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Abstract
Background Cytomegalovirus (CMV) endotheliitis is a significant cause for acute corneal allograft rejection in East Asian
populations, where there is a high CMV seroprevalence. To determine how frequently CMV is associated with corneal graft
failure in the UK, we looked for the presence of CMV DNA in grafts that had failed and had been removed at repeat keratoplasty.
We also looked for CMV DNA in corneal rims discarded after corneal transplantation.
Methods In this retrospective study, we identified 54 cases of corneal graft failure following endothelial rejection and 38 control
grafts that had failed without a history of endothelial rejection. For these groups archived formalin-fixed paraffin-embedded (FFPE)
tissue samples were retrieved. We also prospectively examined 80 non-fixed cornea rims following transplantation surgery. In all
samples nested quantitative PCR was used to identify CMV, herpes simplex virus (HSV) and varicella zoster virus (VZV) DNA.
We also used in situ hybridisation to examine for CMV DNA in the FFPE samples.
Results No CMV or VZV DNA was detected in any of the archived case or control FFPE tissues. One corneal rim from the
control group was positive for HSV. In situ hybridisation for CMV was negative for CMV in all FFPE samples. No CMV,
VZV or HSV DNA was detected in the donor corneal rim samples.
Conclusion CMV DNA was not identified in excised failed corneal tissue or from tissue prior to transplantation. We infer
that CMV infection is not a significant factor risk for corneal graft failure in the United Kingdom.

Introduction

Cytomegalovirus (CMV), or human herpes virus type 5, is a
common human pathogen with a high seroprevalence in the
United Kingdom (UK) population, ranging from 49% in
White women born in the UK to 98% in South Asian women
born in Asia [1]. CMV rarely causes clinical disease in
immunocompetent individuals, although active CMV infec-
tion is common in solid-organ transplant recipients, especially
if there is a HLA-DR mismatch or lympholytic immunosup-
pression [2]. The majority of reports of CMV infection in
corneal transplant recipients (CMV endotheliitis) are from

East Asia [3–10]. The clinical signs include corneal oedema
and keratic precipitates with or without anterior chamber (AC)
inflammation, which can mimic acute allograft rejection.
Identifying an acute infective cause when there is a suspected
acute graft rejection is crucial, because intensive topical
corticosteroid treatment (as used for rejection) may exacerbate
CMV endotheliitis, increasing the risk of eventual graft
failure.

Corneal allograft rejection remains a significant problem,
occurring in 20% of eyes at 5 years [11]. The reports from
South Asia that CMV infection can mimic acute allograft
rejection prompted us to investigate whether there was
evidence in the UK of CMV infection in corneal tissue
following graft failure.

Methods

Archived samples

To investigate the historical prevalence of CMV infection in
failed corneal grafts we used the search terms ‘rejection’ or
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‘rejected’ to search a national ophthalmic pathology referral
service database for samples logged between 1998 and
2014. Pathology reports were screened by two investigators
(DMG and CdCP) to confirm inclusion. We also reviewed
the medical records to extract clinical data and confirm the
presence of a previous endothelial rejection event. We
included failed penetrating and Descemet’s stripping auto-
mated endothelial keratoplasty buttons (DSAEK), but
excluded anterior lamellar grafts and eyes with concomitant
microbial keratitis or endophthalmitis. Since the introduc-
tion of endothelial keratoplasty at our institution for reviv-
ing failed penetrating grafts, the DSAEK button (or more
recently DMEK) has been applied directly on to the PK
endothelium. In these eyes, tissue is therefore not available
for histological analysis. Failed grafts without a docu-
mented history of endothelial rejection served as controls.
Formalin-fixed paraffin-embedded (FFPE) tissue samples
were then retrieved for testing.

Fresh samples

To estimate the prevalence of CMV DNA in corneal graft
tissue we prospectively tested 80 fresh tissues processed for
corneal transplantation by Moorfields Eye Hospital eye bank.
Whole corneal rims returned to the eye bank after completion
of surgery were placed in a viral transport medium (Virocult®,
Medical Wire & Equipment, Corsham, UK).

