
Herpes Simplex Keratitis—A Significant 
Burden and Threat to Human Eyesight 
Herpes simplex keratitis (HSK), caused by the herpes simplex virus (HSV),

is the most common form of viral keratitis and is a common cause of

ocular morbidity and blindness.1,2 HSV infection is extremely common in

populations worldwide. It is one of the more common severe infectious

agents of the fetal and newborn periods, usually occurring after

exposure to the virus during delivery.3 Although infection is usually

acquired in early childhood, increasing age correlates with a significant

increase in the percentage of the population that is seropositive.4–6 In 

the US, nearly 60% of the population has shown evidence of infection

with nearly 20,000 new primary cases of ocular herpes per year.7

Approximately 1% of infected persons develop ocular outbreaks.8 Ocular

disease may be one of two forms—primary disease in patients with no

previous exposure to HSV typically occurring during childhood, or latent

disease in patients bearing dormant virus in the nerve ganglia or the

cornea which can be reactivated by factors such as stress, ultraviolet

(UV) radiation, and menstruation.9,10 Recurrent disease is more common,

accounting for 30,000 of the 50,000 cases of HSK diagnosed each 

year.11,12 Lesions are also common in immunosuppressed individuals, 

such as recent organ transplant patients or patients with human

immunodeficiency virus (HIV).8 HSV type 1 is almost exclusively

responsible for ocular and orofacial infections whilst HSV type 2 generally

causes genital disease. HSV type 2 may infect the eye by means of

orofacial contact with genital lesions and is occasionally transmitted to

neonates at birth when the mother has a genital HSV type 2 infection.

HSK initially presents as a cluster of small, clear vesicles in the epithelium

that accumulate to form dendritic lesions (see Figure 1), occurring in

approximately 15% of initial episodes of ocular HSV.13 Left untreated, they

can progress to geographic ulcers, a type of large epithelial defect 

with fimbriated edges. With progression of infection deeper into the

cornea, the stroma may become affected—stromal keratitis represents

approximately 2% of primary ocular HSV-1 infections.14

Patients may have latent HSV in the trigeminal ganglion or cornea, and

recurrent episodes of ocular disease can increase in incidence over

time, leading to an elevated risk of corneal damage and blindness.2,15

Patients with severe corneal damage are candidates for corneal

transplantation, but recurrence of HSK in the corneal graft may result 

in structural damage leading to graft rejection and failure.2,16 Upon
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diagnosis, immediate treatment of HSK is necessary if complications

leading to blindness are to be limited.8 This article will discuss the

treatments approved for HSK and in particular the evidence supporting

the use of ganciclovir (GCV) for this indication.

Treatments for Herpes Simplex Keratitis
Epithelial dendritic keratitis is usually treated with oral and/or topical

antiviral therapy.8 The antiviral agent trifluridine (TFT), approved in 1980, is

available in the US and Canada as a 1% ophthalmic solution (Viroptic®). It

is a nucleoside analogue, a modified form of deoxyuridine, which results in

the inhibition of DNA synthesis of both cells infected with HSV and healthy

epithelial cells. This non-specificity can lead to epithelial toxicity and

further damage to the cornea.8,17–20 Other topically applied ophthalmic

antivirals that have been used in Europe and the US include idoxuridine,

iododesoxycytidine, and vidarabine. However, due to high toxicity their use

has been superseded in favor of more selective agents.8,12,17 Acyclovir (ACV)

