaction is mainly T cell mediated, with sensitised
lymphocytes producing cytotoxicity by way of a local
cell mediated hypersensitivity. Natural killer T cells,
whose action is not dependent on previous sensitisa-
tion, may also play a part, for they have been shown
in graft rejection to destroy donor endothelial cells.8
Thus the stromal response is due to soluble sensitised
immunoprotein, such as IgG, acting together with a
sensitised cell mediated system, with activation of
complement. The HLA antigen system is expressed
in the normal corneal stroma with both class I HLA
antigens, the major histocompatability complex
antigen acting as an effective agent for both cellular
and humoral immune systems, and class II HLA
systems present.9 After herpes simplex infection
HLA class II (HLA D) antigens are expressed on
stromal cells (Ward K A, et al., in preparation). Such
abnormal expression of class II antigens is observed
in a variety of autoimmune diseases and would
explain how the HSV virus can initiate a cell
mediated response.
Such humoral and cellular mediated responses

would block viral replication, causing an abortive
reaction, but as the virus has already entered the
keratocyte its surface antigenicity would have been
altered, so that the corneal defence mechanism
would recognise it as 'non-self', producing a cell
mediated response. It is a feature of both herpes
simplex and zoster disciform keratitis that the disease
process is chronic. If the reaction was simply due to a
cell mediated hypersensitivity reaction, it would be
expected to be self limiting, but with topical steroid
treatment, either after or during withdrawal,
rebound recurrences are frequent, suggesting con-
tinued antigenic stimulus. Nowadays, very few cases
of herpes simplex stromal disease are left untreated
with steroids, and much of the severity of these cases
has been attributed to the advent of steroids,'0 which
lead to local immunosuppression but allow viral
replication to proceed with continued antigenic
stimulation.
But what is the evidence that viral replication plays

a part in the stromal response? In herpes simplex
keratitis, tear herpes simplex virus (HSV) specific
secretary IgA (sIgA) has been found after acute
epithelial disease," and there is a marked local
production of virus specific IgG subclass in response
to epithelial and stromal inlection.9 Antibody in this
subclass may be poorly neutralising, as it fails to fix
complement and only weakly promotes an antibody-
dependent cell mediated cytotoxic reaction. More-
over IgG4 antibody production may result in an
atopic reaction, as it combines with mast cells and
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causes degranulation when cross-linked by antigens,
and this would account for some of the stromal
destruction and response seen in stromal disease.

It was Barrie Jones who with Alan Patterson"
showed that, if disciform keratitis was treated alone
with steroids, a herpes simplex ulcer would appear on
the epithelium in a high percentage of such cases.
Herpes simplex particles have been demonstrated in
the corneal stroma"'7 and HSV isolated from organ
cultured corneal discs in patients with disciform
keratitis. 118 Herpes simplex viral particles have been
seen in necrotising stromal keratitis."'9 Some
workers have attributed disciform keratitis to a direct
viral invasion of the endothelium on the basis of
herpes simplex virus isolation from the aqueous,'
and herpes simplex viral has been cultured from the
aqueous in cases of focal iritis and persistent endo-
theliitis with a secondary glaucoma.20 Incomplete
virus, virions, or empty capsids have been found in
the stroma of a patient with disciform keratitis, with
HSV antigen localised either near herpes virions in
keratocyte cell nuclei or in the stroma in areas of
degenerating keratocytes'1'8 and on keratocyte
nuclear membranes. 16

The sources of such virus include the stroma itself,
the ocular adnexa and tears, and the trigeminal
ganglion known to be colonised after infection21
reaching the stroma by way of the corneal branches-
the so-called back door approach22. Such continued
antigenic stimulation would suggest initiation by
residual virus or viral remnants. The clinical appear-
ance of disciform keratitis can be produced in the
rabbit eye by herpes antigen injection,124 antigen
being found on the stromal keratocytes with lympho-
cytes in close proximity, suggesting a cell mediated
response. The direct injection of herpes virus into
the rabbit stroma produces infiltrates, though its
similarity to the clinical picture of disciform keratitis
is uncertain, and such an animal model is probably
more akin to the infiltrate beneath an ulcer in man.
Antiviral treatment of these infiltrates with either
triflurothymidine& or bromovinyldeoxyuridine26
improved the stromal response.

