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Abstract
Herpes simplex keratitis (HSK) is a common, potentially blinding condition characterised by recurrent infections of the
cornea, seen by both general ophthalmologists and corneal specialists. Successful treatment of recurrences reduces disease
duration, prevents progressive corneal scaring leading to vision loss and reduces risk of further recurrences. In this review
we discuss the relative advantages of the diagnostic laboratory investigations including polymerase chain reaction, viral
culture and fluorescence-based immunohistochemistry. We review treatment strategies in selected aspects of HSK and
discuss the management options in cases not responding to treatment.

Introduction

Herpes simplex keratitis (HSK) is a potentially blinding
condition characterised by recurrent infections of the cor-
nea. It is predominantly caused by infection with herpes
simplex virus type 1 (HSV-1) and to a lesser extent the HSV
type 2 (HSV-2), large double stranded DNA viruses which
are members of the human α-herpesvirus (α-HHV) family.

Infection with herpes simplex is widespread; globally it is
estimated 67% of the population aged 0–49 years has been
exposed to HSV 1 and 11.3% to HSV 2 [1, 2]. The incidence
of HSK in developed countries is estimated to be between 10
and 30 per 100,000 of the population per year with a pre-
valence of 149 per 100,000 [3–5]. The incidence and pre-
valence are thought to be higher in developing countries
where the prevalence of HSV 1 and 2 infections are higher,
and affect a younger demographic, although there is a lack
of surveillance-based epidemiologic studies in these popu-
lations. Currently no vaccine exists for either HSV 1 or 2.

Primary HSV eye infection is contracted by direct contact
via mucus membranes [6]. This is usually subclinical but can
present as a transient unilateral blepharitis, follicular

conjunctivitis and occasional epithelial keratitis. The virus then
remains latent in the ophthalmic division of the trigeminal
ganglion with reactivation causing recurrent infection [7, 8].
Relapses are common with 40% of patients experiencing 2–5
relapses in a lifetime and 11% experiencing 6–15 relapses [9].

Vision loss in HSK is seen in those with recurrent
infection, in particular recurrent stromal keratitis. The
Rochester epidemiology project reported on all cases seen
over a 30-year period, and found an estimated 11% of
patients with any history of HSK have a final VA below 20/
200 [5]. Even in eyes that retain good vision, infection
causes corneal opacities that can induce aberrations, irre-
gular astigmatism and reduce the overall optical quality of
the eye [10]. Bilateral disease is less common but often
more severe, with a higher incidence of scarring and
decreased visual acuity, usually related to other ocular and
systemic co-morbidities such as atopy and immunodefi-
ciency [11, 12]. In addition to visual loss HSK also reduces
the quality of life of patients even when quiescent [13]. In
2003 in the USA it was estimated treatment of HSK cost in
excess of 17.7 million dollars annually, representing a sig-
nificant burden on modern healthcare systems [14].

Despite its high prevalence HSK remains a disorder
causing both diagnostic and treatment challenges. This
review will discuss selected aspects of current practice and
some points of uncertainty in the management of HSK.

Laboratory diagnosis in keratitis

Clinical diagnosis in acute keratitis is not usually difficult,
epithelial disease characterised by a branching dendritic
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ulcer, the base of which stains with fluorescein and terminal
bulbs (Fig. 1). Ulcers can enlarge, particularly in steroid-
treated eyes, to have a geographic (amoeboid) shape
(Fig. 2a, b). Although treatment is frequently commenced
without laboratory diagnosis, confirmation of HSV should
be attempted if an ulcer does not have a classic dendritic
appearance, particularly if it is the first episode of recur-
rence without a prior confirmed diagnosis. Laboratory
diagnosis is also of value in decision-making in corneas
with a known history of HSK but in which a new epithelial
defect does not have characteristic features. In addition to
the beneficial effect of debridement of an epithelial lesion,
obtaining a corneal swab or scraping for laboratory inves-
tigation is helpful for exclusion of conditions that require
alternative treatment regimens such as varicella-zoster virus
[15, 16], cytomegalovirus [17], Epstein–Barr virus [18] and
human herpesvirus-6 [19]. The diagnosis of acanthamoeba
epithelial keratitis should always be excluded in contact lens
wearers, not least as treatment delay caused by initial mis-
diagnosis as HSK leads to a poorer visual outcome of
amoebic treatment [20]. Clinicians should know the avail-
able laboratory test(s) and the relative advantages and dis-
advantages of the most commonly available laboratory
techniques used in HSV diagnosis.

