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Table I Detection ofHSV DNA, RNA, and virus from the cornea and tear film ofpatients
with (group A) and without (groups B and C) prior herpes simplex keratitis

Tear culture* DNA PCR
Corneal RNA PCR

Patient Pre-op Post-op Culture* TK GC MCP CFTt GC LAT

Al 0 0 0 + + + 160 +
A2 0 3+ 0 + + + 80 + +
A3 0 0 0 + + + 160 - +
A4 0 0 0 + + + 40 - +
AS 0 0 + + + + 80 + +
A6 0 0 0 + + + 80 NI NI
A7 0 0 0 + + + 40 NI NI
A8 0 0 0 + + + 80 - +
A9 0 0 0 + + + 80 - +
A10 0 0 0 + + + 40 - +

BI 0 0 0 + + + 160 - +
B2 0 0 0 + + + 40 - +
B3 0 0 0 + + + 80 - +
B4 0 0 0 + + + 160 - -

B5 0 0 0 + + + 10 - -
B6 0 0 0 - - 10 - -
B7 0 0 0 - - 160 - -

B8 0 0 0 - - 40 - -

B9 0 0 0 - - - 10 - -

B10 0 0 0 - - - 80 - -

Cl 0 - - <4 - -

C2 0 - - - 40 - -
C3 0 - - - 40 - -

*Number of isolations. tComplement fixation test; reciprocal of dilution. + =Amplification product
present. - =Amplification product absent. NI=not identified as DNA present.

for, by using the GC primers in an RNA PCR
without reverse transcription and by using the
antisense primer for reverse transcription. RNA
from corneas (PCR negative for HSV DNA) was
used as negative control.

CONFIRMATION OF PCR PRODUCT IDENTITY
The amplified DNA fragments of the expected
size were electroeluted (Biotrap, BT 1000,
Schleicher and Schuell, FRG) and their identity
confirmed by restriction endonuclease enzyme
digestion. With Sma I (TK), Apa 1 (MCP), Ksp
1 (GC), Hae III (LAT), and Ava II (HPRT)
(Boehringer Mannheim), the following would be
generated: 73 bp and 37 bp (TK), 186 and 58 bp
(MCP), 59 and 56 bp (GC), 77 bp, 33 bp and
85 bp (LAT), and 82 and 15 bp (HPRT RNA)
respectively. Further confirmation of the 110 bp
(TK) amplification product was obtained by
hybridisation using a 40 base oligonucleotide of
the sequence 5'GAGATGGGGGAGGCTAAC-
TGAAACACGGAAGGAGACAATA-3'. The
TK amplification products and controls were
denatured and 5 [1 of each sample including
positive (HSV-1) and negative (negative PCR
reaction) controls spotted on to a nylon mem-
brane (Hybond-N+, Amersham). Blots were
ultraviolet fixed and prehybridised at 550C for 1
h in 5xSSPE (0 9 M sodium chloride, 0-05 M
sodium phosphate, and 0-005 M edetic acid),
0 5% (w/v) sodium dodecyl sulphate 0-016% (w/
v) denatured salmon sperm, and 0-1% (w/v) each
of bovine serum albumin, ficoll (Sigma), and
polyvinylpyrrolidone (BDH). Hybridisation was
over night at 550C with (CtRP) dCTP (Amersham)
labelled probe.20 Blots were washed twice at 200C
in 2 x SSPE, 0-1% (w/v) sodium dodecyl sulphate
for 2 minutes, followed by two washes in pre-
warmed 1x SSPE, 0O1% (w/v) sodium dodecyl
sulphate at 550C for 5 minutes and autoradio-
graphed. Blots were stripped by washing in 0 5%
(w/v) sodium dodecyl sulphate at 950C for 10
minutes and rehybridised with an (ca-32P) dCTP

HLA probe at 680C. Washing was in 2 x SSPE,
0 1% (w/v) sodium dodecyl sulphate for 5
minutes at 20'C followed by two washes in 0 1 x
SSPE, 0-1% (w/v) sodium dodecyl sulphate at
680C for 10 minutes.

Results

VERO CELL RESPONSES
The average numbers of plaques produced on
Vero cells monolayers aged 22, 14, 7, and 3 days
at inoculation were not significantly different for
each of the three inocula respectively (F test,
p>0- 1). Thus the sensitivity of Vero cells to
infection with HSV did not vary with the age of
the cells within the three-week period used in the
cocultivation experiments.