In rabbits different herpes simplex strains produce
different responses. Strains producing a stromal
response have an increased glycoprotein content
compared with those producing only epithelial
responses,27 and there is evidence that genetics plays
a part, for the viral genome determines the extent of
ocular herpes infection, its severity, its tendency
towards recurrent disease, and the tissue response to
steroids, independently of any host immunity or
resistance.8 If the appropriate HSV strain is inocu-
lated into the rabbit cornea, stromal involvement is
seen beneath the ulcer, and a disciform keratitis
lesion is seen after the seventh day.281 But poly-

morphonuclear cells are important in the develop-
ment of the lesion, for if the rabbits are treated with
serum acting against the polymorphonuclear cells the
reaction is much less.0

In herpes zoster infection the exact mechanism and
pathogenesis of the ocular signs is not known, partly
because of the paucity of pathology of the stromal
lesions and partly owing to the lack of a suitable
animal model. Herpes zoster virus has been cultured
from the acute epithelial lesions of both punctate
keratopathy and pseudodendrites," from which
multinuclear giant cells and intranuclear occlusion
have been found32 and which are the most common
manifestation of ocular involvement. A high propor-
tion (92%) of the anterior stromal deposits which
resolve into nummular scars occur in areas underly-
ing a previous punctate keratopathy or pseudo-
dendritic ulcer6 (Table 1). These lesions could be due
to direct viral invasion, or the diffusion of soluble
viral antigen into the stroma, or damage to the
terminal corneal nerves from virus travelling down
the trigeminal branch. Similarly keratouveitis fre-
quently occurs after epithelial involvement-in 95%
of patients6 (Table 1). It is uncertain whether the
ocular abnormalities are due to vasculitis causing
ischaemia or chronic inflammation. Histological
examination of early cases has shown that only the
epithelium tends to be affected, with the deep
corneal layers clear, but in chronically affected cases
granulomatous reactions to Descemet's membrane
have been seen,3" and viral particles have been found
in the endothelium'4 3 and retina.?6 Disciform
keratitis also occurs after epithelial disease but not in
the same area, and, as lymphocytes are found in the
affected region, it is thought to be due to a hyper-
sensitivity reaction to viral antigen.6
Thus the available evidence points to direct viral

involvement of the stromal lesions in both herpes
simplex and zoster disease, either by setting up a
cytotoxic reaction after cellular invasion, or by
initiating immunological mechanisms which are
responsible for the clinical signs that are so familiar in
these cases. If it could be shown that those antiviral
agents which enter the stroma in therapeutic concen-
trations do control the disease process, this would be
evidence that viral replication at least plays a part-
an initiating role-in such disease processes.

Clinical results

TOPICAL ANTIVIRAL CHEMOTHERAPY
Herpes simplex disease

INTRODUCTION
Topically applied chemotherapeutic drugs have a
definite role in the treatment of epithelial disease,
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121The enigma ofherpes stromal disease

Table 2 Outcome ofcomparative trial oftopical acyclovir
(ACV) and adenine arabinoside (Ara A) on the stromal
response beneath herpes simplex epithelial lesion. Treatment
wasfive times a day until the signs resolved, then it was
weaned offover two weeks

Number Healed Days to Steroids
heal required

ACV 20 20 12-3 0
ARA-A 17 12 8-0 5

From McGill, Tormey, Walker.37

known to be due to viral replication and virally
induced cell destruction, but do not affect either
latency' (recurrences) or the incidence of subse-
quent stromal disease. Idoxuridine, which is highly
insoluble and does not penetrate into the corneal
stroma, has no effect on stromal disease, but the
question arises whether alternative antivirals that do
penetrate have such an effect.

CLINICAL
Patients were divided up into those who had a
stromal response beneath an active corneal ulcer,
and those who had a typical lesion of herpes simplex
disciform keratitis following on a previous attack of
dendritic ulceration but with no concurrent epithelial
disease present. In a double blind trial topical
acyclovir and adenine arabinoside were compared in
the treatment of the herpes simplex stromal response
beneath the ulcer. Acyclovir was superior to Ara-A37
(Table 2).

