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Abstract
The transmission of herpes simplex virus (HSV)-1 by corneal transplantation has rarely been
reported. It is believed that these cases have resulted either from reactivated virus traveling from
the trigeminal ganglion to the cornea or from latent HSV-1 in the donor cornea itself. Studies of
long-term viral presence in corneal tissue have sought to determine whether there is evidence of
true non-neuronal latency, although there are problems in its definition. Recent studies provide
new insights into neuronal latency, while similar HSV-1 gene regulation in the cornea may
implicate corneal latency in pathophysiology and as a potential risk for transplant recipients. This
issue has led to concerns over eye banking, which currently screens for other infectious agents but
not HSV-1. Here we review the literature regarding corneal latency and the transmission of
HSV-1.
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Herpes simplex virus (HSV) is believed to be the leading cause of infectious blindness in the
developed world, with 400,000 people infected ocularly in the USA [1]. The two serotypes
of HSV are HSV-1 and HSV-2, which have different tropisms. Both are able to cause ocular
disease, which is facilitated by the ability of the virus to spread in tissue as well as
neuronally (Figure 1). However, the vast majority of ocular HSV has been attributed to
HSV-1, which is known for infections above the waist, although it is also a cause of genital
disease. Most humans are probably infected with HSV-1 orally, with subsequent viral spread
to the trigeminal ganglia. Viral replication may occur in the trigeminal ganglia until CD8+

T-cell activity and possibly an inefficiency of the DNA repair mechanism drive the virus
into latency [2,3]. During latency the virus remains in a dormant state, characterized by
restricted gene expression with the exception of latency-associated transcripts (LATs).
Reactivation may be triggered by several factors including stress, UV radiation and fever.

The entry of HSV into ocular tissue may occur with exogenous exposure to the virus or
reactivated virus that has traveled to the site of infection. Initial ocular exposure to HSV
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most often results in infection of the conjunctiva [4]. The mechanism of entry into ocular
cells relies on glycoprotein receptors on the cell surface, including nectin-1, herpesvirus
entry mediator (HVEM), 3-O sulfated heparan sulfate (3-OS HS) and paired
immunoglobulin-like receptor α (PILR-α) [5,6]. Access to these entry receptors may
determine if the virus enters from the apical or basolateral surface of cells [7]. Local
replication and spread allows the virus to access sensory nerve branches followed by
neuronal spread to the trigeminal ganglion or elsewhere.

The issue of corneal latency of HSV has been discussed in the literature and several studies
have sought to investigate its molecular and/or clinical basis [8]. This has potential
significance in the pathophysiology of ocular herpes, as localized reactivation may
contribute to virus and immune-mediated morbidity. Infection of the corneal stroma, in
particular, most often occurs in the setting of recurrent disease. Although rare, the virus can
also be transmitted by corneal transplantation [9], raising the possibility of non-neuronal,
cornea-specific latency. The current article focuses on important aspects of HSV-1 latency
in the context of eye infections.

Eye bank screening
Despite many advances in eye banking to allow corneal transplantation to become the most
performed allograft procedure today, virtually none of the donor corneas are prescreened for
HSV-1. In the 1940s Richard Townley Paton founded the first eye bank in New York (NY,
USA) [10]. Donor corneas in the USA were originally kept in a humidified chamber at 4°C
until the development of Optisol™, which contained chondroitin sulfate, dextran, vitamins
and adenosine triphosphate precursors [11–13]. Corneas in the USA and many parts of the
world today are stored in Optisol-GS at 4°C, which has a combination of gentamycin and
streptomycin. In much of Europe, organ culture at or near 34°C is commonly used as a
method of storage [11,14].

