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13.1 Background

Herpes simplex virus (HSV) is a ubiquitous double-stranded DNA virus that is a
member of the human herpesvirus family. Humans are the only known natural res-
ervoir for the virus. HSV is the etiology for several systemic infections including
orolabial herpes, herpes gladiatorum, and herpes encephalitis [1]. When involving
the ocular and periocular tissue, HSV can manifest as blepharitis, conjunctivitis,
keratitis, iritis, trabeculitis, or retinitis. HSV keratitis is the most common etiology
for infectious corneal blindness in developed countries [2]. The annual cost of treat-
ment for this infectious condition reaches the tens of millions of dollars in the
United States alone [3].

Disease may either occur as a primary infection or as a recurrence of latent dis-
ease. Primary infection with HSV typically occurs secondary to HSV spread through
direct contact of infected lesions or secretions, such as tears or saliva, with mucous
membranes of the host [4]. Asymptomatic individuals may shed HSV into their
saliva, and one study found that 92% of asymptomatic HS V-infected subjects shed
HSV-1 DNA from tears at least once during a 30-day period [5]. Interestingly, only
74% of subjects from this study were IgG positive for HSV-1, indicating that indi-
viduals who are seronegative can still harbor and shed HSV [5]. Many patients
experience symptoms during primary infection; however, approximately two-thirds
of primary HSV infections are unrecognized or asymptomatic.

Ocular HSV infection typically occurs secondary to the HSV-1 virus, although
HSV-2 can also be responsible for HSV keratitis [1]. While HSV-2 is classically
responsible for most genital herpes infections, HSV-1 and HSV-2 have been identi-
fied in similar numbers in the trigeminal and sacral ganglia at autopsy [6]. Therefore,
host cell factors are the likely reason for the preference of HSV-1 for the facial area
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and HSV-2 for the genital area. In the United States, approximately 50% of the
population harbors HSV-1 by 30 years of age, while at least 90% is infected by age
60 years [7, 8]. Studies from across different countries estimate the incidence of
new cases of ocular HSV to range from 5 to 15 new cases per 100,000 individuals
per year [4, 9—12]. This rate appears to be slowly trending upwards [4, 13].

13.2 Manifestations of HSV Keratitis
13.2.1 Epithelial Keratitis

Epithelial keratitis is the most common subtype of HSV keratitis [14]. Typical
symptoms include redness, discharge, pain, and photophobia. With recurrent dis-
ease, chronic neurotrophic changes may result in fewer ocular pain symptoms. The
differential diagnosis of HSV epithelial keratitis includes Acanthamoeba keratitis,
varicella zoster virus (VZV) keratitis, Epstein-Barr virus keratitis, and epithelial
regeneration lines.

The classic features of HSV epithelial keratitis are coarse, granular epithelial
lesions that coalesce to form corneal dendrites [15]. A corneal dendrite is linear,
branching, and exhibits terminal bulbs (Fig. 13.1). These dendrites are ulcerated and
feature fluorescein staining at their base (Fig. 13.2) with rose bengal or lissamine
green staining of the surrounding devitalized epithelial cells. Upon healing, a “ghost
dendrite” can appear, characterized by subepithelial haze in a dendritic pattern.
Dendrites present less frequently during recurrent disease. Other features of HSV
epithelial keratitis include larger geographic ulcers (Fig. 13.3) or peripheral ulcers.
The presence of a peripheral ulcer may result in misdiagnosis as an autoimmune-
related keratitis.

Epithelial keratitis typically resolves without treatment in 2 weeks, but early
initiation of antiviral therapy can reduce disease severity and hasten recovery [1].
Although epithelial debridement is a long-standing practice, there is strong evi-
dence that debridement alone is insufficient therapy for HSV epithelial keratitis

Fig. 13.1 Dendrite in
HSYV epithelial keratitis
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Fig. 13.2 Fluorescein
staining of multiple
dendrites in HSV epithelial
keratitis

Fig. 13.3 Fluorescein
staining of geographic
HSYV epithelial keratitis in
an eye after penetrating
keratoplasty for HSV
scarring

[16]. Several studies suggest that treatment with a combination of antiviral therapy
and debridement results in faster healing than treatment with antiviral therapy alone
[17, 18]. Debridement may be followed by amniotic membrane placement to poten-
tially hasten recovery [19].