Identification of HSV DNA

Polymerase chain reaction (PCR) identification of HSV
DNA has a sensitivity of up to 100% [21] and has become
the mainstay in laboratory confirmation of HSK. A further
advantage of the method over others is the feasibility of
detecting DNA of VZV and other viruses, acanthamoeba
and other pathogens relevant to a case of keratitis with no
prior confirmed HSV diagnosis. PCR testing of a sample
is a diagnostic option in corneas with an epithelial defect
and, with reduced sensitivity, in cornea excised at trans-
plant surgery. One limitation of PCR is that its lack of
usefulness in stromal as opposed to epithelial HSK. A
further drawback is non-discriminative amplification of
DNA in a sample, which does not help differentiate
between active and latent infection and as a result has
reduced specificity (71.4%) [22]. More recently com-
mercially available real-time PCR can provide a quanti-
tative result with sensitivity and specificity comparable to
conventional PCR [23, 24]. Real time or quantitative PCR
has the advantage that, by calculating the amount of DNA
present and the number of amplification cycles it has
undergone, it can provide additional information on the
amount of DNA present in the sample. Large amounts of
DNA would be expected in an active infection and small
amounts in inactive infection [25].

Viral culture

The gold standard for HSK diagnosis is virus culture. In
addition to diagnosis, it allows viricidal drug sensitivity
testing, strain identification and epidemiological tracing
[26]. Virus isolation on culture has 100% specificity but low
sensitivity [27]. After obtaining a sample it is required to be
kept at 4 °C until plated on the cell monolayer, and isolation
can take up to 10 days. Other than in reference laboratories
and research settings, not least on account of expense,
culture has become less widely available than PCR testing
in hospital diagnostic laboratories.

Fig. 1 Dendritic corneal ulceration in recurrent epithelial HSV.
Fluorescein staining of an epithelial recurrence in a cornea with scar-
ring and vascularisation resulting from multiple stromal recurrences.

Fig. 2 Geographic ulceration
in recurrent epithelial HSV.
Rose Bengal corneal staining in
a patient with atopic
keratoconjunctivitis before (left)
and following (right) treatment
with topical ACV for 7 days.
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Immunohistochemistry identification of HSV
antigens

Fluorescence-based immunohistochemistry is not widely
used but is a relatively fast method. Specificity is poorer
than for PCR but sensitivity is as high as 80% [22].
Fluorescein staining of the tear film must be avoided prior
to sample collection as this can interfere with fluorescein-
conjugated antibodies.

Serology for antibodies against HSV

Given the ubiquity of HSV infection and that HSK is not a
primary infection but a reactivation of a latent infection, the
detection of serum IgG or even IgM antibodies plays little
role in diagnosis. The absence of IgG and IgM HSV-
specific antibodies however can be helpful in excluding
HSK, particularly in children or young adults who may not
have been otherwise exposed to the virus. Individuals
typically remain seropositive once infected with serorever-
sion rates of ~1% and 5% over 15 years for HSV-1 and 2,
respectively [28].

Challenges in diagnosis

A frequent diagnostic challenge in HSK is in investigating
inactive disease, in particular determining if corneal scars
are herpetic in origin. This is of importance in considering
corneal transplantation and explaining the prognosis and
implications of a HSV diagnosis to potential transplant
recipients. Tissue obtained at the time of surgery or a cor-
neal biopsy may enable a diagnosis. Remeijer et al. iden-
tified HSV-1 DNA by real-time PCR in 48% of keratoplasty
specimens in patients with a history of HSK. Of interest, the
corneal HSV DNA load quantified by real-time PCR cor-
related with increasing patient age and steroid use prior to

transplant [25]. However, the longer the interval between
the last active episode of HSK and the testing of the tissue
sample the lower the chance viral DNA will be detected
[27, 29] and the lower the viral load [25]. It is in these
keratoplasty cases that the high sensitivity of PCR is more
valuable than the high specificity of cell culture.

The sensitivity of PCR is especially helpful in investi-
gating small volume aqueous humour samples in patients
with suspected viral endotheliitis, in particular when asso-
ciated with hypertensive uveitis (Fig. 3). Laboratory diag-
nosis of HSV can be essential in cases of hypertensive
anterior uveitis and segmental iris atrophy without keratitis,
not least to identify a specific treatment. In a series of 31
patients with suspected viral uveitis Van der Lelij et al.
identified HSV DNA by PCR on aspirated aqueous humour
in 83% of cases and VZV in 13% [30].

Antiviral agents

One of the favourable aspects of HSK is that the available
antiviral agents are effective and well tolerated. This section
briefly explains the replication cycle of HSV and the
treatment targets followed by a review of the classes of drug
available.