Polymerase chain reaction

FFPE samples (both cases and controls) were chemically
deparaffinised by hand, using a series of Xylene, ethanol
and water washes. The samples were then subjected to a
rigorous protease digestion before proceeding with DNA
extraction on the Qiasymphony biorobot. First round
amplification by polymerase chain reaction (PCR) of herpes
simplex virus (HSV), varicella zoster virus (VZV) and
CMV nucleic acids was performed using a volume of 50 μL
reaction with 30 μL PCR master mix and 20 μL nucleic acid
extraction on a block thermocycler. Second round PCR was
carried out using 24 μL PCR master mix and 1 μL of first
round product (Roche Lightcycler 480), with continuing
acquisition of fluorescence signal during PCR and melt
curve analysis. HSV, VZV and CMV PCR uses in-house
PCR master mixes containing Supertherm taq-polymerase,
dNTP’s and PCR buffer in the first round, with addition of
EvaGreen fluorescent dye in the second round. We used the
following primers: glycoprotein B gene gB (CMV), ssDNA-
binding protein gene found on ORF29 (VZV) and glyco-
protein D gene (HSV I & II). Positive control nucleic acid
for both HSV and VZV was extracted from cell culture
isolates of wild-type virus. Positive control CMV nucleic
acid were tenfold dilutions extracted from proteinase K

digested infected MRC-5 cell lines ranging from 103 to 106

genome copies/mL. We validated the nucleic extraction
process from FFPE tissue using an archived retinal sample
from an eye enucleated for CMV-retinitis. PhiX PCR
inhibition assays were additionally performed for all sam-
ples indicating that there was no inhibition of PCR.

In situ hybridisation (ISH)

Three tissue sections (4 µm thick) from each FFPE block
were placed onto Leica Bond Plus adhesive slides, baked
for 30 min at 60 °C, cooled, dewaxed, rehydrated and
enzymatically digested (Bond enzyme 1, 15 min at 37 °C)
prior to in situ staining. CMV positivity was visualised
using a standard ISH Protocol (Protocol A) on a Leica
BondMax automated immune-stainer, with the following
core reagents: CMV Probe (Leica PB0614), CMV negative
(Leica PB0809), anti-fluorescein (Leica AR0833) and Bond
Polymer Refine Red Detection (Leica DS9390). Dehydrated
slides were mounted on a Leica CV500 coverslip with
Pertex. Funding was not available for ISH testing on fresh
corneal rim samples.

Clinical interpretation

A CMV-positive result was defined as clinically significant
if the same tissue sample was also negative for HSV and
VZV.

The work was conducted with ethical approval from The
Moorfields Biobank Internal Ethics Committee (10/H0106/
57-2014ETR42).

Results

Archived samples

A search of the pathology database identified 263 tissue
sample reports that contained either ‘rejection’ or ‘rejec-
ted.’ All reports were manually screened for further
inclusion from which 25 were excluded as not relevant
(corneal biopsy, impression cytology, vitreous, eviscera-
tion). Of the remaining 238, 132 were from 116 patients
were treated at Moorfields Eye Hospital and thus had
available clinical records. The medical records of 104
(90%) patients could be traced. We then confirmed a
clinical history of rejection in 54 samples of 48 patients: 5
patients had two grafts that failed following rejection and
1 patient had 3 grafts that had failed. There were 41 grafts
of 38 patients that had failed without a documented
rejection episode (3 patients had 2 failed grafts). A total of
18 patients were excluded, because they did not meet the
inclusion criteria or the clinical notes lacked sufficient
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details to confirm or exclude a rejection episode (Fig. 1,
Table 1).

CMV DNA was detected in the sections from the indi-
vidual with a known history of CMV retinitis (positive
control). However, no CMV or VZV DNA was detected in
any sample from either the rejection or control groups. One
control sample was positive for HSV. ISH confirmed that all
samples were negative for CMV.

Fresh samples

We examined 80 fresh corneal rims. These were collected
between September and November 2015, and March and
July 2017. No CMV, VZV or HSV DNA was detected in
any of the donor corneal rims.