PREOPERATIVE PERIOD
In total, 82 and 72 specimens were collected from
groups A and B respectively. There was no
HSV-1 isolations (Table 1). Patients BI and B4
had episodes of HSV-L one and two weeks prior
to surgery respectively. There were no episodes
of HSV-N.

POSTOPERATIVE PERIOD
Two hundred and forty-seven and 220 tear film
specimens were collected from groups A and B
(Table 1). There were three isolations (all
HSV-1). They were made consecutively and
were from the affected eye of patient A2. The
first isolation was on day 18 after surgery, three
days after commencement of topical timolol
(0 25%) for raised intraocular pressure. On day
24 an epithelial ulcer developed and topical ACV
was started, with resolution of the ulcer over the
next five days.
There were no isolations from the donor

corneas, C1, C2, and C3. Three patients in group
A (3, 4, 7) and three in group B (2, 4, 5) had
sutures removed and or replaced. Patients A3
and Al had one and two episodes of HSV-N
(HSV-1) ipsilateral to the affected eye, at four,
five, and nine weeks after surgery. There were
four episodes ofHSV-L (HSV-1).

ORGAN COCULTIVATION
There were two isolations (both HSV-1) on day 4
of tissue incubation. Both were from the corneal
disc of patient A5. The isolations were in tubes
that did not contain 5-azacytidine. No other
isolations were made from either the corneas or
the rims of donor corneal tissue.

POLYMERASE CHAIN REACTION
A positive result was taken as a visible band of
the predicted molecular weight for the particular
set of primers.

DNA PCR
All corneas from those patients in group A (10) as
well as five (B1-B5) out of 10 in group B
produced a positive result to all three (TK, GC,
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and MCP) primers (Table 1). Corneas Cl, C2,
C3, and B6-B 10 produced a negative result. Both
negative and positive results were reproducible
in further PCRs (up to three times), and replicate
assays in Bristol and Liverpool produced
identical results.

RNA PCR
Using the HPRT primers we showed that all but
two corneas contained mRNA and no DNA.
Corneas from patients A6 and A7 showed
evidence of residual DNA by this method, by
omission of the reverse transcriptase step and by
use of the antisense primer, and were thus
excluded from further analysis. All eight of the
remaining corneas from group A, as well as three
from group B (B1-B3) showed evidence of the
presence of a LAT). Among these corneas
evidence of GC mRNA was found only in
patients A2 and A5 (Table 1).

PRODUCT DIGESTION AND HYBRIDISATION
All amplification products were cleaved as
predicted by the relevant restriction enzyme,
thus confirming their identities. Similarly, all
TK amplification products from positive samples
hybridised to the internal oligonucleotide probe,
whereas the negative control samples did not. In
addition none of the positive samples hybridised
to the HLA probe, thus confirming their
specificity.

SERUM ANTIBODY
All patients were HSV seropositive apart from
Cl (titre less than 1/4) (Table 1). There was no
significant difference in antibody levels between
groups A and B (t test, p>O0 1), nor between
patients in group B who had evidence of HSV
DNA in their corneas and those who did not (t
test, p>O0 1).

Discussion
The absence of preoperative shedding ofHSV is
not unexpected'4 and makes it unlikely that virus
was seeded into the cornea at or recently before
surgery. The onset of early postoperative
shedding on day 18 followed by the development
of recurrent herpes simplex keratitis on day 24
(patient A2), has not been reported previously.
Early recurrence, that is within 12 months, is
usually associated with an event such as rejection
or suture removal2' and is epithelial in nature in
greater than 72% of cases.2' 22

