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Slow viral replication of HSV-1 is responsible
for early recurrence of herpetic keratitis

after corneal grafting

Abstract @ Background: The pres-
ence of herpetic DNA has been
shown in diseased and healthy
corneal tissue. A clinical correla-
tion with the activity of the disease
has not yet been demonstrated. This
study was done to evaluate the use
of DNA amplification for HSV-1
from different sites for the clinical
prognosis after corneal grafting.

® Patients and methods: Eighteen
patients with herpetic keratitis, 8
patients with other forms of kerati-
tis, and 15 patients with corneal
disease unrelated to herpes under-
going penectrating keratoplasty were
investigated. From these, aqueous
humor was obtained at the time of
surgery. The excised cornea was
divided into three parts for paraffin
embedding, 24 h tissue culture and
preparation of minced tissue. All
samples were processed for HSV-1
glycoprotein D PCR followed

by Southern blot and DNA hy-
bridization. @ Results: In the her-
pes group, target DNA was detected

in 4/18 aqueous humor samples, 7/
16 minced tissue preparations, 6/18
explant culture fluid samples and 4/
15 paraffin sections. In the control
groups of other keratitis and non-
herpetic eye disease, respectively,
target DNA was found in 0/5 and
2/12 aqueous humor samples, 1/6
and 0/12 minced tissue prepara-
tions, 0/8 and 0/15 explant culture
fluid samples and in 1/6 and 1/14
paraffin sections. Five of six pa-
tients in whom herpes DNA was de-
tected in the short-term tissue cul-
ture experienced an episode of her-
pes reactivation within 4 months af-
ter transplantation, whereas only
one of the remaining patients in all
three groups did so (p=0.0005).

® Conclusion: A slow viral replica-
tion may be responsible for early re-
currence of herpetic keratitis after
corneal grafting. Detection of her-
petic DNA in short-term tissue cul-
tures from explant tissues may help
to define the patients at risk.

Introduction

Herpetic keratitis is thought to be the most frequent
cause of corneal blindness in developed countries [11],
with a prevalence of 1.5 per 1000 persons [23].
According to current concepts, recurrent herpetic
stromal disease results from reactivation of the latent
virus within the trigeminal ganglion followed by
transneuronal spread into the cornea [12, 25]. Ganglion-
ic latency as a source for viral reactivation was first sus-

pected by Goodpasture [16]. Clinical evidence for this
was found by Stevens and Cook, who recovered replica-
tive virus from trigeminal ganglia 3—4 months after food-
pad inoculation in mice [39]. Silent viral shedding from
the infected ganglia into the tear film has been shown
[18], as has the presence of viral DNA in the cornea [34]
without evidence of clinical disease.

Replication of the virus within the cornea has been
suspected in cases of active stromal keratitis because of
the electron-microscopic demonstration of viral parti-
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cles in the corneal stroma [12]. The successful isolation
of virus from cultured explant corneae in cases of stro-
mal keratitis supported this view [9, 13, 38, 41]. Howev-
er, the long time of 5-11 days until isolation of living
virus from cultured corneae led to the idea of viral laten-
cy in the cornea and in vitro reactivation [13, 29]. The
application of different molecular biological techniques
has recently reinforced this concept [3, 6, 7, 15, 36]. The
clinical significance of corneal latency for the recur-
rence of disease, however, is unknown.

The aim of this study was to define patients at risk for
herpes reactivation after corneal grafting by means of the
polymerase chain reaction (PCR) technique. We com-
bined short-term corneal explant culture with DNA am-
plification using the PCR, followed by Southern blot
analysis of aqueous humor, minced fresh explant tissue,
paraffin sections and culture fluid after 24 h.

Patients and methods

Eighteen consecutive patients with the clinical diagnosis of her-
petic keratitis, 8 patients with interstitial keratitis and 15 controls
with nonherpetic corneal disease were included in the study
(Table 1).

The diagnosis of herpetic keratitis was established when (1) a
history of dendritic keratitis or recurrent stromal keratitis within
the last few years was reported and/or (2) recurrent stromal dis-
ciform keratitis with endothelial precipitates, recurrent diffuse in-
terstitial keratitis with deep stromal vascularization or acute stro-
mal necrosis was documented which had responded to combined
systemic Acyclovir and local steroid treatment [22, 43]. The dis-
ease activity and treatment at the time of surgery in the herpetic
keratitis group are detailed in Table 1.

All eyes were rinsed with 0.6% polividone-iodine solution and
10 ml of balanced salt solution, pH 7.2, at the beginning of
surgery. Aqueous humor was obtained at the beginning of surgery
with a 30-gauge needle and a tuberculin syringe. The aqueous
humor was pelleted (10000 g, 10 min) and the supernatant re-
moved. The pellet was resuspended in 50 pl K buffer (Tris-Cl
10 mM, KC1 50 mM, MgCl, 2 mM, Tween 20 0.5%, proteinase K
0.1 mg/ml, pH 8.3), covered with two drops of light mineral oil,
heated to 56° C for 1h and to 95° C for 10 min, then stored at
—20° C until used for DNA amplification [19].