Discussion

CMV endotheliitis has been reported as a cause for corneal
graft failure, predominantly in case series from East Asia
[3–10]. CMV endotheliitis is very uncommon in the UK in

the absence of severe systemic immunosuppression (HIV
AIDS). One report exists in the literature of a British-
Chinese patient who developed severe CMV-positive
endotheliitis with uveitis post-phacoemulsification [12].
One author (SJT) has seen CMV endotheliitis in non-grafted
immunocompetent patients only twice in more than 25 years
of clinical practice in the UK. The clinical picture of endo-
theliitis may be characteristic, with focal endothelial pre-
cipitates and corneal oedema, but it may mimic an acute
allograft rejection and lead to graft failure. Perversely,
topical corticosteroid, which is the mainstay of treatment for
allograft rejection, may make the endotheliitis worse if it is
not accompanied by effective antiviral cover. Cases may
also be misdiagnosed as HSV or VZV keratitis, when the
usual therapy for herpes virus infection may be ineffective.
The majority of cases are probably the result of reactivation
of latent CMV infection in the host precipitated by surgery
or topical steroid, although CMV may also be transmitted by
donor material [13]. In this paper we used PCR and ISH to
investigate whether CMV can be detected in corneal tissue
after graft failure and in tissue cleared for corneal trans-
plantation. We found no evidence of CMV in any of the
166 samples tested.

Testing for CMV infection in cases where there is
corneal endothelial graft rejection is not routine practice
in the UK. This is in part because the test is performed on
aqueous fluid, and an anterior chamber paracentesis is an
invasive procedure, but also because accurate PCR-
based tests for CMV have historically not been readily
available. On the basis of our study, we do not recom-
mend a change in practice unless there are atypical
signs on examination. This may also apply to other
countries with a similar CMV seroprevalence to the
UK. While prior exposure to CMV differs between the
UK and South Asia (49% vs. 98% seroprevalence),

Fig. 1 Accountability flow
diagram for archived formalin-
fixed paraffin-embedded tissue
samples

Table 1 Self-reported patient ethnicity for 86 pathological specimens
examined for PCR and ISH

Ethnicity Control Rejection

British/White other 21 24

Black African/Caribbean 2 5

Indian/Pakistani 5 6

Chinese/Asian other 2 1

Mixed background 1 1

Not stated 7 11

Total 38 48
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immunological evidence in a peripheral blood sample
doesn’t explain why intraocular CMV infection rates
(detected by DNA) differ in the two populations.
Cases with an atypical presentation, known prior ser-
opositivity to CMV, cases that do not respond to corti-
costeroid, or cases in which there has been recurrent
early corneal graft failure may warrant further investi-
gation [10, 14, 15]. Similarly, testing for CMV infection
in corneal donor tissue, or CMV seropositivity in corneal
donors, is not performed by UK eye banks as CMV is not
considered to be a common pathogen transferred by
corneal transplantation. On the basis of our study, in
which no viral DNA was detected in 80 fresh donor
corneas, we do not recommend a change in practice.

In conclusion, our results suggest that CMV endothe-
liitis is not a significant cause of corneal graft failure in
the UK. However, there are a number of methodological
limitations to this study. Although FFPE tissue is an
excellent source of DNA, its extraction remains a chal-
lenge. Nucleic acids are cross-linked and fragmented by
formaldehyde during the fixation process, which can make
it more difficult to amplify DNA. Despite this, assays on
all samples indicated that there was no inhibition of
amplification during PCR. DNA fragmentation can also
occur during fixation, which can be problematic when
using relatively large primers such as those used for the
glycoprotein B gene. To exclude this as a cause for failure
to detect CMV DNA we performed a positive control
using a FFPE tissue sample from a patient with confirmed
CMV-retinitis. In this sample the presence of CMV
nucleic acid was confirmed. Nonetheless, a more robust
approach would be to test freshly excised failed graft
tissue, transported in viral culture media, the results of
which would help define whether a change to current
clinical practice is warranted or not.

Finally, it is also possible that CMV DNA may not
persist in corneal tissue and may not be detectable if there is
an interval between infection and repeat graft surgery.

Summary

What was known before

● CMV endotheliitis is an established cause of acute
corneal graft rejection in East Asian populations. CMV-
mediated graft rejection is difficult to treat and often
results in eventual graft failure.

What this study adds

● CMV DNA was not detected in any excised failed
corneal grafts from the United Kingdom. This suggests

CMV infection is not a significant risk factor in graft
rejection and failure in this population
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