Medication options include systemic agents and topical therapy, with overall
equal effectiveness between oral and ophthalmic options. In general, it is advisable
to avoid or minimize topical corticosteroids in cases of HSV epithelial keratitis.
Many cornea specialists prefer systemic over topical antiviral therapy due to its
higher bioavailability, ease of administration, and the surface toxicity associated
with many topical agents. Acyclovir and its derivatives contain nucleoside analogs
that are selectively phosphorylated by viral and not host enzymes, therefore exhibit-
ing few side effects. The analog is incorporated into viral DNA and results in chain
termination, preventing further viral replication [20, 21]. Oral acyclovir reaches
therapeutic levels in both tears and aqueous humor [22].

Oral treatment regimens include a 7-10 day course of acyclovir 400 mg three to
five times daily, valacyclovir 500 mg two to three times daily, or famciclovir 250 mg
two to three times daily. In cases of geographic ulcers, practitioners may extend
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treatment for 14-21 days and increase dosing to acyclovir 800 mg five times daily,
valacyclovir 1 g three times daily, or famciclovir 500 mg two to three times daily.
Compared with oral acyclovir, valacyclovir is better absorbed from the gastrointes-
tinal tract with a threefold to fourfold higher circulating drug level, requiring a
reduced frequency of administration and possibly improved patient adherence [23,
24]. Side effects of these medications include nausea, vomiting, diarrhea, or other
gastrointestinal disturbances [24]. Oral antiviral agents should be employed with
caution in elderly patients or in those with renal disease, as they have the potential
to induce nephrotoxicity. In refractory cases, systemic valganciclovir has also
shown successful results [25].

Although many clinicians prefer systemic to topical antiviral therapy, some cases
of HSV keratitis may not respond to oral therapy alone, and can benefit from the
addition of topical treatment [26]. While such selected cases exist, no large-scale
study has demonstrated a benefit to dual topical and oral therapy for HSV keratitis
compared to treatment with a single antiviral medication [27]. For decades, topical
regimens for HSV epithelial keratitis included idoxuridine, vidarabine, and trifluri-
dine 1%. These agents are limited primarily by toxicity, resulting in keratoconjunc-
tivitis, allergic conjunctivitis, and punctal stenosis [28]. Overall, topical antiviral
medications result in an allergic or toxic blepharoconjunctivitis or corneal epitheli-
opathy in 5-10% of patients [29].

Current topical regimens available in the United States for HSV epithelial kera-
titis include trifluridine 1% ophthalmic solution nine times daily for 7 days or gan-
ciclovir 0.15% ophthalmic gel five times daily until the epithelium closes, followed
by three times daily for 7 days. Many practitioners avoid using trifluridine 1% for
more than 14-21 days due to toxicity. Acyclovir 3% ophthalmic ointment, which
was approved by the United States Food and Drug Administration (FDA) in 2019,
is better tolerated than trifluridine 1%, even with long-term use, but can cause
blurred vision [30]. Ganciclovir 0.15% ophthalmic gel causes less visual distur-
bances and toxicity as compared to acyclovir 3% ointment with equivalent efficacy
[31]. Despite having fewer side effects, ganciclovir 0.15% gel can also result in
blurred vision and punctate keratitis [32].

Importantly, most topical antiviral medications fail to reach therapeutic levels in
the aqueous humor, with the exception of acyclovir 3% ointment, and should not be
used as monotherapy in cases of HSV keratouveitis [33]. Adequate aqueous concen-
trations of trifluridine 1% can be attained after epithelial debridement [34, 35].
Furthermore, topical therapy does not prevent reactivation of the virus from the
sensory ganglia [30].

Long-term treatment with any of these medications can uncommonly result in
the emergence of resistance due to viral mutations [36, 37]. Resistance to acyclovir
has been shown to present more frequently in immunocompromised individuals
those with recurrent ocular HSV infections [38]. Mutations in thymidine kinase are
responsible for most cases of acyclovir resistance, and these strains are also resis-
tant to valacyclovir, ganciclovir, and famciclovir [39, 40]. In these cases, other anti-
viral agents such as foscarnet, cidofovir, and trifluridine should be considered
[40-42]. There is some evidence for corneal collagen cross-linking in the manage-
ment of refractory cases of HSV keratitis, although recurrences may occur [43].
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13.2.2 Stromal Keratitis

HSV stromal keratitis develops secondary to retained HSV antigens that initiate an
antigen-antibody complement cascade, triggering an immune reaction [1]. The con-
dition may exist with or without epithelial ulceration. The differential diagnosis of
HSV stromal keratitis includes any other cause of interstitial keratitis including
VZV Kkeratitis, syphilis, Cogan’s syndrome, measles keratitis, and mumps keratitis.