HSV 1 is a double stranded DNA virus that expresses
four vital glycoproteins (gB, gD, gH and gL) and an addi-
tional two (gC and gK) that regulate viral entry and mem-
brane fusion respectively [31, 32]. Once the nucleocapsid
enters the hosts cell it translocates to the host nucleus where
the viral genome enters the nucleus through a nuclear pore
[33]. The HSV 1 transcript contains three kinetic classes of
gene; and successful replication of all three is required for
HSV-1 protein synthesis and replication [33]. Once the
replicated genome and nucleocapsid are assembled in the
host nucleus the completion of the HSV 1 virus is com-
pleted in the cytoplasm of the host cell including the viral
envelope. The virus then migrates from the host cell
exploiting host enzymes heparanase and cathepsin [34, 35].
Due to the complex nature of HSV replication there are
numerous targets for pharmacological intervention.

Nucleoside analogues: mechanism of
pharmacological activity and limitations

Aciclovir (ACV) and other nucleoside analogues, in parti-
cular ganciclovir (GCV) and trifluorothymidine, are cur-
rently the main topical treatments for HSV infections. ACV
was the first introduced and remains most widely used. It is
a prodrug that, once entering the host cell, is phosphorylated
by the HSV protein thymidine kinase (TK), before being
twice more phosphorylated by host enzymes to its active

Fig. 3 Corneal oedema in HSV endotheliitis. The same diagnosis
had been confirmed in the contralateral eye 5 years earlier.
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form ACV triphosphate [36]. This active form competes
with deoxyguanosine trisphosphate to be incorporated into
the replicating viral genome causing premature termination
[37]. ACV is by this mechanism an effective treatment for
HSV infection, widely available as an oral, intravenous and
topical formulation. ACV has good oral bioavailability
although absorption decreases with increasing dose, i.e.
20% of 200 mg and 12% of 800 mg due to absorption
saturation; intravenous compared to oral ACV has around
eight times higher bioavailability [38]. Oral ACV absorp-
tion can be increased by the addition a valine moiety in the
form of valaciclovir. Consequently, oral valaciclovir can
achieve comparable bioavailability to intravenous ACV
[39]. ACV has a favourable side effect profile as it requires
the viral TK to initiate conversion to its active form,
implying that its inhibitory effects are only seen at a sig-
nificant level in infected cells [40]. ACV and its metabolites
are excreted renally and dose adjustment is required in renal
failure and monitoring of renal function in long term ACV
use [41]. Aciclovir and nucleoside analogues do have three
main weaknesses; firstly, viral drug resistance is an emer-
ging issue, particularly in immunocompromised patients
[42]. Drug resistance is usually the result of a virus strain
that either does not produce TK, or produces a variant that
does not metabolise ACV [43]. Secondly as they block viral
replication they are not directly active against viral proteins.
Finally, and of most importance in keratitis management,
they are not effective in elimination of latent HSV infection.

Foscarnet

The pyrophosphate analogue DNA polymerase inhibitor
foscarnet is an active drug that is used in HSV and cyto-
megalovirus infections. Unlike nucleoside analogues it is
not metabolised by viral TK and for this reason is effective
in cases of ACV resistance, administered topically in ker-
atitis. In spite of this, resistance to foscarnet has been
documented, caused by mutations in the viral DNA poly-
merase gene which decrease its inhibitory effect [44].

Helicase–primase inhibitors

Helicase–primase inhibitors (pritelivir and amenamevir) are
a novel class of antiviral medication, that prevents viral
DNA synthesis independent of TK. Amenamevir exhibits
anti-herpes-zoster and simplex activity and has been
licenced for the treatment of shingles in Japan as it
demonstrated non-inferiority over Valaciclovir [45]. Prite-
livir has anti-HSV activity with clinical trials on its role in
the management of genital herpes [46]. Their role in the
management of HSK remains unknown at present but will
be an area of research interest in the future.

Epithelial keratitis management problems

Epithelial keratitis should in all cases have resolved within 2
or at most 3 weeks on topical antiviral taken five times
daily. Indeed, the natural history of epithelial keratitis is of a
self-resolving condition lasting up to 2 weeks [47, 48]. The
aim of treatment is to reduce the pain and the disease
duration. There is no evidence of differences in effective-
ness of topical antiviral treatments and ACV, GCV and
trifluorothymidine and are all relatively well tolerated [49].
The same meta-analysis concluded that a combination of
mechanical debridement and antiviral therapy might allow
faster healing but firm conclusions were limited by het-
erogeneity among studies.