and GCV are two more recently developed antivirals with improved

selectivity and decreased toxicity compared with their predecessors.8

Outside the US, ACV ophthalmic ointment (3%) and GCV ophthalmic gel

(0.15%) are the European standard of care for first-line treatment of

acute superficial HSK. ACV has been used in HSK therapy for several

years and has proven efficacy in both clinical trials and in clinical

practice.8,17,21–24 ACV ointment or TFT combined with topical interferon

produced improved treatment success compared to use of the

nucleoside antiviral agent alone.25–28 GCV is an effective and 

well-tolerated treatment for HSK with more favorable pharmacokinetics

than ACV. Since 1995, the 0.15% gel preparation of GCV has been

commercially available in 30 countries within Europe, Asia, Africa, and

South America. In 2007, it was granted orphan drug designation for

treatment of HSK, and in 2009, it gained Food and Drug Administration

(FDA) approval for this indication.17 GCV in gel form causes less blurring

than ACV petrolatum-based ointment.2,8,17,22,29,30 ACV and GCV have been

widely used to treat herpetic keratitis with viral resistance typically

isolated to patients that are immunocompromised.31,32

Other treatments include debridement, which has some success

particularly when used in combination with antiviral treatments.12

Following medical therapy, complications of herpes keratitis, such as

corneal scarring, may require additional surgical management. Irregular

astigmatism resulting from chronic stromal keratitis may be corrected

with the use of rigid gas-permeable contact lenses.33 Penetrating

keratoplasty can be used for visual rehabilitation of patients with corneal

opacities or perforations.34 A small perforation in an inflamed eye may

be managed with a tissue adhesive, bandage contact lens, and/or

amniotic membrane transplantation.35,36

Mode of Action of Ganciclovir and Other
Treatments for Herpes Simplex Keratitis
GCV is a nucleoside analog of deoxyguanosine. In infected cells, GCV is

phosphorylated by viral thymidine kinase (vTK).37,38 Cellular TK has a low

affinity for GCV because the deoxyribose mimicking moiety inhibits

enzyme binding.39,40 GCV in therapeutic doses freely moves into and out

of uninfected cells. However, once phosphorylated GCV is trapped within

the cells due to its increased polarity.37 Thus, GCV accumulates in 

virus-infected cells. GCV monophosphate is then recognized by 

cellular kinases which form di- and triphosphoganciclovir (GCV-TP). GCV-

TP inhibits viral DNA replication in two ways. Firstly, GCV-TP

competitively inhibits deoxyguanosine triphosphate incorporation into

DNA, slowing viral DNA synthesis. Secondly, incorporation of GCV results

in DNA chain termination—additional nucleotides cannot be added on as

GCV lacks the essential deoxyribose.40,41 As uninfected healthy tissues are

largely unaffected, the toxicity of the treatment is low (see Figure 2).2,17,42

ACV has a similar mechanism of action to GCV, undergoing

phosphorylation by vTK, leading to DNA chain termination.42 Intracellular

GCV-TP concentrations are 10-fold higher compared to ACV-TP and 

its decline is much slower with an intracellular half-life exceeding 

24 hours.37,43,44 Furthermore, HSV mutants that are resistant to ACV due to

mutated vTK or DNA polymerase remain susceptible to GCV treatment.45

Both ACV and GCV are more selective than TFT, which is phosphorylated

in infected as well as in non-infected cells, and serves as a substrate for

both host and DNA polymerases.46,8 Thus, TFT inhibits viral replication

but healthy tissues are affected, rendering it highly toxic.20 In the eye,

the toxicity can manifest as ocular epithelial toxicity, resulting in delayed

healing of the corneal epithelium and stroma, corneal epithelial

dysplasia, or conjunctival scarring.8,17,20,46
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Figure 1: Fluorescein-stained Dendritic (A) and 
Geographic (B) Corneal Ulcers Caused by Herpes 
Simplex Viral Infection8
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Clinical Trials Evidence for the Use of Ganciclovir 
in the Treatment of Herpes Simplex Keratitis
Preclinical studies of GCV gel have demonstrated effective treatment of

