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Fluid samples derived from 451 organ cultured
corneae were tested for the presence of HSV-1
DNA after electroseparation and amplification
for fragments of the glycoprotein D- and thymi-
dine kinase-encoding genes. Of the culture me-
dia, 134 were processed immediately after with-
drawal (Group 1); 100 were stored at ambient
temperature for 6 to 60 weeks (Group 2); 90 were
stored at −8°C for 4 to 9 weeks (Group 3); and
127 were stored at −20°C for 2 to 30 weeks
(Group 4). The degradation of human DNA
(marker gene, betaglobin) under these different
storage conditions and of human and HSV-1
DNA as a sequential function of time at ambient
temperature was gauged by the loss of a detect-
able signal for the respective component. Endo-
thelial cell density within each of the corneal
discs was determined before and after organ
culture.

In 7/451 culture fluid samples, HSV-1 DNA cor-
responding to either the glycoprotein D- or thy-
midine kinase-encoding genes was detected. In
culture fluid samples derived from Groups 2 at
ambient temperature, for 6 to 60 weeks) and 3
(at −8°C, for 4 to 9 weeks), complete degradation
precluded the detection of human DNA, and
hence probably also of HSV-1 DNA; only at
−20°C did DNA remain stable for protracted pe-
riods of time. Even so, HSV-1 DNA was detected
in only 2% of those media in which no degrada-
tion was to be expected; additionally, there ex-
isted no correlation between its presence in cul-
ture fluid samples and the loss of endothelial
cells or cytopathic changes.

DNA can be extracted successfully and con-
centrated twenty-fold from high-volume sam-
ples by electroseparation. When shed into cul-
ture fluid, it is remarkably prone to a time and
temperature dependent degradation, which may
lead to false negative results. It is concluded that
there is no infectious virus to be expected in the
specimens; the occurrence of HSV-1 DNA in do-
nor corneae would not appear to be an impor-
tant factor influencing their biological quality

during the period of organ culture. J. Med. Virol.
52:320–325, 1997. © 1997 Wiley-Liss, Inc.
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INTRODUCTION

Corneoscleral discs derived from seemingly healthy
donors have been shown to contain HSV-1 DNA in 9 to
25% of cases, depending upon the topographic origin of
samples taken for analysis (the smaller quota apper-
taining to centrally derived and the larger to limbally
derived tissue). The detection of viral DNA does not
allow differentiation between the presence of non-
replicative viral DNA and infectious virus. Therefore,
individuals may harbour this pathogen without actu-
ally manifesting disease symptoms [Crouse et al., 1990;
Cantin et al., 1991; Kaye et al., 1991; Cleator et al.,
1994], and their corneae could thus unknowingly serve
as a potential vehicle of infection from donor to recipi-
ent. Further evidence for such possibility comes from
animal studies [Cook and Brown, 1986; Cantin et al.,
1992]. Although surgical trauma, such as penetrating
keratoplasty, may induce viral reactivation in cases of
latent corneal infection [Nicholls et al., 1996], the pos-
sibility of donor-to-recipient transmission of HSV-1
DNA via transplanted corneae, and its potential patho-
genic consequences, have not been investigated conclu-
sively [Morris et al., 1996].

In 1992, we observed spontaneous endothelial necro-
sis in a 10-day organ-cultured cornea derived from a
65-year-old donor who had died of acute cardiovascular
insufficiency. Immediately after excision, the endothe-
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lium had appeared normal with respect both to mor-
phology and cell density when viewed in the inverted
phase-contrast microscope. The subtotal necrosis re-
vealed upon routine examination prior to transplanta-
tion could not be attributed to bacterial or fungal in-
fection of the culture, but both the corneoscleral button
and the bathing medium were positive for HSV-1 DNA.
As a follow-up to this interesting observation, we de-
liberately infected corneoscleral discs destined for or-
gan culture with the HSV-1 virus in order to test its
effect on endothelial viability. As anticipated, total ne-
crosis indeed occurred [Boehnke et al., 1992]. A similar
correlation has been reported by other investigators
[Tullo et al., 1990; Cleator et al., 1994].

Analysis of culture medium samples for the presence
of viral DNA is naturally undertaken on the presuppo-
sition that if present, this material has remained stable
under the storage conditions adopted prior to use [Mor-
ris et al., 1996]; but this is an assumption which lacks
experimental corroboration. The consideration is an
important one since, if degraded, viral DNA will elude
detection, thereby giving rise to a false negative result.
In the current study, samples withdrawn from the me-
dia bathing organ cultured corneae destined for trans-
plantation were tested for the presence of HSV-1-DNA,
and these data correlated to the loss of endothelial cells
during culture, which would have to be markedly
higher in corneae containing replicative infectious vi-
rus. The stability of both viral and human DNA as a
function of storage time and temperature was also in-
vestigated.