The excised corneal tissue was divided into two parts immedi-
ately after surgery. One half was fixed in a buffered 4% formalde-
hyde solution and embedded in paraffin. From this tissue, three
sections with a thickness of 10 um each were processed in 50 ul K
buffer as described above.

From the remaining corneal tissue, a small sample (thickness
approximately 0.5-1 mm) was dissected, minced and lysed in
100 W of K buffer, sedimented and the supernatant used for DNA
amplification. The remaining tissue was placed in organ culture
[3 ml Eagle’s MEM, supplemented with 10% fetal calf serum and
penicillin (100 pg/ml), streptomycin (100 pg/ml), and ampho-
tericin B (0.3 pug/ml)] and incubated for 24 h at 32° C in a humid-
ified atmosphere containing 5% CO,. After 24 h of culture, a sam-
ple of the culture fluid was used for viral culture. The remaining
medium was stored frozen until processed for DNA amplification.

'

DNA amplification and hybridization

DNA amplification was run under standard conditions [37]. The
primers were located in the glycoprotein D gene of herpes simplex
virus type 1 (HSV-1; primer sequences and positions see Table 2
[1]). The amplification mix consisted of 10 mM Tris (pH 8.3),
50 mM KCl, 2.0 mM MgCl,, 0.02% gelatine (w/v), 200 uM of
desoxinucleoside triphosphates, 1.0 U Thermus brockianus DNA
polymerase (Finnzymes, Espoo, Finland), 50 pmol of each primer,
and a sample volume of 5 ui to a final volume of 50 ul. The ampli-
fication protocol included DNA melting at 95° C for 5 min, then
35 cycles each consisting of denaturation at 95° C for 1 min,
primer annealing at 60° C for 0.5 min and fragment elongation at
72° C for 1 min, followed by a final fragment elongation step at
72° C for 7 min. All buffers and media used were routinely run as
internal negative controls to exclude viral contamination. Controls
for specificity included culture supernatants from cells infected
with HSV-1, HSV-2, VZV or CMV. In each amplification experi-
ment, a positive control containing 10 ng HSV-1 DNA was also
included. The amplified DNA fragment had a length of 221 bp. It
was visualized on a 3% NuSieve agarose gel (FMC Bioproducts,
Rockland, Me., USA) after staining with ethidium bromide 0.01%
and compared to a routinely run molecular weight marker
(pBR322, Haelll Digest; Sigma Chemicals, Louisville, Mo.,
USA), then transferred onto nylon membranes (Hybond N7,
Amersham, Arlington Heights, IIl., USA) by capillary blotting
[40] and alkali fixed with 0.4 N NaOH [33]. For DNA hybridiza-
tion, we used a buffer containing 50% formamide, 5XSSC, 0.02%
SDS, 0.1% N-lauroyl-sarcosine (w/v), 0.1% BSA and 20 ug/ml
salmon sperm DNA. After prehybridization for 1 h, 20 pmol of
digoxigenin-labeled probe was added. This probe was generated
by introduction of digoxigenin-11-dUTP (Boehringer Mannheim,

Table 1 Patient data (ACV=

systemic antiviral treatment Group

n No antiviral therapy ACYV at surgery

with Acyclovis
Y ) Herpetic keratitis
Inactive scar
Acute keratitis/keratouveitis
Chronic stromal keratitis

Undetermined keratitis

Acute corneal ulceration in elderly
Stromal keratitis of unknown origin
State after multiple rejections

Corneal degeneration
Keratoconus

Secondary endothelial atrophy

Chemical burn
Chronic keratitis
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Table 2 Primer sequences and location in the glycoprotein D gene
of HSV-1 (primer sequences according to [1])

Table 3 Results of HSV-1 glycoprotein D gene ampliciation
(number of positive samples)

Primer Sequence (5°-3") Location
Outer :

BJHSV1.1 ATCACGGTAGCCCGGCCGTGTGACA  19-43
BJHSV1.2 CATACCGGAACGCACCACACAA 218-239
Inner®

BJHSV1.3 CCATACCGACCACACCGACGA 51-71
BJHSV14 GGTAGTTGGTCGTTCGCGCTGAA 166-188

Nonherpetic Undefined HSV-1

corneal disease  keratitis keratitis
Aqueous humor 0/12 0/5 4/18
Minced tissue 0/12 1/6 7/16
Explant culture 0/15 0/8 6/18
Paraffin sections 1/14 1/6 4/15
Total 3/53 2/25 21/67*

