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Herpes simplex virus
infection in the media
of donor corneas during
organ culture:
frequency and
consequences

Abstract

Background and purpose According to
polymerase chain reaction (PCR) studies
2-38% of organ culture donor corneas may
contain herpes simplex virus (HSV) DNA, but
there are only 6 reported instances of proven
virus replication in a corneoscleral disc.
Moreover there are only 6 patients reported in
whom primary graft failure and extensive
post-operative epithelial defects were
probably caused by a herpetic infection of the
corneal graft. Recently we observed virus
replication in a donor cornea with subsequent
complete endothelial necrosis in our cornea
bank. The aim of this study was to investigate
the possible correlation between herpetic
donor cornea infection and endothelial
necrosis in organ culture.

Methods To evaluate the frequency of HSV as
a reason for endothelial necrosis in organ
culture we tested the media of 199 donor
corneas discarded due to an altered
endothelium in the years 1997 to 1999 by PCR
for HSV. As a negative control group we
screened the media of 117 transplanted
corneas using PCR.

Results In the control group we had only
negative PCR results, in contrast to the corneas
with severe or complete endothelial necrosis
where HSV DNA was detected in 12 media of
the corneas of 9 donors. Virus could be
cultivated out of 7 media.

Conclusions (1) HSV replication is a common
cause of severe endothelial necrosis in organ
culture corneas. (2) Replication of the virus
during organ culture comes close to a virus
cultivation using the corneoscleral disc as a
cell culture. (3) We consider the danger of
transplanting active HSV to be very small if
critical assessment of the graft prior to surgery
is carried out.

Key words Donor corneas, Endothelial necrosis,
Herpes simplex virus, Organ culture

ULRIKE SENGLER, THOMAS REINHARD,
ORTWIN ADAMS, CATHARINA KREMPE,
RAINER SUNDMACHER

Up to 70% of 15- to 25-year-olds are seropositive
for herpes simplex virus (HSV) type 1 and this
proportion rises to 95-97% by 60 years of age."?
The estimated prevalence of a HSV infection is
approximately 150 per 100 000 population.®

According to polymerase chain reaction
(PCR) studies 2-38% of donor corneas stored in
organ culture may contain the DNA of HSV.*’
In contrast to this high percentage there are only
6 published cases of HSV replication being
detected and documented in a corneoscleral
disc.*™ In one case transmission of the disease
by penetrating keratoplasty was postulated as
the recipient suffered from primary graft failure
and HSV DNA was detected in the medium of
the fellow donor cornea which was discarded
due to endothelial damage.* In 2 more cases of
primary graft failure HSV DNA was detected
retrospectively by PCR in the explanted corneal
buttons. Transmission of HSV was held
responsible for the failure as the originally
explanted corneal buttons were PCR-negative
for HSV.'? Biswas et al.'® also published 2 cases
in which early graft failure and persistent
epithelial defects with following early graft
failure were seen in combination with eye
swabs positive for HSV in virus culture. In one
recently published case the transmission of the
herpetic disease by the transplantation was
proven by identifying the same genotype in the
donor- and recipient-derived HSV-1-strains.™
Furthermore, there are some reports on newly
acquired herpetic ocular manifestations in
connection with recently performed penetrating
keratoplasty.’>® The origin of the herpetic
infection remains speculative in these few
descriptions.

Last year we had a donor cornea in our eye
bank that showed epithelial alterations like a
typical herpetic dendrite in slit-lamp
examination at the beginning of organ culture.
After 1 week the initially healthy endothelium
had changed to complete endothelial necrosis.
HSV type 1 (HSV-1) was isolated in a virus
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culture out of a probe of the medium.'® The purpose of
this study was to determine how often there is a
correlation between HSV replication and endothelial
necrosis of donor corneas in organ culture.

Materials and methods

To evaluate the frequency of HSV infection in donor
corneas stored in organ culture we tested the media of
199 corneoscleral discs discarded due to endothelial
necrosis and of 117 transplanted corneas. All donor
corneas were stored in our eye bank in the years
1997-1999. The discarded corneas were frozen in their
media at 80 °C, as were the media of the transplanted
corneas.

Evaluation of endothelial necrosis

The endothelium was examined in hypotonic balanced
salt solution (BSS) by phase-contrast microscopy for
swelling of the cell borders, endothelial morphology and
cell density.'® We graded the discarded corneas into four
groups according to the extent of endothelial alteration:
group 1, only slight endothelial changes, necrosis of less
than 10% of the endothelium, but centrally located or a
cell count below 2000 cells/mm? (n =30); group 2,
moderate endothelial changes, necrosis of between 10%
and 50% of the endothelium (n = 57); group 3, severe
endothelial changes, necrosis of more than 50% of the
endothelium (n = 91); group 4, complete endothelial
necrosis, no viable endothelial cells (1 = 21). The media of
the 117 transplanted corneas with a healthy endothelium
and a cell count above 2000 cells/mm? served as a
control group.