In disciform keratitis acyclovir alone was of effect
only in those patients who had never previously had
topical steroids. Fourteen of 15 such patients re-
sponded satisfactorily, but if topical steroids had
been used in a previous attack (with topical anti-
virals) then only one of 13 responded satisfactorily.
The duration of treatment of acyclovir treated
patients was shorter and rebound recurrences fewer
than for those patients treated with a combination of
acyclovir and steroids. In other words, once steroids

were added to the regimen, all the familiar problems
of steroid treatment, namely prolonged treatment
therapy and frequent recurrences, were seen (Table
3). The degree of visual loss resulting from the
residual stromal scarring was the same in the two
groups, showing that withholding steroids did not
lead to increased stromal scarring.

CONCLUSION
For those patients with their first attack of disciform
keratitis and who have never been treated with
steroids, topical antivirals that penetrate to the
corneal stroma have in a comparatively short treat-
ment course been successful in a high percentage of
cases, without any significant sight impairing residual
stromal scarring. The reason why prior steroid
therapy makes the patient steroid dependent for
subsequent attacks is unknown.
Adenine arabinoside is known not to penetrate the

corneal stroma in therapeutic amounts. This explains
why topical acyclovir was superior in treating herpes
simplex induced infiltrative stromal disease beneath
an ulcer. That topical acyclovir alone was able to
control the stromal disease suggests that viral replica-
tion plays at least a part in the disease process.
Collum and his colleagues' found that, in a compari-
son of acyclovir with or without topical steroids in
the treatment of disciform keratitis, 40% of those
patients treated with acyclovir alone healed within 50
days, but it is uncertain how many had had steroids
previously, so that these results may have been
improved if these patients had been excluded.
Similarly Sanitato et al.'9 and Kaufman39 found that
acyclovir alone had a beneficial effect in five of 12
patients with disciform keratitis, but it was not clear
from their results how many of these patients had had
prior attacks treated with steroids. Acyclovir has also
been successfully used in the treatment of presumed
herpetic iridoxcyclitis when given either topically
(personal observation) or systemically.4'

It is suggested that for the first attack of herpes
simplex induced stromal disease acyclovir or trifluoro-

Table 3 Response of topical acyclovir (ACV) or triflurothymidine (F3T) on herpes simplex disciform keratitis in patients
who either had never had topical steroids or had had a previous attack ofstromal disease treated with steroids and antivirals

No. Healed Signs Treatment Recurrences Average Change in vision
resolved duration follow-up

(days) (months) Percent Loss I line Loss >1 line
same Snellen Snellen

No prior
steroids
ACV 15 14 16-5 44-3 1 43-2 67% 33%
F3T 1 1 21 40 0 8

Prior
steroids
ACV 13 1 16-7 112 7 48-6 53-8% 23-1% 23-1%
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thymidine five times a day for two weeks should be
initiated. If after this time there is no regression of the
clinical signs, topical steroids should be added and,
once the signs have regressed, the patient cautiously
and slowly weaned off. As viral resistance to
acyclovir has been seen both experimentally and
clinically,4'42 administration of the drug should be
limited to as short a treatment period as clinically
necessary.

HERPES ZOSTER INFECTION
If a drug has an effect on the skin rash which is known
to be due to direct viral invasion, then, if zoster
keratouveitis in its many forms is due at least in part
to viral invasion and virally induced tissue damage, it
would be expected that that drug would control some
of the corneal disease.
The earlier available antivirals had no effect on the

acute stages of the rash, or the incidence of post-
herpetic neuralgia, when given either systemically as

adenine arabinoside43 and cytosine arabinoside43 or

topically as idoxuridine, which initially, when com-
bined with dimethyl sulphoxide (DMSO) for skin
penetration, was thought to be of benefit45 but later
found to have no benefit over DMSO alone.,%
Systemic steroids used to lessen postherpetic
neuralgia resulting from viral induced tissue damage
carried the risk of virol dissemination.47 Acyclovir has
been shown in vitro to have antiviral activity against
the varicella zoster virus,48 and initial clinical trials
suggested a beneficial clinical effect on the skin
rash.49 Placebo controlled double blind trials of
intravenous acyclovir have shown that acyclovir
treated patients fared significantly better in terms of
duration of new lesion formation and the time of loss
of vesicles and the time to full crusting.052

Intravenous therapy is not an ideal mode of
therapy for most patients, and so an oral form of the
drug has been developed. In a multicentred con-

trolled clinical trial oral acyclovir at 800 mg five times
daily for seven days has been found to be superior to
placebo in significantly reducing the skin rash
duration and associated pain (McKendrick et al.,
in press), whilst Cobo et al."3 have shown that
oral acyclovir at 600 mg five times a day for 10 days,
when compared with placebo in herpes zoster
ophthalmicus, significantly reduced skin involvement
and viral shedding, and ocular disease signs were

lessened.
The question arises whether a drug effective

against the skin rash is effective also against corneal
disease.