Unresponsive epithelial keratitis

In cases of epithelial HSK unresponsive to treatment,
laboratory investigation for persisting virus is essential,
either by PCR or culture. This provides key primary
information in guiding management: a suggested algorithm
for further intervention is shown in Fig. 4. Poor compliance
with five times daily topical antiviral is probably the com-
monest underlying reason for persisting ulceration. In adults
compliant with treatment there is no additional benefit from
oral antiviral therapy. Oral ACV is effective in the treatment
of epithelial HSK [50] but an alternative to topical admin-
istration. In children and adults with learning disability oral
administration can be a useful treatment, particularly when
regular application of topical therapy is difficult [51].
Antiviral resistance, discussed below, is a relatively rare
cause for persistent ulceration, at least in immunocompetent
patients. Persisting ulceration may be accompanied by
unrecognised subjacent stromal inflammation. This is
identified by slit-lamp examination and its management
requires the addition of topical steroid (see below).

A further cause of persisting ulceration is metaherpetic
keratitis (a variant of neurotrophic keratitis), characterised
by absence of active viral infection and it follows a dendritic
or geographic ulcer. The causes of metaherpetic keratitis are
numerous including loss of superficial corneal innervation,
unstable tear film and toxicity from topical antivirals and
preservatives. Management requires close supervision over
several weeks and should commence with discontinuation
of non-essential topical medications. Additional non-
specific measures to support corneal re-epithelialisation
include lubricants and botulinum toxin-induced therapeutic
ptosis or temporary tarsorrhaphy. Further interventions used
in cases with significant corneal anaesthesia include con-
junctival flaps [52], amniotic membrane [52], topical auto-
logous serum [53] or topical recombinant human nerve
growth factor [54].
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Aciclovir resistance

Although ACV has become very widely used in eye and
other HSV infections, the prevalence of HSV-1 resistance
has remained very low in immunocompetent hosts. It is
significantly more prevalent in the immunocompromised,
including atopic patients. Resistance in most cases results
from mutations in the virus TK gene, resulting in a defective
TK protein. Duan et al. reported 6.4% prevalence of ACV-
resistant corneal isolates in immunocompetent HSK
patients, which correlated with specific TK polymorphisms
and poor response in vivo to ACV [55]. Clinicians mana-
ging patients with persistent ulceration due to suspected
antiviral resistance should check local virology laboratory
investigative facilities. The Public Health England virology
laboratory (info@PHE.gov.uk) at present offers twofold
investigation, requiring two corneal samples. First, viral
DNA can be examined by PCR for known mutation
sequences in TK and DNA polymerase genes. Second,
isolation of virus in culture enables quantification of in vitro
viricidal activity against the isolate of a range of drugs,
which allows rationalised drug selection and possibly a TK-
independent drug such as foscarnet. The work of Duan et al.
has demonstrated that the proportion of ACV-resistant virus
particles in cornea determines the efficacy of ACV [42, 55].
Accordingly, if an epithelial lesion has not healed within
2 weeks in a compliant patient and persistent HSV DNA is
identified, options are either ACV at increased dose 800 mg
5 times/day (alternatively valaciclovir 1 g 3/day) for 1 week,
or foscarnet 2.6 mg/ml drops two hourly for 2 weeks.

In conclusion epithelial HSK is a self-limiting condition
that can be shortened with topical antiviral therapy. In cases

of poor treatment response, laboratory confirmation of
diagnosis is essential. Further strategies such as changing to
oral antiviral to improve compliance and debridement of
lesions can be considered.

Stromal keratitis management problems

Stromal differs from epithelial keratitis in that there is both a
local viral cytopathic effect and a host immunological and
reparative response [56]. The Herpetic Eye Disease Study
(HEDS) group reported a series of placebo-controlled ran-
domised controlled trials that has been pivotal in guiding the
treatment and prevention of stromal keratitis and its recur-
rence. Findings demonstrated clear benefit of topical corti-
costeroid [57] in one study in which participants were treated
with trifluorothymidine plus either 10-week tapering topical
prednisolone or placebo. However, despite the significant
benefit in the steroid-treated group, it was found in this group
that half of the failures occurred within 6 weeks of completing
steroid treatment. This observation makes the point that
steroid drops should be reduced cautiously and possibly
continued at very low frequency and potency for months after
stromal keratitis symptom resolution. A further observation of
interest in this trial is that there was no difference in the visual
acuity at 6 months between the groups, suggesting that
delaying the initiation of steroid treatment does not have a
long-term effect adverse visual consequence. Initial treatment
of stromal keratitis with antiviral only may have a helpful
effect in reducing stromal virus load, but there is no controlled
trial of antiviral with delayed steroid which has examined for
any benefit in reduced recurrence rate.