PCR analysis

The frozen culture flasks containing the cell culture
medium were thawed and 15 ml of the medium was
subjected to centrifugation at 2000 rpm for 10 min. The
cell pellet was resuspended in 100 pl lysis buffer
containing Tween-20 and NP40, 0.5% each, followed by
digestion with proteinase K, 60 pg per ml. A 10 pl aliquot
was used for PCR using HSV primers as described by
Cao et al.> PCR reactions were performed under
standard conditions for 40 cycles (30 s at 95 °C, 30 s at
6°C, 1 min at 72 °C) using a Perkin Elmer model 9600
thermocycler. After electrophoresis on agarose gels, the
PCR products were blotted onto a membrane and
hybridised with a biotin-labelled probe followed by
incubation with a streptavidin-linked alkaline
phosphatase and NBT/BCIP. DNA extracted from cells
infected with a laboratory strain of HSV served as a
positive control. Aliquots from positive samples were
tested with two further sets of primers as described by
Cassinotti et al.*! to distinguish between HSV-1 and
HSV-2. The nested PCR as described by these authors
was modified to a single-round PCR followed by a

hybridisation with a biotinylated probe generated with
the nested primer pair. The sensitivity was determined as
400 copies of a standard plasmid.

Virus isolation

One millilitre of cell-free medium of the organ culture
was inoculated into cultures of HeLa cells and monitored
daily for the appearance of a cytopathic effect (CPE) for a
maximum of 14 days. In the cases with a positive result
the CPE appeared within 2-5 days after inoculation. The
positive results were confirmed by a standard
immunofluorescence technique using mouse monoclonal
antibodies against HSV-1 and HSV-2 (Syva Micro Trak,
Behring Diagnostics).

Results

In the control group of 117 media from transplanted
corneas with a healthy endothelium we had only
negative PCR results. Among the discarded corneas a
positive HSV PCR was seen in 12 media from the corneas
of 9 donors (6%). The positive results came only from
corneas which had shown severe or complete endothelial
necrosis (Table 1). In the group of the donor corneas with
severe endothelial changes 3 of 91 (3%) were positive for
HSV by PCR, while in the group of corneoscleral discs
with complete endothelial necrosis 9 of 21 (43%) showed
a positive result.

The second PCR to distinguish between HSV-1 and
HSV-2 was performed with these 12 media. In 4 media
no differentiation was possible, 6 media were positive for
HSV-1 and 2 media (of the same patient) were positive
for HSV-1 and HSV-2. These results are listed in Table 2.

Virus isolation was successful in 7 cases with positive
PCR results and showed CPE within 5 days of culture.
The results of the following typing into HSV-1 and
HSV-2 were identical to that of the PCR typing in all
cases. All 9 donors of the HSV-positive corneas had a
history of a long-standing or severe illness often
including a prolonged stay in hospital or even in the
intensive care unit.

Discussion

In this study HSV was detected only in the media of
discarded corneas with severe or complete endothelial
necrosis. In the latter group HSV DNA could be found in
almost half the media. We must conclude that in these
cases HSV replication is responsible for endothelial

Table 1. Distribution of HSV-positive PCR results in the discarded
corneas

Grading of endothelial necrosis PCR positive for HSV %

Group 1 = slight 0of 30 -
Group 2 = moderate 0of 57 -
Group 3 = severe 3of 91 3
Group 4 = complete 9of 21 43
Total 12 of 199 6
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Table 2. Virus cultivation and differentiation by PCR between HSV-1 and HSV-2 in the HSV-PCR-positive media of 12 donor corneas of 9 donors

Cornea no.” Grading of endothelial necrosis

PCR HSV-1/2

Virus cultivation + differentiation

1 Complete No differentiation possible Virus culture negative

2 Complete HSV-1 Virus culture positive, HSV-1

3 Severe No differentiation possible Virus culture negative

4 Severe No differentiation possible Virus culture negative

5 Complete HSV-1 Virus culture positive, HSV-1

6 Severe No differentiation possible Virus culture negative

7 Complete HSV-1 Virus culture positive, HSV-1

8 Complete HSV-1 Virus culture positive, HSV-1

9 Complete HSV-1 Virus culture positive, HSV-1
10 Complete HSV-1 Virus culture negative
11 Complete HSV-1 + HSV-2 Virus culture positive, HSV-1 + HSV-2
12 Complete HSV-1 + HSV-2 Virus culture positive, HSV-1 + HSV-2

“Corneas 4 and 5, 7 and 8, and 11 and 12 are fellow corneas of the same donor.

necrosis resembling the cytopathic effects the virus
causes in virus cultivation. We were not able to detect
HSV DNA in the media of transplanted corneas or of
discarded corneas with slight or moderate endothelial
necrosis. This is in contrast to the findings of several
previous publications.*” We cannot exclude the
possibility that performing PCR with material directly
taken from the corneoscleral discs — as in the studies by
Cleator and Openshaw - is more sensitive than testing
only the media for HSV DNA.57 On the other hand, if
there is active HSV in the donor cornea, replication of the
virus in organ culture without the limiting influence of
the immune system comes close to virus cultivation. This
is supported by the fact that virus cultivation was
successful in 7 of the PCR-positive cases within a few
days due to effective replication of the virus. Therefore,
one would not expect a lower sensitivity if only the
media are tested.