CLINICAL
An open study of acyclovir ointment in acute herpes
zoster keratouveitis showed that most patients had a

quick resolution of their symptoms without any
recurrence of the disease process.54 This was in sharp
contrast to the common clinical finding that patients
treated with topical steroids required a prolonged
course and suffered frequent recurrences. For this
reason a double blind trial was set up to compare
topical steroid and acyclovir ophthalmic ointment in
the treatment of acute herpes zoster keratouveitis"5
(Table 4). The total treatment duration in the
acyclovir treated group was considerably less than for
the steroid treated group. In a short follow-up of less
than one year, while 12 of the 19 steroid treated
patients had a recurrence of their keratouveitis once
treatment was either being tapered off or stopped,
none of the acyclovir treated patients had a recur-
rence. Corneal epithelial disease resolved signifi-
cantly faster than in the acyclovir group, but there
was no significant difference in the resolution of
stromal disease, uveitis, or scleritis in the two groups.

In an attempt to gain a broader impression of
the usefulness of acyclovir in acute herpes zoster
keratouveitis, a retrospective analysis was carried out
of all patients with this disease presenting at the
Southampton Eye Hospital over a two-year period
and treated by a number of doctors.'5 Retrospective
analyses are not ideal, and exact differences between
groups for particular signs resolving may not be clear,
but, when the clinical outcome of these patients
treated with either topical acyclovir or steroids or a
combination of both was reviewed, a definite pattern
emerged. Topical acyclovir alone controlled the
disease process in 51 out of 56 patients. Those treated
with acyclovir fared significantly better, with a
quicker resolution of their keratouveitis, as there
were no recurrences of the disease process in the first
year after treatment had been stopped compared
with a 50% incidence of those treated with topical
steroids, many ofwhom are still on treatment, so that
the total treatment duration of the steroid treated
patients was much longer.-" With a longer follow-up
two out of 56 of the patients treated with acyclovir
had a recurrence of their keratouveitis, one ofwhom
had had topical steroids for his lid involvement.6 In
an up-to-date retrospective analysis of all patients
treated with topical acyclovir the time taken for
resolution was the same for the different types of
stromal disease (Table 5). But acyclovir, when
combined with steroids, showed no benefit compared
with the steroids alone. In other words the addition of
steroids produces all the problems of prolonged
treatment and frequent recurrences.
These trials, however, may have merely been

showing the deleterious effect of steroids and not a
beneficial one of acyclovir, as it was ethically imposs-
ible to use placebo controls in patients who had
established keratouveitis causing a painful inflamed
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The enigma ofherpes stromal disease

Table 4 Outcome oftreatment with eithertopical acyloviror topical steroids (Betnesol)five times a day on acute herpes
zoster ocular involvement

Group Number Numberhealed initial treatment Numberdisease Totaltreatment
duration (median days) reappeared duration (median

days)

Acyclovir 17 16 75 0 75 (range 17-144)
Steroids 19 18 68 12* (63%) 280t (range 34-440)

*p<O-00l (Fisher's exact test, 2-tailed).
tp=0.002 (Mann-Whitney U test, 2-tailed).
From McGill and Chapman.55

Table 5 Herpes zosterkeratouveitis: retrospectiveanalysis ofpatients treated with topicalacyclovircompared with those
treated with steroids or a combination ofboth

Number Acyclovir (112) Steroids (74) Acyclovir + steroids (14)