Although timolol has been used to induce
shedding and recurrent herpes simplex keratitis
in rabbits23 and more recently in a non-human
primate,24 there are at present no studies in
humans. Whether timolol induced shedding and
recurrence in this patient (A2) is unknown.
Acycloguanosine has been found to reduce
herpes simplex keratitis recurrence in rabbit
models of penetrating keratoplasty.25 Although
prophylactic antiviral cover after suture removal
or replacement has been recommended,22 the
absence of shedding and/or recurrence in four
patients in group A who had sutures removed or

replaced raises questions in this regard. The
need for prophylactic antiviral therapy and
regular tear film sampling in patients following
penetrating keratoplasty for herpes simplex
keratitis is debatable and needs further investi-
gation.
The isolation of HSV from one of the corneas

of those patients with prior herpes simplex
keratitis (one out of 10) is in accord with some
previous reports,5`8 which are in turn at variance
with others in which no isolations were
reported." 12
The infrequency of an isolation in this study

may reflect the use of acycloguanosine during
active herpes simplex keratitis and the long
period of quiescence (six to 18 months) prior to
surgery. The absence of an isolation in the 5-
azacytidine treated cultures may be due in part to
its effect on viral replication. This could be
investigated by reducing the concentration of 5-
azacytidine to 15 ,tM, at which concentration its
effect on replication is markedly reduced.'0
We have demonstrated that HSV- 1 DNA

sequences are present more frequently in diseased
human corneas than previously thought. Patients
with previous herpes simplex keratitis are highly
likely to have HSV-1 DNA in their corneas. This
is consistent with previous reports which have
demonstrated HSV viral antigens in corneal
discs taken from patients with previous herpes
simplex keratitis." 1226 Furthermore we have
shown that patients with no documented history
of herpes simplex keratitis, who have non-HSV
related corneal disease and who are HSV sero-
positive, may have HSV DNA within their
corneas. We used primers that amplify three
segments that are widely separated on the HSV-1
genome. In each case when DNA products were
found all three segments were present. Thus it is
reasonable to assume that the whole of the
HSV-1 genome was present. That HSV-1 DNA
was found in herpes simplex keratitis corneas
implies that its presence is not always associated
with typical clinically recognisable disease.
Indirect support for this occurrence may be
adduced from the finding that secretary anti-
HSV antibody can be found in the tear film of
individuals who do not have serum anti-HSV
antibody, and raises the possibility that the eye
may be a primary portal of entry for HSV,2' and
that spread beyond the eye need not necessarily
occur.
The presence of HSV-1 DNA in these corneas

could be explained by the presence of replicating
virus in a low grade persistent infection, by viral
DNA remaining from previous infection, or by
latent virus. The first possibility appears
unlikely, since infectious virus was isolated by
cocultivation from only one of the 15 corneas
containing HSV DNA. In an attempt to demon-
strate that the DNA was from latent virus it was
necessary to investigate the pattern of viral gene
transcription, which so far appears to be confined
to LATs during latent infection. Because of the
limited amountRNA available it was not possible
to study the expression of a wide range of HSV
genes, and investigations were confined to the
LAT and GC genes. Of the genes for which
primers were available, GC was selected, since it
is a late or b gene, and so its expression is likely to
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be a marker for the production of infectious
virus.
Two of the corneas were found to contain GC

transcripts, and one of these was the cornea from
which virus was isolated by cocultivation.
Although no virus was isolated from the other,
the viral DNA detected in both was assumed to
be present as actively replicating virus. A further
two corneas apparently contained GC mRNA,
but the signal was probably due to a minute
amount of remaining DNA. The samples still
gave a positive result for GC, when reverse
transcription was omitted or the antisense GC
primer used, and RNA PCR with the HPRT
primers produced bands of expected size for
amplification from both DNA and RNA
templates.

In nine of the 11 remaining corneas which did
not contain evidence of GC mRNA we could
amplify a fragment of LAT. The presence of
LAT transcripts in the absence of GC mRNA
suggests that viral gene transcription is limited in
these corneas, and, within the limits of this
study, follows the pattern of a neuronal type of
latent infection. Our results must be further
evidence for the possibility of corneal latency,
though they are not unequivocal proof. Further
investigation of the gene expression is necessary,
particularly of other genes previously postulated
to have a role in the establishment and mainten-
ance of latency, such as infected cell protein 0
(ICPO), TK, and ribonucleotide reductase.
Truly latent virus should be capable of reacti-
vation, which we were unable to detect under the
conditions described. Different cocultivation
conditions may promote reactivation and
improve detection of the low levels of virus likely
to be involved. Nevertheless, it appears that in
some patients HSV may be maintained in a latent
state in the cornea, and this is not always related
to prior herpes simplex keratitis. The implication
of these findings to our understanding of the
pathogenesis of herpes simplex keratitis are not
yet clear.
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