The screening and storage of donor corneas in eye banks evolved as reports of infection and
other issues followed transplant procedures [12]. The Eye Bank Association of America
(EBAA) now requires that all member eye banks assess corneas by slit-lamp biomicroscopy
and perform serologic testing for HIV types 1 and 2, hepatitis B surface antigen (HBsAg),
hepatitis C virus (HCV) and syphilis. Donors are also screened based on medical history and
cause of death. The EBAA reviews all reported adverse events associated with corneal
transplantation and regularly assesses the need for changes in eye banking standards. The
European Eye Bank Association and other organizations have also continued to update
guidelines, although there is much greater variability in the developing world [15]. Donor
corneas are not currently screened for HSV.

Pros & cons of storing donor corneas at 4°C versus 34°C
Among the advantages of the organ culture system are longer preservation (up to 4 weeks
versus up to 7–10 days in hypothermic storage), more time for transport, increased
possibility of detecting infectious pathogens, as well as HLA typing in some instances [11].
However, disadvantages stem from the need for repeated evaluation of the endothelium,
expensive equipment, trained personnel, requirement for changing culture media and
variations in media components. Both methods of cornea storage appear to have similar
outcomes in terms of graft survival. It is unknown which storage method has a lower
possibility of HSV transmission.
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HSV recurrence & ocular disease
Much of the ocular morbidity associated with HSV occurs in recurrences over time rather
than the initial ocular infection. Recurrences also account for the majority of annual
incidence rates in major epidemiologic studies [1]. The majority of adults have
seropositivity to HSV-1, and studies using the more sensitive PCR assay suggest that nearly
all adults are latently infected in sensory neurons [16]. Interestingly, the virus is
intermittently shed via tears among asymptomatic individuals, raising the possibility that
HSV-1 may reside in the cornea [17]. Until now the main treatments for ocular herpes
inhibit viral replication, and long-term antiviral prophylaxis only partially reduces the
recurrence rate [18]. The development and modulation of latency is, therefore, an important
topic for clinicians and researchers. Much about this process remains unknown, although it
appears to involve both host immune and virus-related factors.

Neuronal latency
The development of neuronal latency occurs in part due to deficiencies in viral replication,
although the exact mechanism remains unknown [2]. Some studies have recently
demonstrated an active role of the immune response; for example, while CD8+ T cells are
responsible for destroying infected cells, they also appear to be involved in latency induction
through granzyme B degradation of ICP4, an immediate-early protein required for HSV-1
replication [3]. Evidence also suggests that CD8+ T cells that infiltrate HSV-infected
trigeminal ganglia are strain-specific based on interactions with viral proteins, which may
explain their frequent co-localization in latently infected neurons [19,20]. Upregulation of
several genes involved in the host adaptive immune response occurs during viral
reactivation, reflecting either direct or indirect involvement [21].

The circularized genome associated with latent HSV produces LATs, which represent the
only portion of the viral genome transcribed abundantly during neuronal latency [4,22,23].
LATs are enhanced by the LAT promoter binding factor, and their inhibition of
antiapoptotic activity may protect HSV from CD8+ T-cell cytolytic destruction [24–26].
LATs are also involved in regulation of the ICP0 gene, which may modulate other genes,
including ICP4 and CD83, and is believed to be an important factor in viral reactivation
[21,27–29]. Differential expression of viral proteins, such as VP16, may also play a role in
viral exit from latency [30]. Reactivated virus in the neuron depends on the viral proteins
US9, gE, and gI for anterograde transport along sensory nerve branches, whereby it may
gain access to various anatomic structures in the eye [31,32]. A higher level of latency as
indicated by LAT expression in the trigeminal ganglion may correlate to increased corneal
scarring over time [33].

