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Editorial

Herpes simplex latency and the eye

The herpes simplex virus (HSV) exerts its ocular damage by
recurrent corneal infection, having lain dormant in the host
tissues for some time. Latency of the virus is an essential part
of its natural history, yet the mechanism of latency and
recurrence has, for both the clinician and the research
worker, remained an enigma.
The definition of HSV latency has been described as the

capacity of the virus to exist in a host cell for an extended
period of time in a virion-free state and, upon stimulation,
to reactivate and replicate to produce infectious progeny
virions.'
As a result of recent advances in molecular biology and

genetics, the phenomenon of latency and reactivation is now
being explained in terms of specific chemical components
found or localised in the chromosomes. After primary
infection, usually of ectodermally derived tissues, the viral
genetic material travels by fast axonal transport as a nuclear
capside to the site of latency, either the trigeminal ganlgion or
other extraneuronal sites, where it exists in an extra-
chromosomal state as a circular episome.2 HSV reactivation
can be thought of in terms of the classic Crick model of the
HSV DNA molecule acting as a template to use the host cell
DNA to copy or express, by DNA replication, the HSV
genetic information which is transmitted (by transcription)
into RNA nucleic acid, which in turn directs the synthesis in
the host cell of the specific HSV protein to manufacture the
entire virus. Genetic studies have shown that during the acute
productive infection many genes are expressed, including the
immediate early, early and late viral genes. During latent
infection, when the virus is in a non-replicating but transcrip-
tionally active state, only part of the genome is present,
specifying latency associated transcripts (LATs), of which
four have been identified from the viral DNA strand opposite
that which encodes the infected cell protein ICPO, an
immediately early regulatory protein. The LATs overlap at
least 30% of the terminus of this protein but the transcription
pattern of the LAT encoding region is complex and, as yet,
not fully defined. The exact localisation of the genes con-
cerned with the establishment, maintenance and reactivation
of latency remain unknown, nor has any protein been found
associated with these functions.

It has been suggested that reactivation involves expression
of a subset of genes, which pass to the surface tissue, such as
cornea or skin, initiating a replication cascade and leading
ultimately to corneal involvement or skin vesicles.
The mechanism which controls the switch between acute

and latent phases of infection is poorly understood. Expres-
sion of LATs is not essential for the maintenance of latency'

but is concerned in viral reactivation. This has been demon-
strated by the finding that viral strains lacking LATs can still
establish latency in the experimental animal, but have
reduced recurrence rates compared with those strains with a
LAT present.45 (See ref 6 for overall review.) It has been
suggested that promoters of LATs of herpes simplex come
from a local tissue response. It is likely that a number of
reactivation inducing stimuli in humans occur, including
ultraviolet irradiation, trauma and the experimental process
ofiontophoresis ofadrenaline into the cornea. Prostaglandins
have been thought to be implicated in the reactivation of viral
latency.7 Indomethazine, a potent inhibitor of prostaglandin
synthesis, has been shown to reversibly inhibit the reactiva-
tion of HSV from experimental latently infected ganglia.' In
mammalian cells such stimuli lead to release of an agent
which interacts with a cell surface receptor activating adeny-
late cyclase which synthesises cyclic adenosine monophos-
phate, a cyclic nucleotide that regulates a large number of
metabolic processes and is derived from ATP.
The DNA sequence of HSV Type 1 contains an adenine

phosphate monophosphate response element in the enhancer
region of the LAT promoter. Cyclic adenosine monophos-
phate binds to the regulatory subunit of cyclic adenosine
monophosphate dependent protein kinases, releasing active
catalytic subunits that can phosphorylate specific transcrip-
tion factors. Such a factor or phosphoroprotein has been
identified in HSV9 and is believed to be involved in regulating
many cyclic adenosine monophosphate inducible genes.'0
This suggests that tissue responses have a role in triggering
viral reactivation. 1

Whilst there is no doubt that trigeminal ganglia are the
main source of latent HSV in the eye, with up to 20 copies of
viral DNA per latently infected neuron being present,6 the
question remains whether the cornea is also a site of herpes
simplex latency.

