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Assessment of the infectivity of comeal buttons
taken from hepatitis B surface antigen seropositive
donors
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Abstract
Sixty one corneas taken from 33 hepatitis
B surface antigen (HBsAg) seropositive
donors and 20 control corneas taken from
12 HBsAg seronegative donors were tested
for the presence ofHBsAg using reversed
passive haemagglutination (RPHA) and
enzyme linked immunosorbent assay
(ELISA) and for the presence of hepatitis
B virus core DNA (HBVcDNA) using the
hybridisation technique in their epithe-
lium, stroma endothelium, and storage
media. HBsAg was detected by ELISA in
the epithelium ofone cornea (I 606%), in the
stroma endothelial suspensions of six
corneas (9*8%), and in the storage media
of five corneas (8.2%). HBVcDNA was
detected for the first time in the cornea; in
the epithelium of four corneas (6-6%),
stroma endothelium of nine corneas
(148%), and the storage media of five
corneas (8/2%). The control corneas were
negative for HBsAg, while HBVcDNA was
detected in the stroma endothelium oftwo
corneas (10%) and in the media of two
corneas (10%). This study confirmed that
HBV can be present in the human cornea.
Preservation in corneal storage media for
up to 6 days could not eliminate the virus
from the cornea. The possibility of HBV
transmission through corneal trans-
plantation should not be overlooked.
(BrJ Ophthalmol 1995; 79: 6-9)

Transmission of donor disease to the recipient
through corneal transplantation, though rare,
is a recognised event.' Three cases of viral B
hepatitis possibly transmitted via keratoplasty
have been reported.1 2 Nevertheless, the high
contagiousness of hepatitis B virus and the
seriousness of the disease it produces point to
the importance of elimination of any potential
source of transmission.3

Hepatitis B virus (HBV) belongs to the
family Hepadnaviridae, which displays promi-
nent hepatotropism. However, several reports
have demonstrated that the hepatitis viruses
gain access to cells other than hepatocytes.46
Hepatitis B surface antigen (HBsAg) sero-
positive donors are excluded from eye banks as
they are considered a potential source of trans-
mission of viral B hepatitis. However, this

antigen has been found so far in corneal epithe-
lium but not in other corneal tissues.7 While
HBsAg is located on the infectious virus
envelope, it is also found on non-infectious
particles.8 Therefore, the detection of HBsAg
in a tissue does not imply its infectivity. Owing
to a better understanding of this virus and to
the use of viral DNA as a marker of complete
replicative forms, it is now possible to confirm
the state of HBV infectivity in tissues.9 Both
enzyme linked immunosorbent assay (ELISA)
and detection of HBVDNA by hybridisation
have been used previously for the detection of
HBV markers in different tissue extracts.2 5 10

The aim of this study was to correlate
HBsAg seropositivity in corneal donors with
the presence or absence of both HBsAg and
hepatitis B virus core DNA (HBVcDNA) in
corneal tissues.

Materials and methods
Sixty one corneoscleral buttons from 33
HBsAg seropositive donors were obtained
from Cairo University Eye Bank (CUEB).
Twenty corneoscleral buttons from 12 HBsAg
seronegative donors were used as controls.
These control comeas were not used for
surgery because of causes other than HBsAg
seropositivity. Seropositivity of these donors
was tested by latex agglutination technique
using the commercial kit supplied by Stanbio
(Texas, USA); Stanbio hepatitis B procedure
No 1195.

Before the results of serum testing five
corneoscleral rims were preserved in 20 ml of
Dexsol medium and 76 in 20 ml of McCarey-
Kaufman (MK) medium. Both media were
supplied by Chiron Ophthalmics (California,
USA). All specimens were kept in the CUEB
refrigerator at 40C until seropositivity was con-
firmed.