* The inner primers were used only to generate the random labeled
DNA probes

MWM 2 3 4 Buis@ee f - 8 9: 10

Fig. 1 Southern blot detection of glycoprotein D gene DNA after
PCR amplification using a digoxigenin random-labelled probe.
Lane 1 Molecular weight marker (MWM) pBR322 - Haelll digest
(Sigma Chemicals, St. Louis, Mo., USA); lanes 2-10 5, 5X107 ",
5X1072, 5X1073, 2X1073, 1X1073, 5X107%, 2X107%, 1x107*
pfu of HSV-1. 2X10~* pfu of HSV-1 are detected

Germany) in a nested PCR setting using internal primers (location
51-71 and 166-188 [1]). The conditions and protocol for this nest-
ed reaction were as described above, except for a sample volume of
1 ul, an annealing temperature of 62° C and 30 amplification cy-
cles. Bound probe was detected according to the manufacturer’s
instructions (Boehringer Mannheim, Germany). In short, the
membrane was incubated with an alkaline phosphatase-conjugat-
ed antibody to digoxigenin. AMPPD (Lumigen-PPD; Boehringer
Mannheim, Germny) served as substrate for the alkaline phos-
phatase. Finally, the membrane was exposed to an X-ray film (Fuji
RX) for 30 min at room temperature. Each result was confirmed
by two independent control amplifications. Additionally, DNA
amplification of a fragment of the thymidine kinase gene (amplifi-
cate length of 110 base pairs) was performed [24].

Results

Testing the specificity of the amplification system using
clinical isolates of different viruses of the herpes family,
we found an amplification only for HSV-1. In the ethidi-
um bromide-stained agarose gel, we detected DNA from
1073 plaque-forming units (pfu; data not shown). With

* P=0.0002 (chi-squared test)

MWM. 2 gaisdi a5 b v 8. 10, 11 12

b

Fig.2 a DNA amplification from herpes keratitis samples. 3%
NuSieve agarose gel, staining with 0.01% ethidium bromide. Lane
I molecular weight marker pBR322 - Haelll digest, lane 2 aqueous
humor, lane 3 culture medium, lanes 4, 7, 9, 10 paraffin sections,
lanes 5, 6, 8 minced tissue samples, lane 1] positive control con-
taining 5X107% pfu of HSV-1, lane 12 negative control (PCR
buffer). b Southern blot and DNA hybridization with a nonra-
dioactive probe to a

Southern blot and DNA hybridization, 2X10™* pfu were
detectable (Fig. 1).

The results of DNA amplification and hybridization
from patient samples are summarized in Table 3. The
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Table 4 Correlation of results in HSV-1 patients (/ sample not available, i inactive scar, ¢ chronically active keratitis, @ acute stromal

keratitis/keratouveitis)

Patient number

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18
DNA amplified from
Aqueous humor + - + + - - -2 - - - = — — — — 4 -
Explant culture + + + - - - - - — (+) - — — — — + + =
Minced tissue / -+ -/ - () - - - 4+ + + + - = 4+ +
Paraffin sections - - - + + - + - - - - — / — — / / +
Viral activity at surgery i a a a i i i i i c i c i i i a c i
Clinical reactivation + — + — — - + — — + — _ _ _ + + _

*In a vitreous sample taken at the same time as HSV-1 DNA was detected
® Same patient as 04, re-keratoplasty after 19 months due to graft failure

amplification from aqueous humor, paraffin sections,
fresh tissue and explant cultures did not correlate with
the clinical activity of the keratitis. Additionally, herpet-
ic DNA was detected in fresh and paraffin sections from
some patients with interstitial keratitis and nonherpetic
corneal disease (Fig. 2).

However, we observed a recurrence of herpetic kerati-
tis in six patients within 4 months after transplantation:
once without Acyclovir therapy, twice a few weeks after
stopping Acyclovir therapy and three times despite oral
therapy with Acyclovir 2-3X400 mg daily. In four of
these cases, HSV-1 DNA had been detected in the
overnight explant culture fluid. In another case, a weak
positive signal was not reproducible (Table 4). In one
case of reactivation, explant culture was negative for
HSV-1 DNA, and in another, culture was positive but
recurrence was not observed within 1 year postoperative-
ly under systemic Acyclovir prophylaxis. In three pa-
tients of the herpetic keratitis group, no viral DNA was
detected in any of the materials (Table 4). None of these
patients experienced a recurrence of the keratitis in the
graft (3* test: P=0.0005).

Living virus was not detected in viral cultures from
aqueous humor (50 pl) or in explant cultures.