Corneal latency
During the last few decades there has been increasing interest in the possibility of corneal
latency of HSV-1. Many studies describe long-term viral presence in the cornea or the
propensity for transmission by transplant in experimental models [34–40]. Some of the
difficulty regarding this issue has been in defining non-neuronal latency. There is
nonetheless evidence in support of corneal latency or persistence of HSV-1. However, while
immune system involvement and viral gene expression in neuronal latency is increasingly
known, a mechanism for conversion of HSV-1 to a latent state in the cornea remains to be
effectively demonstrated. Although some have sought to establish requirements for proving
non-neuronal latency, investigations have often focused on varying aspects of viral presence
in the cornea [4,41–43].
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A major category of investigations has looked into the potential role of LAT in facilitating
corneal latency. One study found that regulation of the LAT promoter was similar in
neuronal cells and corneal stromal keratocytes in a manner distinct from other non-neuronal
cells [44]. Specifically, similar regions increased LAT promoter activity in neuronal cells
and keratocytes, which either did not affect or downregulated activity in other cell types.
This is consistent with the more frequent recovery of HSV-1 antigens from the stroma than
other parts of the cornea [34]. A study of excised corneas from patients with recurrent
stromal keratitis but without active disease found that while most were positive for HSV
DNA by PCR, LATs were not detected by in situ hybridization (ISH), which has
substantially lower sensitivity [45]. By contrast, ISH has shown high levels of LAT
expression in latently infected neurons. In another study LATs were detected in a majority
of corneal specimens by PCR but not ISH, which may also result from differences in
sensitivity [46].

It has been noted that the virus undergoes spontaneous reactivation in rabbits but not mice
[4]. In a study of rabbits infected with HSV-1, LAT expression was detected in two out of
22 corneas weeks after exposure [47]. However, in another study LATs were detected in all
trigeminal ganglia but no corneas in latently infected rabbits [48]. Differences in LAT
detection in the cornea may therefore result from: HSV strain variations; host differences;
antiviral treatment and the method of detection. LAT-positive strains of HSV have increased
transmissibility from infected to naive rabbits undergoing corneal transplantation, although
the implications of these results for corneal latency are unclear [49,50]. It remains unknown
at this time whether LATs play a similar role in neuronal versus corneal latency.

A second category of investigations into corneal latency has described the detection of HSV
related to corneal transplantation. HSV DNA was detected in ten out of 24 rabbit corneas
months after transplantation without ocular disease, tear shedding or seroconversion [51]. A
study of donor culture medium detected HSV DNA in three out of 80 samples but did not
lead to ocular disease in recipients [52]. In another study, murine corneas known to be
infected with HSV were subjected to organ culture conditions in which some corneas
remained clear; this was described as a potential transplant risk [53]. The presence of the
virus in donor culture media has been suggested as a possible cause of endothelial failure
[54]. HSV DNA in excised recipient corneas was correlated in one study to endothelial
failure despite a lack of ocular infection history, although the virus has been detected with
and without clinical infection in multiple studies [55–60].

The long-term presence of HSV DNA in the cornea has been demonstrated. HSV DNA load
in excised corneas from patients with recurrent keratitis correlates with several parameters,
including time since previous transplant, severity of disease and neovascularization
[34,61,62]. Finally, a mutant strain of HSV lacking US9 protein caused stromal keratitis in
mice, although it was recently suggested that gE and gI may be more important for
anterograde transport [31,32].

Corneal latency of HSV-1 versus long-term viral persistence
Many studies appear to collectively provide some evidence for corneal latency of the virus,
although varying methodologies and definitions suggest a need to revisit the requirements
for establishing non-neuronal latency. It is possible that the virus maintains a low replicative
state that differs from latency. Distinct features of the human immune response to HSV also
require further investigation and may limit the external validity of animal studies.
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Donor-host transmission of HSV
There have been several published reports of primary graft failure due to HSV that may
represent donor-host transmission through corneal transplantation (Table 1). Primary graft
failure attributed to HSV was first reported in 1994, in which virus was detected in both the
failed graft and the fellow cornea of the donor, the latter of which had undergone significant
endothelial loss in organ culture [63]. A series published in 1997 reported that HSV was
present in two out of three cases of primary graft failure; it was suggested that latent virus in
the donor cornea may have reactivated [64]. Another series found that HSV was present in a
third of primary graft failures, of which three had developed necrotizing herpetic disease
[65]. Biswas et al. reported the cases of two patients without a history of ocular HSV that
experienced graft failure after transplant [66]. HSV was subsequently found in donor
corneas by culture, immunohistochemistry, electron microscopy and PCR.