The pathogenesis of HSV stromal keratitis has been shown to involve T-cell acti-
vation and cytokine release [44, 45]. The condition may occur primarily or may
present secondary to epithelial or endothelial disease. Findings on examination for
stromal keratitis without epithelial ulceration include unifocal, multifocal
(Fig. 13.4), or diffuse stromal infiltrates. Stromal edema or thinning may variably be
present, and slit lamp examination may demonstrate an immune ring or neovascu-
larization. Although these vessels may recede with time to form “ghost vessels,”
persistent active vessels may result in lipid keratopathy and visually significant
scarring (Fig. 13.5).

HSV stromal keratitis without epithelial ulceration is treated with prophylactic
oral antiviral therapy and the addition of a topical corticosteroid, usually predniso-
lone acetate 1% ophthalmic suspension six to eight times daily. Corticosteroid

Fig. 13.4 Multifocal
stromal infiltrates in HSV
stromal keratitis

‘

Fig. 13.5 HSV scar with
neovascularization and
lipid keratopathy
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alternatives include fluorometholone 0.1-0.25% suspension and difluprednate
0.05% emulsion. Prophylactic oral antiviral options include acyclovir 400 mg twice
daily, valacyclovir 500 mg once or twice daily, or famciclovir 250 mg once or twice
daily. Oral antiviral medications should be continued for at least as long as cortico-
steroids are in use.

The Herpetic Eye Disease Study (HEDS) established the importance of topical
corticosteroids in the treatment of HSV stromal keratitis and demonstrated a
decrease in persistent or progressive stromal keratitis as well as a shortened duration
of keratitis with initiation of topical corticosteroids [46]. The corticosteroid should
be tapered very slowly, often over at least 10 weeks, to the lowest dose required to
control inflammation. Long-term corticosteroid maintenance therapy may be
required in addition to oral antiviral prophylaxis. Topical cyclosporine 2% has
shown comparable results to topical prednisolone 1% in best-corrected visual acuity
and corneal densitometry after stromal keratitis [47]. There is some evidence that
topical cyclosporine ranging in concentration from 0.05 to 2% may replace or
reduce the need for topical corticosteroids in HSV stromal keratitis cases with
steroid-induced glaucoma [48-50].

A more severe form of stromal keratitis, often referred to as necrotizing stromal
keratitis, involves concomitant epithelial ulceration and stromal loss (Fig. 13.6).
This less frequent manifestation is thought to be secondary to viral invasion of the
corneal stroma. The differential diagnosis includes microbial keratitis, keratolysis
from chemical injuries and autoimmune conditions, and neurotrophic keratopathy.
This aggressive condition is typically more resistant to therapy and involves signifi-
cant keratolysis, ulceration, thinning (Fig. 13.7), and possibly corneal perforation.
Since this condition shares features of bacterial keratitis, cultures should be per-
formed to rule out other sources of infection.

Many physicians will treat stromal keratitis with epithelial ulceration with acy-
clovir 400-800 mg three to five times daily, valacyclovir 500 mg to 1 g three times
daily, or famciclovir 250-500 mg two to three times daily. Topical trifluridine 1%
and ganciclovir 0.15% demonstrate insufficient penetration of the corneal stroma,
and therefore oral agents are preferred [35]. Judicious topical corticosteroids, often

Fig. 13.6 Stromal melt in
HSV stromal keratitis with
epithelial ulceration
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Fig. 13.7 Significant
stromal thinning
demonstrated using slit
beam in the eye with HSV
stromal keratitis with
epithelial ulceration seen
in Fig. 13.6

Fig. 13.8 Pattern of
disciform endothelitis
associated with keratic
precipitates in HSV
endothelial keratitis

prednisolone 1% one to four times daily, may also be employed. Combining amni-
otic membrane grafting with medical therapy may help, but definitive data for the
success of this approach has not been demonstrated [51]. Once the infection is con-
trolled, oral antiviral therapy is reduced to a prophylactic dose and continued for as
long as topical corticosteroids are used.