herpetic keratitis. Experimental models of herpetic keratitis in rabbits and

mice have shown treatment with GCV 0.15% prevented lesion formation

and had greater efficacy than ACV.47–50 Additionally, chronic administration

of GCV in rabbits with HSK resulted in clinical efficacy and a significant

reduction of corneal ulcer area, clouding, and vascularization.51

GCV was developed for the treatment of acute superficial herpetic

keratitis as a replacement for earlier, less effective, or less tolerated

antivirals. Studies have found topical GCV gel treatment to be safe 

and well tolerated.29 Two further clinical trials in France examined 

GCV ophthalmic gel in randomized, double-masked studies evaluating

pharmacokinetics and tolerance in healthy volunteers. All volunteers

completed the studies and reported good tolerance and no significant

discomfort with only mild anomalies of no clinical consequence

following the application of the GCV gel.8

Phase II/III trials of GCV gel all occurred in treatment centers outside

North America and have not included any patients with HSK from US

centers. Clinical studies conducted in Europe, Asia, and Africa involving

over 370 patients, comparing the efficacy and tolerability of GCV

ophthalmic gel with ACV ointment in herpetic keratitis, showed that,

although not always statistically significant, GCV-treated patients tended

to have higher overall healing rates accompanied with lower relapse

rates than the ACV-treated patients (see Table 1, Figures 3 and 4).8,22,29

The first randomized, prospective phase II clinical trials occurred in the

early 1990s, involving 66 patients from across Africa and a further 37

patients from Europe. Patients with herpetic keratitis were treated with

either GCV (0.15%, 0.05%) gel or ACV (3%) petrolatum-based ointment

five times daily until healing and then three times daily for one week. In

the African study, the rate of healing was 82.6% for GCV 0.15%, 77.3%

for GCV 0.05%, and 72.7% ACV 3%, whilst the median healing time 

was seven days for the GCV treated patients and eight days for the 

ACV patients. Greater tolerance and compliance were observed,

accompanied by less stinging and burning sensations in the GCV treated

groups compared to the ACV treated groups.29 In the European study,

patients experienced less blurring in the GCV groups compared to ACV

treatment (38.5% and 76.9%, respectively), while less burning/stinging

sensations were reported by patients receiving the GCV (0.15% and

0.05%) treatment compared to ACV (16.7% and 50%, respectively).29 A

third clinical study undertaken in Karachi, Pakistan, involved 109

patients in a similar randomized, controlled trial design as the European

and African trials. Similar to the earlier trials, this study reported GCV to

have generally improved healing rates, and lower incidences of relapse

and withdrawal when compared to ACV treatment.8 The elevated

withdrawal rate in the ACV treated patients was due to treatment failure

relating to worsening condition or reduced therapeutic efficacy.

There has been one large multicenter, prospective, randomized phase III

study examining the effects of topical GCV gel and ACV ointment for the

treatment of HSV herpetic keratitis.22 This study involved 164 patients

across 28 study centers within Europe. Analysis of the clinical study

results indicate that GCV 0.15% was at least as effective as ACV 3% for

treating acute herpetic keratitis with similar median time to healing.

Patients treated with GCV did however report less blurring and fewer

incidences of stinging or burning sensations.8,22

GCV can penetrate the corneal stroma following topical application

which results in therapeutic levels of GCV in the aqueous humor. Results

from the previous clinical studies demonstrate that GCV is as effective

as ACV for treating herpetic keratitis in humans, and, when applied in

gel form, causes less blurring of vision than the petrolatum-based

ointment applications, leading to greater tolerance of the treatment and

potentially, to better compliance. A further non-randomized clinical

study examined the potential efficacy of GCV for treating patients with

herpetic keratitis.52 Complete resolution of herpetic keratitis was noted

in all patients. The six patients on prophylactic GCV did not develop

recurrence of herpetic keratitis, including three patients who had

undergone penetrating keratoplasty.52 The lack of clinical controls or

masking notwithstanding, this study demonstrates the potential value of

GCV in the treatment and prophylaxis of HSV herpetic keratitis, including

in those patients that have undergone corneal grafts.

Ganciclovir in Clinical Use for Viral 
Keratitis Treatment
The commercial availability of GCV 0.15% gel across Europe, Asia, Africa,

and South America has led to a considerable number of patients with

herpes infections being treated by physicians. The proportion of cases

where the investigator judged the tolerance to the product as excellent
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Figure 2: Trifluridine and Ganciclovir Mechanism of Action 
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was significantly higher in the GCV group (78.7%) compared with the ACV

group (43.94%) treated for dendritic ulcers. Similarly, patients reported

that the overall tolerance with GCV was more frequently considered

excellent (75.36%) compared with ACV (42.42%).8 This may result in a

greater level of compliance amongst patients. 