De Kesel et al. reported a group of four patients who had primary graft failure due to HSV
within 17 days at one institution [67,68]. In a series of three patients without a history of
ocular HSV, two experienced primary graft failure related to keratouveitis and one
developed a herpetic dendrite [69]. In 2001 a case was published in the Lancet in which a
PCR-based DNA fingerprint assay was used to show that HSV from the donor was identical
to that found in the recipient [9]. This patient subsequently developed blindness from
stromal keratitis. Finally, another specific PCR-based assay was used to demonstrate donor–
host transmission, while electron microscopy showed mature, replicating virus in remnant
donor tissue [70]. It should be noted that in most reported cases there was no definitive
evidence that the donor rather than the recipient was the source of virus. The suspicion of
donor–host transmission is often based on a lack of previous ocular herpes in the recipient
[71,72].

Conclusion
The issue of corneal latency of HSV-1 has been a topic of much research. The current
understanding of ocular morbidity in HSV suggests that recurrent episodes lead to damage
through viral, as well as immune-mediated effects. As most humans are latently infected, it
is of great interest whether this applies to the cornea in particular. One of the challenges of
this issue is in defining non-neuronal latency. Although a number of studies have
investigated this topic, they have used varied methodologies and reveal aspects of viral
presence in the cornea that leave many questions unanswered. Furthermore, recent studies
have not adequately confirmed earlier work that initially suggested the possibility of corneal
latency. It does appear that HSV-1 may either develop latency in the cornea or persist in a
low-replicative state in a time-dependent manner, both of which may have similar
implications.

This is important not only for understanding the pathophysiology of ocular HSV but also
due to the potential for transmission of the virus by corneal transplant. The latter has been
described in several case reports. In the absence of genotypic analyses, it cannot be verified
whether most of these cases represent actual donor–host transmission versus reactivated
virus in the host. Nonetheless, there is evidence suggesting that a transmission risk related to
HSV-1 may be a true clinical problem. It should be noted that corneal latency is not essential
to donor–host transmission as reactivated virus can spread neuronally to the cornea at the
time of surgery.

Standards for screening donor corneas for infectious agents are based not only on the
possibility of transmission, but also the level of risk to the recipient and the benefit of
detection. Therefore, donors with a known history of rabies, HIV, Creutzfeldt-Jakob disease

Farooq and Shukla Page 5

Future Virol. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and other lethal infections are excluded. Serologic testing is also performed for HIV-1 and
-2, HBsAg, HCV and syphilis, as each of these is associated with substantial risk. HSV has
been detected in association with primary graft failure, and rarely has been verified to
originate from the donor using a highly specific assay. The significance of HSV-1 presence
in donor corneas remains unknown. It is possible that long-term viral presence in the cornea
is a sign of non-neuronal latency, and that the virus could reactivate after transplantation.

Future perspective
Improved technologies in the detection and quantification of HSV-1 may facilitate screening
of donor corneas in the future as well as provide an improved understanding of corneal
latency. This will require further investigation of viral gene regulation as well as the
mechanism of long-term HSV-1 presence in the cornea. It appears that whether or not the
issue of corneal latency is resolved, the role of the virus as a cause of graft failure and its
transmission by transplant will be increasingly demonstrated.

Recent history suggests that the screening and storage of donor corneas will continue to
evolve with improvements driven by necessity and/or innovation. As the majority of humans
are infected latently by HSV-1, screening for the virus may potentially eliminate a large
proportion of tissue. An improved understanding of the clinical significance of detection by
various assays would therefore be required to establish a set of guidelines for deeming tissue
unusable. The role of antiviral agents in tissue storage medium also requires investigation.
Whether the risk of transmitting (usually) nonlethal infectious agents such as HSV-1 will
influence eye banking standards remains to be seen. The value of exclusion versus
diminishing the donor supply will be important to consider.