MATERIALS AND METHODS
Experimental Set-up

Single 10 ml samples withdrawn from the media of
451 organ cultured corneae destined for transplanta-
tion were used in this study. One hundred thirty-four
samples were processed immediately after dissection
(Group 1); 100 were stored at ambient temperature for
6 to 60 weeks (Group 2); 90 were stored at −8°C for 4 to
9 weeks (Group 3); and 127 were stored at −20°C for 2
to 30 weeks (Group 4) prior to analysis.

Each corneal disc was inspected with the slit lamp,
and endothelial morphology as well as cell density were
evaluated by inverted phase-contrast microscopy both
prior to and after culturing. Organ culture was carried
out as outlined in the ‘‘Guidelines of the European Eye
Bank Association’’ (1996). Briefly, the culture fluid con-
sisted of Minimal Essential Medium containing Eagle’s
salts, 2% foetal calf serum, 0.1 mg/ml Penicillin, 0.1
mg/ml Streptomycin and 0.03 mg/ml Amphothericin B.
After dissection and examination, corneal discs were
immersed in culture medium and stored under sterile
conditions at 32°C, in a humidified atmosphere con-
taining 5% CO2, for 4–42 days until 12 hours prior to
transplantation. Tissue buttons were then transferred
to fresh culture fluid containing additionally 6% Dex-
tran 500000. A 10 ml sample (representing 25% of the
total fluid volume) was withdrawn from each of the
Dextran-lacking media under sterile (laminar flow)

conditions and subjected to electroseparation either
immediately or after storage, according to the strategy
outlined above.

The total DNA fraction contained within each 10 ml
aliquot of culture medium was electroseparated, and
that corresponding to glycoprotein D- and thymidine
kinase-encoding genes of HSV-1, as well as that for
human betaglobin, amplified. These products then un-
derwent separation by agarose gel electrophoresis,
Southern blot transfer, and DNA-DNA hybridization.
Amplifications were undertaken in duplicate, and viral
DNA was considered to be present in a culture medium
if that encoding for either glycoprotein D or thymidine
kinase was detected in each case.

Electroseparation of the Total DNA Fraction

A commercially available electroseparation system
(Biotrapt, Schleicher & Schüll, Dassel, Germany) was
used according to the manufacturer’s instructions, but
scrupulous care was necessary to avoid DNA being car-
ried over from previous runs. This involved a rigorous
cleaning (hydrochloric acid) and decontamination (UV-
irradiation) procedure.

Electroseparation membranes permitting the en-
trapment of DNA fragments larger than 3–5 kDa
(BT1t, Schleicher & Schüll, Dassel, Germany) and
which were negative for human and viral DNA were
attached on each side of the electroseparation chamber,
4 such chambers were inserted in parallel. The running
buffer (0.5 × TBE) consisted of 45.5 mM Tris (Hydroxy-
methylaminomethan), 45.5 mM sodium borate, and 1
mM EDTA (pH 7.6). Electroseparation was performed
at ambient temperature either for 6 (200V/100mA) or
12 to 16 hours (100V/50mA). Upon completion of a run,
membranes at the anodal end of each chamber were
transferred to sterile microtubes containing 200 ml of
lysis buffer (10 mM Tris-Cl, 50 mM KCl, 2.0 mM
MgCl2, 0.5% Tween 20; pH, 8.3), and the whole was
incubated at 62°C for 1 hour and at 95°C for 10 min-
utes, with continuous rotation. Five ml of the superna-
tant were used immediately for amplification experi-
ments, as well as for random testing of DNA and pro-
tein concentrations.

Each electrophoresis run was carried out in the pres-
ence of negative and positive controls. The former in-
cluded buffer or fresh organ culture medium; the latter
consisted of culture media negative for viral DNA, but
harbouring human genomic DNA, as well as native
media or buffers spiked with HSV-1 DNA at a final
concentration 10-fold to 100-fold lower than the PCR
detection level. Using this dilution, a negative amplifi-
cation signal would be obtained if either electrosepara-
tion or DNA amplification or both were run under sub-
optimal conditions and thus would permit an indepen-
dent assessment of both the electroseparation and
DNA amplification systems. A second sample with-
drawn from each culture medium was subjected ran-
domly to an independent electroseparation run, but
this was undertaken as a matter of course if the first
was positive for viral DNA.