All specimens were manipulated with sterile
gloves in the chamber of a laminar airflow
apparatus. The bottle was opened, the corneo-
scleral button was held using a fixation forceps,
removed from the bottle, washed with saline
solution, and placed (epithelial side up) in a
sterile petri dish. Using the fixation forceps and
scissors, the scleral rim was excised and thrown
away. With the cornea firmly held down on the
petri dish, the epithelium was scraped with
No 11 surgical blade, then washed from the
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Table 1 Results ofHBsAg and HBVcDNA testing in
epithelium, stroma endothelium, and preservative media of
61 corneas taken from 33 donors with HBsAg
antigenaemia

Stroma
Epithelium endothelium Medium

HBsAg 1 (1-60) 6 (9-8%) 5 (8-20/)
HBVcDNA 4 (6-60/) 9 (14-80/) 5 (8-20/)
Positives for both
markers together 5 (8/2%) 12 (19-7%) 10 (16.4%)

HBsAg=hepatitis B surface antigen.
HBVcDNA=hepatitis B virus core DNA.

blade down into a tube with 0-25 ml of saline
solution.
The stroma endothelium was again washed

with saline solution and fragmented with
scissors into the smallest pieces possible
(approximately 1 mm in diameter), then put
into a tube and 1 ml of saline solution added.
The tube containing the stroma endothelial
pieces was then put in a sonicator at 460 W/cm2
for 10 minutes. All three specimens - that is,
epithelial suspension, stroma endothelial sus-
pension, and corneal preservation medium,
were then kept in the refrigerator at 4°C. All
samples were first tested for HBsAg using
Albugani's (Zurich, Switzerland) reversed pas-
sive haemagglutination (RPHA) test kit.
HBsAg was also tested for in the samples with
ELISA using the commercial kit supplied by
Hoechst (Marburg, Germany); Enzygnost
HBsAg monoclonal. All samples were tested
for the presence of HBVcDNA in the virology
laboratories of Al-Azhar University with the kit
supplied by Dupont (California, USA);
Hepatitis B virus (core antigen) SNAP hybridi-
sation system (Catalogue No NEP-004)
according to the manufacturer's manual. No
attempt was made to extract DNA. The assays
were performed on the crude sonicate. The
membranes were prepared and assembled on
the manifold apparatus. Samples, positive
control (supplied), and negative control were
added and prepared for hybridisation which
was carried out for 15 minutes at 550C.
Membranes were then washed as described in
the manual. Colour was detected using an
alkaline phosphatase buffer substrate system at
room temperature.

Results
Of the 61 corneas obtained from HBsAg
seropositive donors, none of the specimens was
found positive for HBsAg using the RPHA
technique. Using ELISA, HBsAg was detected
in 10 corneas, their media, or both (16-4%)
taken from eight donors. A positive signal for
HBVcDNA was detected in 15 corneas, their
media, or both (24-6%) taken from nine
donors.

Table 2 Results ofHBsAg and HBVcDNA testing in
epithelium, stroma endothelium, and preservative media of
20 corneas taken from HBsAg seronegative donors

Stroma
Epithelium endothelium Medium

HBsAg 0 0 0
HBVcDNA 0 2 (10%) 2 (10%)

The epithelial scrapings of one cornea
(1 6%) tested positive for HBsAg using
ELISA, while those of another four corneas
(6-6%) taken from four donors tested positive
for HBVcDNA (Table 1).
The stroma endothelial suspensions of six

corneas (9.8%) taken from four donors were
found positive for HBsAg using ELISA, while
those of nine corneas (14-8%) taken from five
donors were positive for HBVcDNA (Table 1).
Of the above, three stroma endothelial suspen-
sions from two donors were positive for both
HBsAg and HBVcDNA. These positive
corneas remained in their preservative media
for 1-6 days.
The preservative media of five corneas