Executive summary

Introduction
▪ Herpes simplex virus-1 is an important cause of monocular infectious blindness.

Most people are initially infected orally, after which the virus develops latency in
sensory ganglia.

▪ Ocular infection is most directly linked to viral latency in the ipsilateral
trigeminal ganglion, which provides sensory innervation to the cornea.

▪ The cornea itself has been discussed as an additional site of HSV-1 latency.
There is also some concern over the implications of corneal latency for eye
banking and transplant procedures.

Eye bank screening
▪ The history of eye banking shows that since the 1940s, substantial improvements

have been made to screening and storage methods in developed nations. These
include improved antibiotic usage standards and screening for several infectious
agents, including HIV, hepatitis B, hepatitis C and syphilis.

▪ The Eye Bank Association of America regularly reviews reported adverse events.

▪ Donor corneas are not currently screened for HSV, which has been rarely
transmitted.

HSV recurrence & ocular disease
▪ Much of the morbidity and the majority of annual incidence rates in ocular HSV

are related to recurrent episodes.
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▪ Latency and reactivation occur as a result of interplay between viral and host
factors.

Neuronal latency
▪ The development of neuronal latency may occur through active immune system

involvement and deficiencies in viral replication. CD8+ T cells act through
cytotoxic and noncytotoxic mechanisms, the latter of which was recently
described; the cells release granzyme B, which degrades ICP4, one of the
intermediate-early proteins required for replication.

▪ Latency-associated transcripts are the only portion of the viral genome
abundantly transcribed during neuronal latency and appear to have an active role
in latency modulation.

Corneal latency
▪ The long-term presence of HSV DNA in corneas has been effectively

demonstrated and virus has been detected in the absence of disease. However, it
is unclear whether this is a result of latency and if non-neuronal latency has
unique characteristics.

▪ The detection of viral genes in the cornea shows variability based on method of
detection and other factors.

▪ There is substantial evidence for corneal latency or persistence of the virus that
may have implications for pathogenesis and transplantation.

Donor–host transmission of HSV-1
▪ There are some reports of possible transmission by corneal transplant, with rare

cases in which a highly specific PCR-based assay demonstrated that the virus
was donor-derived.

Conclusion
▪ The transmissibility of HSV-1 by corneal transplant may be enhanced by, but is

not dependent on, corneal latency. Improved detection methods may enhance our
understanding of HSV presence in the cornea and also its role in primary graft
failure.
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Figure 1. Herpes simplex virus ocular infection, neuronal spread, latency and reactivation
The HSV virion is shown. The spikes on the envelope represent glycoproteins required for
entry and spread. The icosahedral nucleocapsid contains viral DNA. HSV may initially
infect the eye or (more commonly) oral mucosa, leading to retrograde spread of the virus
along sensory nerves to a sensory ganglion, where it develops a lifelong latent infection.
Latency-associated transcripts are expressed in high amounts during latency. Reactivation
from latency can lead to ocular infection via anterograde viral spread. The virus may also
develop latency in the cornea with local reactivations or occasional migrate to the CNS.
HSV: Herpes simplex virus; LAT: Latency-associated transcripts.
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Table 1

Published cases of primary graft failure due to herpes simplex virus.

Detection method Corneas (n) Year Ref.

Culture, PCR 1 1994 [63]

PCR, Southern blotting 2 1997 [64]

IHC, PCR 7 2000 [65]

Culture, IHC, PCR, EM 2 2000 [66]

Culture, IHC, PCR 4 2001 [67,68]

PCR-based DNA fingerprint assay 1 2001 [9]

Culture 3 2004 [69]

EM: Electron microscopy; IHC: Immunohistochemistry.
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