HSV-1 DNA in Corneal Organ Culture Media 321



DNA Amplification and Detection

The amplification procedure has been described fully
elsewhere [Garweg and Boehnke, 1996], and only the
pertinent details are outlined. Each of the two primers
was derived from the glycoprotein D gene of HSV-1
(Aurelius et al., 1991). The amplification mixture con-
sisted of 10 mM Tris (pH 8.3), 50 mM KCl, 2.0 mM
MgCl2, 0.02% gelatine (w/v), desoxinucleoside triphos-
phates at 200 mM, 1 unit of Thermus brockianus DNA
polymerase (Finnzymes, Espoo, Finland), 50 pmoles of
each primer, and 5 ml of the supernatant derived from
lysed, electroseparated samples, the whole made up to
a volume of 50 ml. The amplification protocol included
denaturation of DNA at 95°C for 5 minutes, then 35
cycles comprised to denaturation at 95°C for 60 sec-
onds, primer annealing at 60°C for 30 seconds, and
fragment elongation at 72°C for 90 seconds; this was
followed by a final fragment elongation step at 72°C for
7 minutes. All buffers and media employed were run
routinely through this protocol (as internal negative
controls) in order to exclude the possibility of viral con-
tamination. Controls for specificity included culture su-
pernatants from cells infected with HSV-1, HSV-2,
VZV, or CMV; a positive control containing 10 ng
HSV-1 DNA was also tested. The amplified DNA frag-
ment consisted of 221 base pairs and was visualized on
a 3% NuSieve agarose gel (FMC Bioproducts, Rock-
land, ME) by staining with 0.01% ethidium bromide.
After determining the size of the amplificate according
to the mobility of molecular weight markers (pBR322,
Hae III Digest; Sigma Chemicals, Louisville, New Ha-
ven, CT) run in parallel, DNA was transferred onto
nylon membranes (Hybond N+, Amersham, Arlington
Heights, IL) by capillary blotting [Southern, 1975] and
fixed with 0.4M NaOH [Reed and Mann, 1985]. For
DNA hybridization, a buffer consisting of 50% forma-
mide, 5×SSC, 0.02% SDS, 0.1% N-lauroyl-sarcosine,
0.1% BSA, and 20 mg/ml salmon sperm DNA was used,
together with a probe generated by random introduc-
tion of Digoxigenin-11-dUTP (Boehringer, Mannheim,
Germany) in a nested PCR-setting using internal prim-
ers (locations 51–71 and 166–188 [Aurelius et al.,
1991]). Bound probe was visualized by light emission
from a lumigen (Lumigen PPDt, Boehringer Man-
nheim, Germany) used as a substrate for alkaline phos-
phatase bound to anti-Digoxigenin antibody. Amplifi-
cation of a 110-base pair-fragment of the thymidine
kinase gene was likewise performed using the 35-cycle
protocol outlined above, but primer annealing was ef-
fected at 58°C rather than at 60°C [Lynas et al., 1989].

A 268–base pair fragment of the human betaglobin
gene, which was reasonably expected to be present con-
sistently in any sample containing human cells, was
amplified from approximately every third culture fluid
sample by random selection, in order to assess whether
DNA degradation had occurred under the storage con-
ditons adopted; the rate of degradation obtaining at
ambient temperature as a function of time was also
assessed. The amplification protocol consisted of 45

cycles, and primer annealing was conducted at 60°C for
1 minute [Bauer et al., 1991]. Hybridization of human
DNA was deemed to be unnecessary, since samples
were expected to contain larger quantities of this ma-
terial. DNA degradation was considered to have oc-
curred if samples failed to register an amplification
signal for human betaglobin gene-DNA. To exclude the
possibility of an internal inhibition of amplification,
several samples were also spiked with low amounts of
HSV-1 DNA prior to this procedure.

RESULTS
Quality of Electroseparated DNA

After electroseparation, a 20- to 50-fold increase in
DNA concentration was found after spiking culture me-
dia with defined amounts of HSV-1-DNA, this discrep-
ancy in the degree of enhancement reflecting the extent
to which DNA was reeluted from electrophoresis mem-
branes into the lysis buffer. The protein concentration
in culture media ranged between 500 and 1000 mg/ml,
whereas that in the lysis fluid after reelution of mem-
brane-bound components was 54 (24 to 62) mg/ml (Mi-
cro BCA Protein Assay, Pierce, Rockford, IL). Hence
90% of contaminating proteins were eliminated by elec-
troseparation; the remaining 10% elicited a 2- to 5-fold
inhibition of DNA amplification, whereas non-
electroseparated culture fluid and Optisolt (a commer-
cial organ culture medium) evoked a 20- to 50-fold in-
hibition and a complete inhibition, respectively. The
proportion of DNA to other contaminating substances
was determined by measuring the light absorption at
260 and 280 nm and was found to be 8 (5–21)% (corre-
sponding to an absolute concentration of 0.5–4 mg/ml)
and 51 (31–65)% (corresponding to an absolute concen-
tration of 4–26 mg/ml) in culture media and elec-
troseparated eluates, respectively.