(8-2%) taken from four donors were positive
for HBsAg using ELISA. Of these, four were
MK and one was Dexsol. One MK medium
contained the cornea for just 1 day before
preparation, while the other four corneas
remained in their media for 3-7 days. The
media of another five corneas (8-2%) taken
from three donors tested positive for
HBVcDNA (Table 1). All of these media were
MK. The period of preservation ranged
from 2-8 days. Of the 10 corneas preserved
in the media which tested positive for HBsAg
or HBVcDNA, one epithelial suspension
tested positive for HBVcDNA, two stroma
endothelial suspensions were positive only for
HBsAg, two were positive only for
HBVcDNA, and one was positive for both
markers. The total number of corneas giving
positive results in their tissues was six. The
marker found in corneal tissue was the same
found in the medium except in one case in
which the corneal tissue was positive only for
HBVcDNA while the medium was positive
only for HBsAg.
Of the 51 corneas preserved in media which

were negative for both markers, the epithelial
suspension of one cornea was positive for
HBsAg and those of another three corneas were
positive for HBVcDNA, one stroma endothelial
suspension tested positive only for HBsAg,
three tested positive only for HBVcDNA, and
two tested positive for both markers. A total of
10 corneas gave positive results.
Of the 20 control corneas obtained from

HBsAg seronegative donors, no tissue suspen-
sion or medium was positive for HBsAg. The
stroma endothelium oftwo corneas taken from
the same donor and the preservative media of
another two corneas of two different donors
were positive for HBVcDNA (Table 2). Both
of these media were MK.

Discussion
Since the discovery of the possibility of trans-
mission of some viral diseases through corneal
transplantation, it has been questioned
whether or not transmission of HBV infec-
tion could possibly occur in the same way.
HBsAg was previously detected in tears,3 11-13
aqueous,7 12 13 subretinal fluid,'4 conjunctiva,
corneal epithelium, and uveal tissue.7 While
this antigen is located on the infectious virus
envelope, it is also found on non-infectious
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particles.8 Owing to a better understanding of
the nature of this virus and to the use of viral
DNA as a marker of complete replicative
forms, it is now possible to confirm the state of
HBV infectivity in tissues.9 15 The hybridisa-
tion technique used for HBVDNA detection
is highly sensitive.16 17 It has been used
successfully to detect HBVDNA sequences in
different minced tissues.6 10

In this study, HBsAg could be detected in
none of the corneal samples using RPHA.
Using ELISA, HBsAg was detected in 10 out
of 61 corneas (16&4%) taken from seropositive
donors. Fifteen corneas (24-6%) were positive
for HBVcDNA. Failure of detection ofHBsAg
in the samples using RPHA points to the low
sensitivity of this test. This is in accordance
with previously published data.16
The presence of HBsAg and HBVcDNA in

epithelial samples may be caused by the actual
presence of the virus in epithelial cells.
Diffusion from perilimbic capillaries is still a
possibility. Gastaud et al 3 detected both
HBsAg and HBVDNA in tears; however,
contamination from tears is unlikely as the
epithelial surface was washed before scraping.
HBsAg has been detected previously using

ELISA in emulsified whole corneas of a
seropositive donor.2 The positive result could
be caused by the presence of HBsAg in the
epithelium, stroma, endothelium, or con-
tamination of the endothelial surface from
adjacent aqueous. In the current study, how-
ever, emulsification was carried out after
epithelial scraping followed by washing of both
epithelial and endothelial surfaces. Hence, the
possibility of viral adherence to the endo-
thelium from adjacent aqueous is minimal. As
no attempt was made to separate endothelium
from stroma, these positive results may reflect
the presence of the virus in endothelium,
stroma, or both. As no vascularised corneas
were used in the study, the possibility of blood
contaminating the samples is unlikely. The
occurrence of more positive results for both
markers in the stroma endothelial samples
than epithelial samples may be attributed to
different dilution standards used for both
samples. In the mean time, the occurrence of
more overall positive results with HBVcDNA
than with HBsAg may reflect the higher sensi-
tivity of molecular hybridisation over other
serological tests including ELISA used to
detect HBsAg. In one report HBVDNA was
detected in 65-2% of samples negative to
HBsAg by RPHA.16