13.2.3 Endothelial Keratitis

HSV endothelial keratitis, also known as HSV endotheliitis, results from virus in
the anterior chamber. Clinical findings include keratic precipitates, iritis, and stro-
mal edema. The differential diagnosis of HSV endotheliitis includes any etiology of
keratouveitis, Posner-Schlossman syndrome, and cytomegalovirus endothelial kera-
titis. In many cases, there is no prior known history of HSV epithelial or stromal
keratitis. Endotheliitis may be subdivided based on the pattern of involvement as
disciform, diffuse, or linear. Disciform endotheliitis is the most common form
(Fig. 13.8), featuring a focal round area of stromal edema associated with
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underlying keratic precipitates and anterior uveitis [52]. Diffuse endotheliitis occurs
less frequently, demonstrating keratic precipitates distributed throughout the endo-
thelium. Diffuse endotheliitis may sometimes involve a retrocorneal plaque or a
hypopyon, therefore potentially resembling a fungal infection. Finally, linear endo-
theliitis is characterized by a well-defined linear or serpiginous arrangement of
keratic precipitates that demarcates edematous cornea from uninvolved and
clear cornea.

The treatment regimen of HSV endotheliitis varies across practitioners, but
active HSV in the anterior chamber necessitates systemic antiviral therapy instead
of topical agents. Antiviral therapy is acyclovir 400 mg five times daily, valacyclovir
500 mg two to three times daily, or famciclovir 250 mg two to three times daily.
Topical corticosteroids are typically initiated as well, usually prednisolone 1% six
to eight times daily. Oral antiviral medication is continued until resolution of kera-
titis, and reduced to a prophylactic dose for as long as topical corticosteroids are
being used. Linear endotheliitis may be more difficult to treat than the other pat-
terns, and higher dosing of oral antivirals and corticosteroids may be indicated [1].
This would include acyclovir 400-800 mg five times daily, valacyclovir 500 mg to
1 g three times daily, or famciclovir 250-500 mg three times daily.

13.2.4 Keratouveitis

HSYV keratouveitis may occur in association with epithelial, stromal, or endothelial
disease. Anterior chamber inflammation occurs in up to 10% of patients with HSV
keratitis [53]. Although the recognition of herpetic anterior uveitis is typically
straightforward in the context of obvious herpetic lesions such as dendrites, it can
be more challenging to identify the diagnosis in the absence of these findings. Clues
pointing to the diagnosis of HSV keratouveitis include the presence of corneal scars
or edema, decreased corneal sensation, geographically or diffusely distributed
keratic precipitates, acutely elevated intraocular pressure, unilateral findings, and
iris atrophy which can produce pupillary distortion and transillumination defects
(Fig. 13.9) [30].

Fig.13.9 Iris atrophy
demonstrated using slit
lamp transillumination in a
patient with previous HSV
keratouveitis and
penetrating keratoplasty
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It is critical to distinguish HSV keratouveitis from VZV keratouveitis [54].
Typical concurrent or prior cutaneous lesions may provide strong support for VZV-
related iritis, although these findings are not always present. Dendritic keratitis may
help differentiate between the two, although it may be challenging to distinguish
between HSV dendrites and VZV pseudodendrites, which are slightly elevated,
polymorphous, exhibit less regular branching, demonstrate few terminal dilations,
and have central rose bengal staining [30].

The treatment of HSV keratouveitis typically includes acyclovir 400-800 mg
five times daily, valacyclovir 500 mg to 1 g three times daily, or famciclovir
250-500 mg three times daily. HEDS examined the effect of oral acyclovir in cases
of herpetic keratitis on the duration and recurrence of anterior uveitis, and failed to
identify a statistically significant treatment effect [55]. However, this arm of HEDS
was relatively small and potentially underpowered [30]. Furthermore, patients were
initially treated with both oral acyclovir and topical trifluridine, and therefore it may
have been more difficult to identify a treatment effect of the oral acyclovir [30].
Hence, many practitioners will treat herpetic keratouveitis with high dose oral anti-
viral medication until resolution of infection, and continued maintenance therapy
with oral antiviral medication is typically employed to decrease recurrences [56].
Patients are started on topical corticosteroids and a cycloplegic agent to prevent
posterior synechiae development and for improved comfort.

13.3 Diagnosis

Early diagnosis of HSV keratitis enables immediate treatment initiation to reduce
viral replication and hasten healing. Furthermore, inappropriate treatment can
aggravate corneal inflammation and lead to visually debilitating results.

The diagnosis of HSV keratitis is primarily clinical, with classic features as
described above. However, the diagnosis can be confounded by factors such as
duration of disease, systemic illnesses, prior therapy, and previous keratoplasty, all
of which can distort the appearance of HSV lesions [57]. In one study, 8% of HSV
cases diagnosed based on clinical appearance were identified using polymerase
chain reaction (PCR) as secondary to VZV [58]. When using PCR to confirm a
clinical diagnosis of HSV epithelial keratitis, only a moderate correlation was
detected, which was even poorer with atypical HSV lesions [57, 59]. Corneal lesions
caused by cytomegalovirus, adenovirus, and fungal infections also share features
with HSV keratitis and may cause misdiagnosis [7].