Stability of DNA in Culture Fluid

Samples of medium negative for HSV-1 DNA, de-
rived from the fluid bathing 2 partner corneae cultured
for 14 days, were used to assess the rate of herpetic
DNA degradation by intrinsic DNAse activity. The first
medium was spiked with low copy numbers of HSV-1
DNA, while the second remained untreated. After 0, 7,
14, 28, and 60 days of storage at ambient temperature,
aliquots were withdrawn for electroseparation and am-
plification. In the spiked medium, signals correspond-
ing to HSV-1 and human betaglobin DNA were no
longer registered after 7 and 60 days, respectively. In
the unspiked medium, HSV-1 DNA was, as expected,
at no time detectable; that corresponding to human
betaglobin was, again, completely degraded after 60
days (Table I, Fig. 1). From the culture media included
in this study, human DNA was amplified from samples
processed immediately after withdrawal and from
those stored for various durations at ambient tempera-
ture, −8°C, or −20°C (corresponding to Groups 1, 2, 3,
and 4, respectively). The data in Table II reveal that
depression of sample temperature to −8°C was insuffi-
cient to prevent degradation of human DNA; only at
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−20°C did this species remain stable for a protracted
period of time (Table II).

Detection of HSV-1 DNA in Culture Fluid

HSV-1 DNA from the gene encoding for glycoprotein
D was detected in one of the culture media samples
processed immediately after withdrawal (Group 1) and
in one of those maintained at −20°C (Group 4), but in
none of those stored at ambient temperature (Group 2)
or at −8°C (Group 3). Two samples in each of Groups 1
(immediate proceeding), 2 (storage at ambient tem-

perature), and 4 (storage at −20°C), but none in Group
3, registered the presence of thymidine kinase-
encoding herpetic DNA (Table III); in one instance
(Group 4), both markers for HSV-1 DNA were detected
in the same sample.

Endothelial Cell Counts

Estimates of endothelial cell density in corneae de-
rived from HSV-1 DNA-positive and negative media
did not differ from one another, either before or after
organ culture; the cell losses incurred during the period
of incubation were also comparable (x2-test: P 4 0.44;
Table IV).

DISCUSSION

In the current study, electroseparation of necessarily
large volumes of media derived from organ cultured
corneae permitted a twenty-fold enhancement in DNA
concentration upon reelution into lysis buffer and a
concomitant elimination of contaminating proteins to
the extent of 90%.

A somewhat disturbing finding was that DNA is re-
markably prone to degradation in stored samples of
culture media (probably by intrinsic DNAase activity),
since this is both time (Table I) and temperature (Table
II) dependent in the case of that encoding for the hu-
man betaglobin gene. Early loss of the amplification
signal for the HSV-1 glycoprotein D gene in culture
media spiked with low copy numbers of HSV-1 DNA
(Table I) and the higher incidence of detection of the
thymidine kinase gene fragment (which is shorter and
probably more stable than the glycoprotein D one;
Table III), supports this interpretation. A storage of
culture media under conditions which are not well de-
fined, may, as shown in this study, lead to false nega-

TABLE I. Degradation of DNA With Time*

Storage
time
(days)

Culture medium spiked
with HSV-1 DNA

Partner medium
(unspiked)

Human
betaglobin

gene

HSV-1
glycoprotein D

gene

Human
betaglobin

gene

HSV-1
glycoprotein D

gene

0 + + + −
7 + − + −

14 − − + −
28 (+) − + −
60 − − − −

*Storage was at ambient temperature. +, strong signal; (+), weak signal; −, no
signal.

Fig. 1. Agarose gel illustrating the variation in signal intensity for
human betaglobin gene DNA amplified from organ culture media
stored under different conditions. Lanes 1, 13: molecular weight
marker (pBR 322.Hae III digest, Boehringer Mannheim, Germany);
lanes 2–11: media stored at ambient temperature for 6 to 60 weeks
(Group 2); lanes 12, 14–22: media stored at −20°C for 2 to 30 weeks
(Group 4); lane 23: positive control (0.1 mg human genomic DNA);
lane 24: negative (buffer) control.