In animal work, HSV has been isolated from rabbit cornea
after organ culture but with varying frequency, sometimes
depending on the strain of virus used. In the rabbit model,
after corneal inoculation with the virus, adrenaline corneal
iontophoresis resulted in the virus reappearing only in those
animals that had been inoculated with virus strains in which
LATs were expressed, and not in those where it was
deficient,'2 Electron microscopic studies of human cornea
removed by keratoplasty after previous HSV infection have
shown incomplete extracellular viral particles in deep stromal
levels"; (for review see ref 14), which could signify low grade
infection still being present. Organ culture of keratoplasty
specimens has resulted in the isolation of viral particles from
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the cornea, but whilst none of previously infected human
corneas showed any clinical signs of active herpetic infection
immediately prior to keratoplasty, it is possible that the HSV
isolated after these corneas were cultured in tissue culture
(organ culture) was either a contaminant or from low grade
corneal infection. Although electron microscopic studies only
found HSV particles in such corneas after but not before
organ culture,'56 it is possible that low grade infection
persisted with relatively few viral particles present and were
missed by the relatively limited numbers of slides examined
with the electron microscope.

In situ hybridisation studies using gene probes for the
whole HSV genome have found HSV DNA material in 50%
of corneas examined 60 days after experimental corneal
inoculation.'7 This contrasts with HSV detection rates of
between 17 and 24% after experimental or human corneal
organ culture,'8 but this does not mean that the gene is either
functional, or that it is all present.

In situ hybridisation techniques will not pick up small
amounts of viral nucleic acids present, so the polymerase
chain reaction has been used to amplify and detect any viral
DNA and RNA present (for summary of techniques see ref
20).
Latency associated transcripts (LATs RNA) have been

found in corneas removed at the time of keratoplasty from
patients seropositive to HSV, either with recurrent but
clinically quiescent herpes simplex keratitis, or non HSV
corneal disease.2' In this issue Cook et al, after experimental
corneal HSV infection, during the latent period found HSV
DNA from the ICPO/LAT and thymidine kinase (TK) genes
in all of the trigeminal ganglia and three of five corneas
investigated, signifying that infection had taken place. HSV
LAT RNA was found in all of the trigeminal ganglia and 9%
of corneas, signifying latency had been established in these
areas. The absence ofTK RNA in the corneas rules out active
low grade corneal infection, but this potential certainly
existed as TK DNA was found in both trigeminal ganglia and
corneas.

In order to definitely establish that active infection is not
taking place, and that the corneal latency has been established
after HSV infection, such a study should incorporate both the
operational definition of latency and molecular studies
involving LATs. This implies that the same corneas be
assessed for the absence of infectious HSV protein, the
presence of only LATs or other latency associated trans-
cripts, virus only being produced after organ culture, and no
virus seen on electron microscopy prior to corneal organ
culture. If such LATs are definitely found in the cornea, and
the protein that they express can be identified, it should be
possible, either by drugs or monoclonal antibodies directed
against those herpes proteins, to block either the establish-
ment of latency or reactivation of the HSV. This would lead
to the long term goal of prevention of recurrence ofHSV from
the human cornea.
The cause of herpes simplex induced stromal disease is

controversial. Incomplete herpes simplex viral particles have
been found in deep stromal levels in quiescent stromal
keratitis,'3 complete particles within stromal keratocytes after
graft rejection22 and the cornea has now been shown in this
issue to be a potential source of viral latency. This would
suggest that local viral replication plays a major part in the
pathogenesis of herpes simplex stromal disease, but it is

uncertain whether either just viral replication or a local
immune response or both are responsible for all the disease
process. It does mean though that antiviral chemotherapy is
essential in the treatment of this condition and it raises the
question whether topical steroids are also required.

For the future, genetic manipulation of the whole HSV
genome could result in the manufacture of a non-virulent
variant, not expressing latency, that could be used as a vector
to transport genes responsible for enzymes deleted or defi-
cient in the target organ as a result of acquired or congenital
disease. For instance, the herpes virus could be used to
transport genes to those corneas with congenital dystrophies
such as classic lattice where amyloid material accumulates, or
in macular dystrophy where glycosoaminoglycans accumu-
lates as a result of a defect in the conversion of a glycoprotein
precursor.
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