Viral culture and antigen detection methods [e.g., enzyme-linked immunosor-
bent assay (ELISA)] are available to detect HSV; however, the sensitivity of these
techniques is inferior to nucleic acid amplification tests [60]. PCR can be used to
identify HSV in cases of active viral replication, as is the case in epithelial keratitis
[61]. Viral PCR has the advantages of rapid results and a higher sensitivity as com-
pared to other methods [61]. Previous studies have demonstrated that PCR detects
anywhere from 29.2 to 76% more cases of HSV as compared to viral culture [62].
Using tear collections of clinically suspected HSV keratitis cases, one study found
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a sensitivity of ELISA to be 49.2% and specificity to be 82.6%, whereas sensitivity
of PCR was 55.8% and specificity 100% [63]. There is significant variation in stud-
ies comparing the rates of HSV detection by PCR and clinical diagnosis [59].

One advantage of PCR is that specimens may be obtained from the corneal sur-
face or the anterior chamber, allowing for detection of epithelial or endothelial
infection. Unfortunately, PCR has shown less utility for the identification of
immune-mediated stromal keratitis, given that viral infection does not directly cause
this condition [59]. In cases of endotheliitis in post-keratoplasty eyes, the findings
may clinically mimic graft rejection; PCR analysis of aqueous humor can be par-
ticularly useful in this setting [64, 65].

One major limitation of PCR is that it may produce false negatives in patients
with atypical herpetic lesions or in patients actively using antiviral therapy [66].
One report identified an 80% decrease in detectable virus among individuals who
had been treated with acyclovir 400 mg twice daily [67]. In addition, several com-
pounds utilized during clinical evaluation can also affect PCR results. For example,
oxybuprocaine, a topical anesthetic used in combination with fluorescein to enhance
visualization of HSV lesions, can decrease PCR yield by more than 2 logs (DNA
copies/sample) [68]. Rose bengal and lissamine green may also interfere with the
detection of HSV-DNA using PCR [69].

An alternative means of diagnosis is in vivo confocal microscopy (IVCM), in
which viral keratitis is suggested by a lack of atypical organisms, presence of den-
dritic cells in the basal epithelial and subepithelial nerve plexus regions, decrease in
the subepithelial nerve plexus, and hyperreflective keratocytes in the anterior stroma
[70]. Although highly operator-dependent, one study demonstrated a sensitivity and
specificity of IVCM in identifying HSV keratitis as 100% and 93.2%, respec-
tively [71].

Newer techniques include tear film analyses, for which a combined assay for
HSV immunoglobulins and HSV-DNA demonstrated a 98% positive predictive
value for stromal keratitis [72]. Tear samples have also been employed to detect
HSV epithelial keratitis, with PCR testing as well as evaluation for HSV-1 antigens
by indirect immunofluorescence assays [73]. Tear collection analysis has been
shown to yield lower detection rates for HSV endotheliitis compared to HSV epi-
thelial keratitis [63]. Furthermore, viral loads in tear collections diminish after
11 days of illness, which could contribute to false negatives [63]. Other technolo-
gies include gene sequencing of intraocular samples [74].

13.4 Special Circumstances

13.4.1 Pediatric Disease

In infants, primary HSV keratitis typically occurs secondary to HSV-2, which is
transmitted through antenatal, intrapartum, or postnatal exposures. Due to a weaker
immune system, HSV infection in this population may have a severe course.
Immediate and aggressive treatment is crucial to prevent amblyopia and poor visual
results [75, 76].



13 Herpes Simplex Virus (HSV) Keratitis 197

Older children with HSV keratitis also tend to experience more severe infection
than adults, increased frequency of recurrences, and worse corneal scarring and
astigmatism, resulting in poorer visual outcomes and amblyopia [77-79]. Similarly,
episodes of HSV stromal keratitis in children tend to be more severe [79]. Pediatric
HSV keratitis is compounded by the difficulty in examining this population, and as
a result the condition may be commonly misdiagnosed resulting in delayed treat-
ment [79]. In addition, pediatric cases of HSV keratitis are more likely to present
bilaterally, with rates of 3.4-26%, as compared to 1.3—12% in adults [7, 77, 78,
80-83]. Furthermore, children are more likely to experience HSV keratitis recur-
rences within the first year of an initial episode as compared to adults (45-50% vs.
18%, respectively) [77, 80, 84].