Discussion

Corneal infection with herpes simplex may present in
various forms, ranging from mild epithelial infection to
severe stromal necrosis. The reactivation of viral disease
as well as the immune response in the cornea may con-
tribute to clinical disease [22, 43]. Recurrence of herpes
in the corneal transplant impairs the prognosis of corneal
grafting [5, 14]. The transplantation trauma itself was
only recently established to be a potent stimulus for a
recurrence of the disease after transplantation [26].
With the application of DNA amplification [37], a
viral etiology of keratitis may be confirmed [10, 17, 27].
However, a high incidence of HSV-1 DNA has been ob-

served in healthy corneal transplant tissue [3, 4, 30],
sometimes leading to total endothelial necrosis in cul-
ture without evidence of preexisting clinical disease [2,
4, 42]. Vice versa, viral DNA has sometimes not been
detected in cases of active clinical disease [17]. Thus, the
method needs further evaluation before its application to
clinical samples.

This study was done to define the incidence of viral
DNA from different ocular sites after DNA amplifica-
tion. Furthermore, we wanted to establish whether re-
lease of HSV-1 DNA into the culture fluid was possible.
To exclude an in vitro reactivation of latent virus as a
source for this, a culture interval of only 24 h was chosen.
Thus, we wanted to overcome the drawbacks of the single
methods. Glycoprotein D gene amplification was cho-
sen, because this region of the viral genome is highly
preserved and thus not strain dependent [1]. Moreover,
the clinical use of glycoprotein D gene amplification is
well established. Finally, the sensitivity of glycoprotein
D gene PCR was, in our hands, superior to that of the
often used thymidine kinase gene [24], in accordance
with the results from other laboratories [20]. In their
article about glycoprotein D PCR, Aurelius et al. empha-
sized the value of nested PCR in improving the sensitivi-
ty of the test system [1]. Cantin et al. clearly demonstrat-
ed the great difference between non-nested and nested
PCR on paraffin sections of herpetic corneae [3]. One
has to expect a high proportion of false-positive results
with nested PCR. The relevance of the low copy number
that requires nested PCR for its detection is not known
[21]. Thus, we decided not to use a nested setting, but to
increase the sensitivity and specificity by DNA hy-
bridization to increase its clinical relevance.

Our results from paraffin sections and from fresh
corneal tissue are in accordance with published data [3,
17, 30, 35]. A positive amplification signal from any
single source investigated does not necessarily establish
a clinical diagnosis. The detection of viral DNA in the
aqueous humor, however, showed some association with
the clinical activity of disease at the time of surgery, but
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also with early postoperative viral reactivation. The ori-
gin of this viral DNA in the aqueous humor is subject to
speculation. Most likely it comes from the iris and ciliary
body and not from the cornea. Thus, reactivation or
chronic subclinical viral activity not only in the cornea,
but also in the uvea has to be assumed. In one patient with
an inactive corneal scar and no signs of viral activity,
HSV-1 DNA was amplified from the aqueous humor.
This patient developed an early postoperative recurrence
of herpetic keratitis in the graft (patient 1, Table 4).

Moreover, we were not able to detect HSV-1 DNA in
any of the materials from some patients with herpetic
keratitis (patients 6, 8, 9 and 15, Table 4). Detection of
viral DNA in multiple samples from a single patient may
predict increased risk for HSV reactivation in the graft.
This is currently under investigation.

The important finding of our study is the demonstra-
tion of HSV-1 DNA in short-term corneal explant cul-
tures. A simple wash-out of herpetic DNA from the ex-
cised cornea is not likely, because no correlation between
the presence of HSV-1 DNA in corneal tissue and in the
culture fluid was found. In two samples, no HSV DNA
was detected in minced tissue, whereas it was demon-
strated in the explant cultures (Table 4). For in vitro reac-
tivation of herpes in the cornea, a time of 24 h is obvious-
ly too short [13]. Though viral cultures of tear film have

not been done, contamination from this site is not likely
after application of 0.6% polividone-iodine and washing
of the conjunctival sac with saline prior to surgery [32].

Several molecular biological studies have addressed
the molecular site of viral latency in corneal disease [6—
9,24,28,31]. The clinical relevance of these studies is an
improved understanding of the mechanism of viral reac-
tivation and the identification of patients at risk [15, 44].

In contrast to this, our results provide evidence of a
slow viral replication in the cornea in distinct cases. The
replicative activity at the time of surgery was too low to
be detected by viral culture, but the short-term tissue
culture may have increased the viral DNA to detectable
levels in five cases and to a nearly detectable level in a
sixth case. Clinically, five of the six positive patients
experienced an episode of herpes reactivation in the
transplant within 4 months after corneal grafting. In con-
clusion, we suggest that slow viral replication, rather
than reactivation of the latent virus in the cornea, con-
tributes at least partially to early reinfection of the
corneal graft and an increased rate of recurrence after
corneal transplantation.
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