No. Heated Days to heal No. Healed Days to heal No. Healed Days to heal

Epithelial 82 82 6-06 20 20 10 4 4 12
Disciformkeratitis, 25 25 16 6 16 16 38 2 2 48
Nummular keratitis 32 29 15-4 19 19 27-7 3 3 61
Uveitis 89 83 21-7 56 56 53 7 7 92
Average treatment duration 62-3 200 197
Total recurrence rate 2% 50% 57%

eye. If in very early cases it could be shown that
acyclovir stopped the disease from developing (com-
pared with placebo), this would support the concept
of an active role for this drug. In an attempt to settle
this problem a prophylactic double blind placebo
controlled trial was carried out on patients whose
skin rash had resolved and whose eye showed
minimal involvement of conjunctival injection or

Table 6 Outcome ofa randomised double blind trialof
topical acyclovir compared withplacebo in the treatment of
herpes zoster keratouveitis. The ocularsigns at the onset were
minimal, either being conjunctival injection oran early
punctate keratopathy (early corneal involvement). The
ocular disease process was halted in the acyclovir treated
patients butprogressed in 8-10 placebo treated patients,
showing that acyclovir actively protects the eyefrom damage
iftreatment is started early enough

Treatment No. ofpatients Halted Progressed

Acyclovir 10 10 0
Placebo 10 2 8

Table 7 Herpes zoster keratouveitis: In ninepatients,
showing the cause offailure to respond to topical acyclovir
(severalpatients hadmore than one sign)

No.

Scleritis 3
Nummular infiltrate (2 had marginal infiltrate) 3
Uveitis 6

simply an acute punctate keratopathy (Table 6). Of
the 20 patients treated 10 had topical acyclovir, 10
topical placebo. All patients treated with topical
acyclovir fared well, with a quick resolution and no
disease progression or stromal involvement. Eight
out of 10 of the patients treated with placebo had a
progression of their disease, with stromal involve-
ment, and acyclovir had to be added before the
disease resolved.

In reviewing all 112 acyclovir treated patients, all
but one of whom presented within three weeks of the
onset of their disease, we noted nine not responding
to acyclovir alone (Table 7). It is suggested that if
scleritis or uveitis persists, especially if synechiae
have formed, steroids should not be withheld.

CONCLUSION
Most cases of herpes zoster stromal disease follow
epithelial involvement, with nummular opacities
occurring sooner than disciform keratitis, suggesting
a different mechanism. As epithelial lesions are
known to be associated with herpes zoster virus, and
as stromal disease can be prevented if epithelial
disease is treated with antiviral chemotherapy, and
established stromal lesions can be similarly treated,
this evidence suggests that viral replication has a
major role in the development of these lesions.

Previously topical steroids were the only available
treatment of herpes zoster keratouveitis, and they
had to be continued for up to 18 months or more, with
much disease progression, ocular damage and visual
loss. With topical acyclovir there is a shorter treat-
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ment duration, less recurrence, and less disease
spread, but it must be emphasised that this compari-
son may be showing up the deleterious effects of
steroids on viral induced stromal disease, and further
prophylactic oral and topically based clinical trials
are required to determine the relative effective role
of antivirals in this condition, particularly as the exact
mechanism of the production of the different signs is
not yet known. For instance, nummular opacities,
which develop earlier than disciform keratitis and in
direct relation to epithelial ulcers, may be due to a
different immune mechanism than the cell mediated
delayed immune mechanism of disciform keratitis.

General conclusion

In both herpes simplex and zoster ocular infections,
stromal lesions usually follow after epithelial disease.
The exact mechanism of these disease processes is
not yet fully understood, partly owing to the lack of
any suitable animal model. But the fact that stromal
disease occurs after epithelial disease, and the effect
shown here of antivirals on stromal disease, suggest
that viral replication has a major role in the produc-
tion of the stromal lesions. Antiviral treatment alone
without the use of steroids offers considerable advan-
tages, but the exact role of antivirals in the disease
process must await further laboratory work and
coded clinical trials. Prophylactic placebo controlled
trials are required to determine whether topical
antivirals are superior to placebo in all aspects of
stromal disease, and whether any significant vision
threatening stromal scarring results from the with-
holding of steroids.

Grateful thanks to my colleagues M J Absolon, FRCS, I H
Chisholm, FRCS, A R Elkington, FRCS, and C B Walker, FRCS,
for referring patients to me and for allowing me. to review the
patients' case notes, and to Wendy Gilbert for typing the
manuscript.
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