The treatment of pediatric HSV keratitis differs from adults. Topical trifluridine
1% is only FDA approved for children age six and above, whereas ganciclovir
0.15% is FDA approved in children over the age of 2 years. Acyclovir is safe in
neonates, however valacyclovir is indicated in children age two years or above.
Famciclovir, on the other hand, is only indicated in patients older than 18 years of
age. Acyclovir dosing may vary based on experience of the physician, and one study
advised a treatment dose of 12-80 mg/kg/day in divided doses, and a prophylactic
dose of 12-20 mg/kg/day [85].

13.4.2 Bilateral Disease

Although most cases of HSV keratitis are unilateral, in approximately 1.3—-12% of
adult cases, bilateral infections occur. This presentation may occur in immunocom-
promised individuals [59, 81]. Additionally, bilateral HSV keratitis is more com-
mon in cases of primary as compared to recurrent HSV keratitis [12]. As described
above, bilateral HSV keratitis is more prevalent in the pediatric age group.

In addition, patients with atopy are also more likely to suffer from bilateral HSV
keratitis [86]. Atopic describes patients with a personal or family history of hay
fever, asthma, or eczema. In general, patients with atopy exhibit an exaggerated
reactivity to common environmental antigens that typically cause no response in
other individuals; these antigens stimulate the production and activation of eosino-
phils. These individuals experience altered cell-mediated immunity and are there-
fore susceptible to HSV keratitis [8§7-89]. One study documented a 2.0-4.8-fold
increased odds of developing ocular HSV in individuals with atopic disease com-
pared to those without atopy [86]. Patients with atopy and HSV keratitis often have
severe cases of infection with a poorer therapeutic response to topical antiviral
agents as compared to oral therapy [87]. These patients may necessitate relatively
higher doses of oral antivirals.

13.4.3 Recurrent Disease

Oftentimes, primary infection of the cornea is detected on clinical exam. However,
initial disease may be subclinical and still establish latent infection. After primary
infection, the virus can be subsequently transported in a retrograde fashion via
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sensory neurons, establishing latency in the trigeminal ganglia [90]. The virus
remains asymptomatic in the sensory ganglia until reactivation, resulting in second-
ary or recurrent HSV infection. Each episode of recurrent keratitis increases the risk
of subsequent episodes [12]. Recurrence rates of HSV keratitis are approximately
25% in the first year after initial disease and 33% by the second year [91]. Evidence
indicates that short intervals between previous episodes of HSV keratitis are associ-
ated with similarly short intervals between future episodes [92]. Seroprevalence is
affected by the level of exposure to the source of infection, and therefore is influ-
enced by factors such as crowding, poor hygiene, and age [7].

The severity and probability of recurrent HSV keratitis is dependent on the viru-
lence of the viral strain and the susceptibility of the host to this particular strain. The
underlying mechanism of reactivation or recurrence remains largely unknown;
however, several hypotheses have been proposed. One possible explanation is that a
high quantity of latent viral copies and the number of latently infected neurons may
overwhelm the cellular defense mechanisms against viral infection [93].

Local stressors are well-known triggers for reactivation of HSV keratitis, and
infection has been documented to occur more frequently following intravitreal
injections [94], after cataract surgery [95], and after corneal transplantation [96].
HSV keratitis has also been reported after laser-assisted in situ keratomileusis
(LASIK) [97, 98], laser iridotomy [99], argon laser trabeculoplasty [100], photo-
therapeutic keratectomy (PTK) [101], and photorefractive keratectomy (PRK) [102].

Certain topical medications also result in a predisposition of the cornea to HSV
recurrence. For example, topical prostaglandin analogs, used for the treatment of
elevated intraocular pressure, have been shown to be associated with HSV epithelial
keratitis [103, 104]. Prostaglandins are therefore best avoided in patients with a
known history of HSV keratitis. Additionally, several forms of corticosteroids,
including topical, intravitreal, or systemic formulations, can predispose to HSV epi-
thelial keratitis [105-107].

HEDS found no association of ocular HSV recurrence with psychological stress,
systemic infection, ultraviolet light exposure, menstruation, contact lens wear, or
eye injury [46]. However, other individual studies have identified possible associa-
tions of recurrent HSV infection with systemic fever [108], menstruation [109],
psychological stress [110], and upper respiratory tract infections [111].