The next question is how the virus gets into the organ
culture. The answer must remain speculative. In our
opinion, the most probable origin for HSV is as yet
unrecognised HSV replication in the donor cornea at the
time of death. This was the case in the donor cornea with
a dendritic epithelial lesion and subsequent complete
endothelial necrosis we observed in our cornea bank.
Alternatively, latent virus within the trigeminal ganglion
could just have reactivated before death, resulting in
viral shedding in the corneal tissue. For both
mechanisms the pre-mortem stress would serve as a
trigger. All donors of corneas with a positive PCR result
for HSV in our study had a history of a severe or long-
standing disease and consequently probably a high
amount of pre-mortem stress. The question of whether or
not death may be an initiating factor of HSV was
investigated by Cleator et al.,* who consider viral
shedding in the tear film or into the cornea by axonal
transport at the time of death less likely. They also
discuss possible contamination and the presence of HSV
as a persistent infection or in a latent form within the
corneal tissue at the time of death. Considering the age of
the donors (range 36-77 years), a primary HSV infection
seems improbable.

Finally, there have been some publications describing
HSV DNA detection in asymptomatic corneas by
PCR,?*?3 and in donor corneas without history of
herpetic disease in a high percentage of up to 38%.° In
these cases one must ask for the clinical meaning and
consequences of a positive PCR result, especially given
the fact that the estimated prevalence of herpetic eye
disease is approximately 150 per 100 000.> The
hypothesis that in our study the corneas carried active
and replicating virus is underlined by the fact that we
were able to isolate and cultivate HSV. This was also
used as a second method in typing HSV-1 and HSV-2.
Interestingly, we observed replication of both HSV-1 and
HSV-2 in one donor, which resulted in complete
endothelial necrosis of both corneas.

How can we avoid the transplantation of donor
corneas with HSV replication? Given our results, this
possibility can almost be excluded if critical assessment
of the endothelium is performed both throughout the
culture period and shortly prior to transplantation. This
point of view is in accordance with the literature: In their
description of the connection between a herpetic
infection of a donor cornea and the subsequent complete
necrosis of the endothelium Tullo et al.® emphasise that
organ culture may serve as a ‘screening method” in
detecting infections. In the case of cold storage virus
replication is also likely to occur,'’ but as cold storage
usually extends for only 1-7 days severe endothelial
necrosis might not yet have occurred at the time of
pretransplantation examination of the graft. Therefore,
we consider cold storage to be less ‘safe’ in detecting
cytopathic changes due to herpetic viral replication.

In 5 of the reported cases with suspected or proven
HSV transmission by penetrating keratoplasty the time
elapsed between the final examination of the graft and
the transplantation is not mentioned. It might have been
long enough that major endothelial changes were not yet
visible at the time of graft assessment.**** In one of the
cases published by Biswas et al.'® the graft was examined
and assessed as suitable only 2 days before
transplantation. One would have expected that major
endothelial changes were already present after 16 days of
organ culture if HSV was present at the time of the
donor’s death. The fellow cornea of this graft was



discarded due to marked endothelial cell necrosis.
Unfortunately, no viral examinations were performed.
As HSV was cultured from eye swabs after graft failure,
contamination of the transplanted donor cornea by the
already infected and later discarded fellow cornea at the
time of explantation or during the organ culture period
may be a possible explanation for the late changes.

If endothelial necrosis due to a herpetic infection is
detected in the cornea bank one should be aware that
some risk of contamination of other grafts exists.
Therefore, hygiene recommendations should be strictly
adhered to. Furthermore, the fellow cornea of the
affected donor should be examined very critically and
not used for transplantation, as the explantation may
have been performed with the same instruments. This is
in accordance with the recommendations given by
Biswas et al."®

In summary, we screened the media of organ culture
donor corneas for HSV DNA by PCR and subsequent
virus cultivation. We detected HSV DNA only in cases of
severe or complete endothelial necrosis. We therefore
agree with Tullo et al.,® who state the usefulness of organ
culture in screening donor tissue for infective agents and
their specific sequelae, which, in the case of herpetic
infection, are a severe or even complete necrosis of the
corneal cellular material.

The authors thank M. Thieme and A. Voges for their technical
assistance.
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