There is discussion amongst physicians that GCV 0.15% gel could be

suitable for eyelid application/nasal ulcerations. However, in the US, this

recommendation is not included in the package insert, and is therefore

described as off-label, non-FDA approved use. However, since GCV gel

is approved for ocular use it is likely to be safe for use on eyelids or for

nasal ulcerations. The use of GCV for this indication has not yet been

clinically tested and the FDA does not give approval unless there are

clinical trial data in support of a treatment. Currently there are no clinical

studies which address whether 0.15% GCV gel can be used for the

prophylactic management of corneal ulcerations. However, the Herpetic

Eye Disease study (HEDS) to investigate the effect of oral acyclovir

therapy for recurrences of HSV epithelial keratitis and stromal keratitis

Anterior Segment  Herpetic Keratitis
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Table 1: Key Studies Supporting the Use of Ganciclovir in Herpes Simplex Keratitis

Study Type Number of Patients Treatments—GCV Efficacy Findings Safety Findings
and Centers and Comparator

Phase II parallel group, 67 pts ≥12 years of age Pts treated with 0.15% GCV For GCV 0.15%, GCV 0.05%, GCV 0.15 and 0.05% were well

randomized, comparative, with HSK at four centers gel (n=23), 0.05% GCV (n=22), and ACV 3%, healing rates tolerated—stinging and burning

multicenter study in Africa Dendritic (51) or 3% ACV (n=22) five times were 82.6, 77.3, and 72.7%. sensations were less common

or geographic (16) daily until ulcer healed then Investigator assessments of than ACV 3% (p=0.10). Rates of

epithelial keratitis three times daily for one week efficacy as very satisfactory toxic superficial punctate

(on day 14)—71.43, 66.67, keratitis were similar in all 

and 52.63% (ns). three groups (ns)8,29

Conjunctival samples showed 

an identical rate of viral 

elimination in GCV 0.15% and 

ACV 3%, but GCV 0.05% was 

less effective

Phase II parallel group 37 pts ≥18 years with HSK Pts treated with 0.15% GCV For GCV 0.15% and ACV 3%, For GCV 0.15% and ACV 3%

randomized, comparative, at four centers in France. (n=19) or ACV 3% (n=18) five respectively, healing rates groups 38.5 and 76.9% of

multicenter study Dendritic (36) or geographic times daily until ulcer healed were 83.3 and 70.6% (ns). pts experienced blurred vision

(one) epithelial keratitis then three times daily for Withdrawals due to worsening for >5 minutes. For GCV 0.15%

one week ulcer or complications were 100% of investigators and 100%

11.1 and 41.2% (p=0.06). of pts rated general tolerance as

Median time of healing was six ‘excellent’. For ACV 3% these

days for GCV 0.15% and seven were 75 and 67%8,29

days for ACV 3% (p=0.056)

Phase II parallel group, 109 pts ≥5 years with HSK at Pts treated with 0.15% GCV For GCV 0.15%, GCV 0.05%, Tolerability was acceptable for

randomized, comparative, one center in Pakistan. gel (n=36), 0.05% GCV (n=35), and ACV 3%, respectively, all three groups. The incidence

single center study Dendritic or geographic or 3% ACV (n=38) five times healing rates were 86.1, of superficial punctate keratitis

epithelial keratitis daily for 10 days 80, and 71.1% (ns). cases appearing or exacerbated

Withdrawals due to by treatment was similar for all

complications were 5.6, three groups. No hematological

11.4, and 21.05% (p=0.02) effects observed8

Stromal damage in withdrawals 

occurred in 50, 50, and 

62.5% of pts 

Phase III parallel group 164 pts at 28 centers in Pts treated with 0.15% GCV Dendritic ulcers (n=137) and At Day 14, fewer subjects in the

randomized, comparative, Europe. Dendritic (138) or (n=84), or ACV 3% (n=80), five geographic ulcers (n=27) GCV 0.15% group reported a

multicenter study or geographic (26) times daily until ulcer healed were reported separately. In stinging or burning sensation

epithelial keratitis then three times daily for dendritic ulcers treated with than in the ACV 3% group

one week GCV 0.15% and ACV 3%, (p=0.03). The rate of punctate

respectively, healing rates keratitis was lower in the GCV

were 88.7 and 91% (ns). 0.15% group. The proportions

Both groups showed similar of pts (p=0.0002) and

rates of withdrawals (ns) investigators (p=0.00006) 