13.4.4 Prophylaxis

HEDS investigated the benefit of acyclovir 400 mg twice daily for the prevention of
recurrent ocular HSV over a 12 month period and found that this regimen reduced
the recurrence of ocular disease by approximately 50% [46]. This finding estab-
lished the recommendation for long-term prophylaxis. Additionally, 12 months of
oral antiviral prophylaxis reduces episodes of both HSV epithelial and stromal kera-
titis, the latter of which was only significant in individuals with a known history of
HSV stromal keratitis [112]. Given the degree of morbidity associated with HSV
stromal keratitis, long-term oral antiviral prophylaxis is beneficial for individuals
with a history of this condition.
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Importantly, antiviral agents may not prevent the development of new stromal
keratitis, which is immunomediated; however, by reducing viral load, the magni-
tude of the inflammatory response may be suppressed [7]. HEDS included patients
treated for HSV epithelial keratitis with topical trifluridine and evaluated whether
oral acyclovir 400 mg five times daily for 3 weeks reduced future episodes of HSV
stromal keratitis. The study found no benefit of short-term systemic antivirals in
preventing stromal keratitis [29].

Prophylaxis options include acyclovir 400 mg twice daily, valacyclovir 500 mg
once or twice daily, or famciclovir 250 mg once or twice daily. A trial of patients
with a history of recurrent ocular HSV found no difference between the efficacy of
oral acyclovir 400 mg twice daily and valacyclovir 500 mg once daily in the preven-
tion of recurrences [113]. A study comparing systemic and topical acyclovir 3%
ointment for the prevention of HSV keratitis recurrence following corneal trans-
plant found significantly better results in those treated with oral acyclovir [114].
Prophylaxis is typically continued for at least 1 year, but often for many years, and
permanently after corneal transplantation.

Indications for prophylaxis include, but are not limited to, cases of multiple
recurrences of any form of HSV keratitis, postoperatively in patients with a history
of HSV ocular disease, and a history of ocular HSV in patients undergoing immu-
nosuppressive therapy. Additional populations that may benefit from prophylaxis
include immunosuppressed, monocular, and atopic individuals.

The host immune system plays a central role in dictating general susceptibility to
ocular HSV infections and prevention of HSV recurrences. For example, patients
with prior organ transplants are often immunocompromised due to systemic immu-
nosuppressive medications. These patients face an increased risk of HSV infection
and reactivation [115-117]. Other predisposing conditions for HSV infection and
recurrence include long-standing diabetes mellitus, especially with poor glycemic
control [118-120]. HIV positive patients have been shown to have a higher recur-
rence rate of HSV keratitis [121].

Finally, a study of patients with a history of recurrent HSV keratitis identified
that recurrences were more likely in patients with ocular surgery within the prior
6 weeks. Among those with recurrences following ocular surgery, individuals on
higher doses of oral acyclovir (average 1321 mg/day) faced fewer recurrences com-
pared to those on lower doses (average 1000 mg/day) [122]. Hence, a higher dosing
of prophylactic acyclovir may be appropriate in the perioperative period for patients
with a history of HSV keratitis. This may include acyclovir 400 mg four or five
times daily for a week preceding surgery until 1-2 weeks after surgery, although the
regimen may vary based on the practitioner.

13.5 Management of Sequelae
13.5.1 Neurotrophic Keratopathy
The cornea is the most densely innervated tissue in the human body [123]. Corneal

nerves are responsible for several reflexive, sensory, and trophic processes involving
the ocular surface, and play a central role in the blink reflex, tear production, tear
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secretion, epithelial integrity, epithelial proliferation, and wound healing [124—126].
Prior episodes of herpetic keratitis may result in damage to corneal nerves, leading
to neurotrophic keratopathy and corneal hypoesthesia. As the number of previous
episodes of HSV keratitis increases, corneal sensitivity decreases [127]. A decrease
in subbasal nerve corneal nerve fiber length and nerve branch density correlate with
this decreased sensitivity [123].

Neurotrophic keratopathy may range in severity from mild epitheliopathy to
oval-shaped ulceration. Patients often experience decreased corneal sensation,
recurrent epithelial defects, or in more advanced cases, corneal ulceration, melting,
and possibly perforation [128, 129]. Progressive corneal thinning and perforation
may be managed with amniotic membrane grafting, corneal glue, tarsorrhaphy, con-
junctival flap, patch grafting, or tectonic keratoplasty [130].