Fig. 4 Management of persistent ulceration in HSV keratitis. Laboratory confirmation or exclusion of active viral infection is critical in this
suggested approach in the management of persistent corneal ulceration.
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Complex stromal keratitis management

One of the more troublesome complications of HSK man-
agement is concurrent raised intraocular pressure, most
frequently as an adverse effect of topical steroids. There are
small uncontrolled studies of topical cyclosporin, a calci-
neurin inhibitor, reporting benefit in non-necrotising stro-
mal keratitis and reducing the required dose of steroid
[58, 59]. HSV stromal keratitis associated with endotheliitis
and/or uveitis is less common and requires treatment with a
combination of topical steroid with both oral and topical
antiviral. For highest intraocular steroid concentrations, the
steroid in keratouveitis needs to be prednisolone acetate 1%
(L Remeijer, personal communication), gradually reducing
to less potent steroids. In these cases, ACV is needed at
800 mg five times/day to reach the high aqueous humour
levels necessary in addition to topical ACV [60].

Management of stromal vascularisation

Stromal vascularisation, and associated lymphangiogenesis,
complicates active and inactive HSK through loss of corneal
transparency, lipid keratopathy and an increased risk of
subsequent keratoplasty rejection and failure. The treatment
of corneal vascularisation has been challenging, not least as
slit-lamp examination underestimates the degree and extent
of corneal vascularisation compared to multimodal imaging
using fluorescein and indocyanine green angiography [61].
Following a trial of topical corticosteroid, that has a broad
spectrum of angiogenic effects [62], accurate imaging is
recommended prior to any invasive treatments. Angio-
graphy guided fine needle diathermy of afferent feeder
vessels is highly effective when a single or few feeder
vessels are identified, with the majority of patients requiring
less than three treatments [63].

Multiple, diffuse afferent vessels provide more of a
treatment challenge where a combination of treatments is
often required. Anti-vascular endothelial growth factor
(anti-VEGF) agents have not been as effective for corneal
vascularisation compared to choroidal neovascularisation.
Off licence use of Anti-VEGF agents have had varying
success either given subconjunctivally near the area of
maximal vascularisation or topically [64, 65]. The main
limitations being the inability to penetrate the corneal epi-
thelium and remove already established vessels. A Pilot
study of combined fine needle diathermy and topical bev-
acizumab reduced the extent of vascularisation but provided
no improvement in visual acuity [66]. Aganirsen, an anti-
sense oligonucleotide inhibiting insulin receptor substrate-1
expression, induces significant reduction in corneal vascu-
larisation and improvements in patient reported quality of
life although no significant increase in visual acuity [67].

Prevention of stromal keratitis recurrence

Recurrent stromal HSK is the main cause of visual loss
from HSK [5]. To preserve visual acuity, rapid resolution of
active infections and prevention of recurrence is essential.
The HEDS group [68] investigated the rate of recurrence in
703 patients, of whom 337 had prior stromal HSK, rando-
mised to placebo or 400 mg ACV twice a day for 1 year and
followed for a further 6 months. Overall risk of recurrence
of either epithelial or stromal keratitis was reduced by 45%;
cumulative probability of stromal recurrence was 14% in
the ACV and 28% in the placebo groups. Notwithstanding
the reduction in recurrence risk to 14% rather than zero and
within a follow-up duration of only 6 months, the reduction
by 50% in patients with stromal HSK is clinically sig-
nificant and justifies this regime in selected patients. Clin-
icians must on a case-by-case basis select candidate patients
based on frequency of recurrences but also vision-
threatening stromal opacity. Questions arise on whether a
higher ACV dose or longer duration prophylaxis regime
would further reduce stromal recurrence risk. These may be
worth analysis in subsequent trials. However, one must bear
in mind the possibility that prophylaxis increases risk of
ACV-resistant keratitis caused by selection for corneal
ACV-resistant HSV-1 viruses. Van Velzen et al. reported an
increased odds ratio of 3.42 of developing resistant strains
of HSV if patients have been on ACV for over a year [69].
This was also associated with increased risk of prolonged
recurrence duration suggestive of treatment failure. Taken
together these studies suggest in addition to case selection,
that ACV prophylaxis be considered for one year only and
subsequent recurrences be treated aggressively with mon-
itoring for ACV-resistant strains.
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