TABLE II. Detection of Human DNA Under Different
Storage Conditions

Group Storage condition

Human
betaglobin

gene

1 Immediate processing 33/34
2 Ambient temperature for 6 to 60 weeks 2/29
3 −8°C for 4 to 9 weeks 0/32
4 −20°C for 2 to 30 weeks 38/38
Total 73/133
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tive results, which we were not aware when designing
the study. After we had found a complete degradation
under a storage at ambient temperature, and, in par-
allel, an almost complete one at 4°C, we decided to
compare a storage at −20°C (at which temperature
most enzyme activity has quietened down) and an im-
mediate work up of materials, which we now believe to
be the best investigational protocol. However, the data
showed that if an immeidate work-up is not possible,
storage at −20° may be appropriate to inhibit DNA deg-
radation for a limited period of time. The stability of
DNA in culture media has important implications for
all investigations in which the concentration of target
DNA is low or in which maintenance of its integrity
influences the outcome of results. Regarding this point,
the study of Morris et al. [1996] lacks information
about storage conditions and the time from end of cul-
ture to extraction of DNA. These probably were not
documented because the relevance of these factors has
not been recognized. Consequently, the suitability of
their results to estimate the risk of viral contamination
of corneal donor tissue cannot be evaluated with the
information provided.

The mechanisms underlying the latency and reacti-
vation of HSV-1 infection in humans are but poorly
understood. The existence of herpetic DNA in the ab-
sence of manifested symptoms of its activity has been
demonstrated in both normal and diseased corneal tis-
sue in human [Rong et al., 1988; Crouse et al., 1990;
Cantin et al., 1991; Holbach et al., 1991; Kaye et al.,
1991; Ohashi et al., 1991; Rong et al., 1991] and animal
studies [Openshaw, 1983; Cantin et al., 1992]. Viral
antigen, presented to the immune system by corneal
epithelial cells [Fahy et al., 1993], triggers a cytokine-

induced overexpression of class I and II human leuko-
cyte antigens in the central corneal epithelium and
stroma [Pepose et al., 1985], where it attracts CD4-
positive T cells and Langerhans cells [Hendricks et al.,
1992]. Instigation of this train of events may contribute
to an increased risk of graft rejection [Missotten, 1994],
although the expression of class II antigens and the
number of Langerhans cells present in corneal discs
are known to undergo a gradual regression during the
course of organ culture [Boehnke, 1991]. We did not
test for the presence of viral antigens in the culture
fluid nor for the expression of HLA class II antigens in
our transplant tissues. Nevertheless, in our series the
post-transplantation history was obtainable corre-
sponding to positive cultures from 5 of 7 corneal grafts.
It showed a completely uneventful postoperative
course without graft rejection episodes or signs of her-
petic activity in any of the four grafted corneal trans-
plants, as did the corresponding partner tissues. The
fifth corneoscleral disc was not grafted, but it showed a
vital and stable endothelium and normal stromal kera-
tocytes at the final examination after more than 2
months of culture.

We demonstrated the release of HSV-1 DNA into the
media of organ cultured corneae in less than 2% of
cases, but its presence was not, as suspected on the
basis of previous data [Boehnke et al., 1992], correlated
to the loss of endothelial cells (Table IV). This gives
strong evidence that there was not a replicative infec-
tious virus.

For corneal organ culture, standard cell culture
methods are used. If infectious virus were present in
the culture, it would produce cytopathic changes to the
graft and the epithelial cell layer on the bottom of the
culture, both of which have regularly been examined
throughout organ culture. Because the sensitivity of
such culture system is identical to conventional shell
vial virus culture technique (except for the additional
use of immunofluorescence technique), there was no
rational base to include virus culture into our protocol.
However, not even this would, of course, have allowed
us to exclude definitely the possibility that infectious
herpes virus existed in transplant tissue, since target-
ing of endothelial cells may represent an advanced
stage in corneal infection. But that such was the case
seems unlikely: if donor corneae had indeed harboured
HSV-1, then organ culture should have precipitated
the reactivation of latent infection during the period of
incubation adopted by ourselves (4–42 days [O’Brien
and Taylor, 1989]); inevitably, such replicative virus
would have impaired the tissue and thus have been
detected not only by the presence of its DNA. The pos-
sibility of a donor-to-recipient transmission of replica-
tive HSV-1 can therefore be excluded with reasonable
certainty.
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