Corneal nerves have been demonstrated to regenerate in other instances of acute
neuronal damage, such as after corneal refractive surgery [131, 132]. However, con-
focal microscopy studies of corneas previously infected by HSV found that nerves
regenerate to a limited extent, which is often not clinically significant [123, 133,
134]. In one study, over an average follow-up of over 3 years, there was no signifi-
cant change in corneal sensation compared to the initial visit as measured by
Cochet-Bonnet esthesiometry (Luneau Ophthalmologie, Chartres, France), despite
a small but statistically significant increase in central total corneal nerve density
[133]. Another study showed that corneal sensation increased significantly at
6 months of follow-up, but did not reach normal levels [134].

Interestingly, subbasal nerve parameters of seemingly uninvolved contralateral
eyes in patients with HSV keratitis have also been shown to be lower than controls
[135-137]. The precise pathophysiology of contralateral eye changes remains
unknown, although several hypotheses have been postulated. One possible explana-
tion is that the central nervous system may regulate contralateral neuronal effects.
Alternatively, there may exist subclinical viral expansion to the contralateral side [123].

Management of neurotrophic keratopathy typically begins with lubrication, ban-
dage soft contact lens, serum tears, tarsorrhaphy, and amniotic membrane place-
ment. Systemic antiviral prophylaxis should be continued indefinitely. Topical
steroids may be employed judiciously if there is suspicion that inflammation is
inhibiting reepithelialization. Recombinant human nerve growth factor (rhNGF)
agents are being used increasingly in the management of neurotrophic keratopathy.
The REPARO trial evaluated the efficacy of rhNGF agents in promoting corneal
epithelialization in moderate-to-severe neurotrophic keratopathy [138]. Eyes treated
with ThNGF agents achieved higher rates of healing at 4 and 8 weeks [138]. This
effect appears to last for at least 1 year. The commercially available thNGF agent,
Oxervate (cenegermin-bkbj, Dompé, Milan, Italy), entered the United States market
in January 2019 and is administered six times a day for 8 weeks. A scleral lens may
also be a valuable therapeutic tool in treating neurotrophic keratopathy as it pro-
vides continuous hydration, protects the corneal epithelium, and optimizes vision
[139]. Finally, surgical management is an option, with corneal neurotization demon-
strating improved corneal sensation [140]. Confocal microscopy after neurotization
has identified reinnervation at the level of the subbasal nerve plexus [141].
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Fig. 13.10 Corneal
neovascularization and
band keratopathy in an eye
with a history of HSV
keratitis

13.5.2 Corneal Opacification

Repeated epithelial, stromal, and endothelial disease increases the risk of fibrosis
and neovascularization, with resulting visual loss [90]. Common findings include
corneal edema, scarring, opacification, neovascularization, lipid keratopathy, band
keratopathy, and irregular astigmatism (Fig. 13.10). In cases of stable, visually sig-
nificant corneal scarring, surgical options may include deep anterior lamellar kera-
toplasty or penetrating keratoplasty. Ocular HSV is responsible for about 10% of all
corneal transplants in the United Kingdom [142].

Penetrating keratoplasty in patients with a history of HSV keratitis involves sev-
eral special considerations. Graft failure following penetrating keratoplasty for
these patients may occur due to severe ocular surface disease, viral reactivation in
the graft, or allograft rejection [143]. Many surgeons will perform a temporary tar-
sorrhaphy at the time of keratoplasty in eyes with a history of HSV ocular disease.
HSV recurrences increase the risk of subsequent graft failure, and patients with a
history of ocular HSV have a higher incidence of graft rejection compared to those
with no history of HSV [144]. There are rare reports of transmission of HSV from
the donor cornea [145].

Recurrences of HSV keratitis following penetrating keratoplasty may be reduced
with oral antiviral prophylaxis; various reports have demonstrated that keratoplasty
patients with a history of HSV keratitis treated with prophylactic acyclovir experi-
ence fewer recurrences of infection [146—148]. The recurrence rate of HSV keratitis
after penetrating keratoplasty may be related to treatment length with oral acyclovir,
and patients treated with oral acyclovir for 1 year after keratoplasty experienced a
recurrence rate of 5% at 2 years [149]. On the other hand, individuals not treated
with antiviral prophylaxis after penetrating keratoplasty experienced a 27-50%
recurrence rate for HSV after 2 years [146, 150]. Many practitioners will continue
antiviral systemic prophylaxis for as long as a patient is on topical corticosteroids,
if not forever.
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13.6 Future Directions

With continued research into HSV pathophysiology, potential new avenues for ther-
apeutic agents have arisen. One area of active investigation is the development of a
HSV vaccine, which has shown promising results for HSV keratitis in a murine
model [151, 152]. While there are no FDA approved vaccines for the prevention of
HSV keratitis infection or recurrence, many research trials are underway in
this arena.
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