Detection of viral markers in the preserva-
tive media is probably due to diffusion from
the corneal tissue. However, presence of blood
traces in the media might be another cause,
although blood was not evident grossly in any
of the samples.
Of the 10 corneas preserved in media which

tested positive for either marker, six corneas
were positive for HBsAg, HBVcDNA, or both
in their tissues, while four were negative for
both markers. Of the 51 corneas preserved in
media which tested negative for both markers,
10 corneas were positive for HBsAg,
HBVcDNA, or both in their tissues. So, it is

likely that four out of 10 corneas became nega-
tive after diffusion of their markers to their
storage media. Of these four corneas, one
remained in its medium for only 1 day. On the
other hand, viral markers in 10 positive
corneas failed to diffuse to the surrounding
medium in detectable levels, although some of
them were kept in their media for up to 6 days.
Thus, the storage medium did not have a
hypothesised beneficial effect in diluting the
virus particles, even with prolonged preserva-
tion (up to 6 days). The duration of storage
was irrelevant to diffusion of markers to the
medium.
The presence of positive results for

HBVcDNA in three out of 12 HBsAg sero-
negative donors may be explained by real
absence of HBsAg from the circulation in one
stage of the disease (window phase). Alterna-
tively, it can reflect a false negative result
associated with latex agglutination. It is also
probable that the serum of these seronegative
donors did contain amounts of HBsAg too
small to be detected by that test. Con-
sequently, HBsAg could not reach detectable
levels in their corneas. However, HBVcDNA
could be detected with the more sensitive
hybridisation technique in the corneas. Prob-
ably, these donors and one or more HBsAg
seronegatives would be seropositive for
HBVcDNA.

Transmission ofHBV infection via the con-
junctival route can occur as shown by the
experimental inoculation of infectious material
into the conjunctival sac of a chimpanzeel8 and
the possible transmission of the disease to a
nurse who had a splash of infective blood onto
her eyes.19 This study detected that not only
the surface antigen but also the viral DNA
itself could be present in corneal tissues pre-
pared for surgery, even after storing them for
up to 6 days in corneal storage medium. To
our knowledge, this is the first published work
to search for and document the presence of
HBVDNA in the cornea. The conditions of
tissues used in this study were nearest to
surgical conditions; no vascularised corneas
were used, scleral rims were excised, no
attempt was made to separate endothelium
from stroma, corneoscleral buttons were taken
from apparently healthy donors, jaundice was
present in only one donor, who oddly did not
show any positive results.

While three of 12 donors seronegative for
HBsAg were positive for core DNA in corneal
tissue/media, there were no cases reported to
CUEB of possible transmission of clinical
hepatitis after corneal grafting. An unanswered
question is whether the amount of the virus
present in the tissue constitutes an infectious
inoculum when introduced through the eye.
What is infectious by a certain route might not
be so by another route. Infectious saliva could
transmit hepatitis when administered sub-
cutaneously to gibbons, but the same material
failed to infect the animals when administered
orally.20 21 Is the amount of the virus present in
the cornea so small that it can not introduce
infection through the eye which probably
needs such a high concentration for the
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infection to be transmitted? Noteworthy too is
the fact that despite the presence of HIV in the
cornea,22 its transmission through corneal
transplantation could not be documented with
many inadvertent transplantations from sero-
positive to seronegative recipients.23 24

However, until these questions are
answered, eye banks should continue the
current policy, of rejecting tissues of any donor
who proves to be HBsAg seropositive. Great
care should be taken during handling of tissues
even those of HBsAg seronegative donors.
Good medical records with accurate history
and laboratory investigations should be avail-
able for and properly used by the eye bank
personnel. This might exclude a seronegative
donor with a known history of hepatitis
harbouring the virus in his cornea. Routine
screening of corneal donors should preferably
be done with a more sensitive test. CUEB has
replaced latex agglutination by ELISA for
screening of corneal donors. Eye surgeons
should always bear in mind that they are
dealing with tissues and tissue fluids that are
potentially contagious. All precautions to
protect surgeons and their patients should
be sought. After trephining corneas from
corneoscleral buttons, corneas may not be
covered with the preservative solution but a
viscoelastic substance is a good alternative.
Residual scleral tissue should be properly
disposed of.
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