rating the tolerance to the

product as excellent were

significantly greater for the GCV

0.15% group than the ACV 

3% group8,22

ACV = acyclovir; GCV = ganciclovir; HSK = herpes simplex keratitis; Pts = patients; ns = non significant.
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found that the overall near 50% lower risk of any type of recurrence in

the systemic acyclovir group was also generally observed in subgroups

of patients based on other baseline factors, such as time since last

episode of ocular HSV, age, history of non-ocular disease, and prior

ocular HSV history.53 Whether a similar effect with topical use of GCV

would be achieved has not been studied and further clinical data are

required.53 Reactivation of HSV and recurrence of herpetic keratitis in

patients that have received a corneal transplant may lead to corneal

graft rejection and blindness. Therefore, long-term prophylaxis with

topical GCV 0.15% gel might help to prevent recurrence of the disease

and subsequent graft rejection. The use of GCV as a prophylactic agent

appears to be a good therapeutic strategy, however dosing and

frequency still remain to be determined.22,30,52

Ganciclovir in the Treatment of Other 
Ocular Infections
GCV 0.15% gel has been shown to have therapeutic potential in the

treatment of a number of other ocular infections. Several in vitro and in

vivo studies have examined the use of GCV in the treatment of adenoviral

keratoconjunctivitis. GCV was observed to reduce the incidence and

duration of viral infection compared to placebo treatment. In a study 

of the 50% effective dose (ED50) for known adenoviral serotypes and 

one adenoviral clinical isolate, the resulting ED50s ranged from 4.5 to

33μM.54,55 Two small clinical trials have also demonstrated the efficacy 

of GCV 0.15% in treating adenoviral keratoconjunctivitis. GCV treatment

resulted in quicker recovery time and fewer subepithelial opacities

compared to placebo. In the open-label uncontrolled study, ocular

discomfort was relieved in one week and no patients developed

keratitis.56,57 Adenoviral infections, commonly causing patient morbidity

and chronic visual disturbances associated with adenovirus

keratoconjunctivitis, have been controlled and treated with GCV 

0.15% gel.39,54,58–61 There are in vitro studies that demonstrate GCV is a

powerful inhibitor of Varicella Zoster virus (VZV) replication.40 GCV either

in combination or alone has been used to treat progressive outer retinal

necrosis due to VZV, however there are no published studies on the use

of GCV in the treatment of keratitis due to VZV. GCV (Vitrasert) has also

been used to beneficially treat sight-threatening cytomegalovirus (CMV)

retinitis in immunocompromised and HIV patients.62,63 Further off-label

indications include the management of acute retinal necrosis.64–66

Future Developments in Ganciclovir for 
Keratitis Treatment
Topical GCV 0.15% gel has been shown to be as effective as ACV in the

treatment of active HSK.8 Recurrent herpetic keratitis can result in

extensive damage to the cornea and blindness, and recurrence in a

corneal graft can result in graft rejection or failure. Prophylaxis with topical

GCV may reduce the incidence of graft rejection or damage following

recurrence of the disease. A recent prospective study examined the use of

topical GCV 0.15% for prophylactic treatment of herpetic keratitis.

Complete resolution in the patients was noted and none of the patients

developed a recurrence of the herpetic keratitis during the follow-up

period.52 However, the utility of GCV as a prophylactic agent remains to be

determined, with doses and frequency still unclear. Furthermore, the

intraocular penetration of GCV into the aqueous humor makes it a potential

candidate for the treatment and prevention of herpetic keratouveitis, HSV,

and CMV anterior uveitis.2 As such, further prospective, randomized,

controlled multicenter clinical trials are required in the future to asses the

long-term safety and efficacy of topical GCV application.

The development of more effective antiviral treatments has significantly

improved the prognosis for patients with HSK. Trifluridine has been the

only approved and marketed treatment in the US. However, there are

concerns regarding its non-specific action and toxic side effects. The

recent approval by the FDA for the 0.15% GCV gel in the clinical use 

for treatment of HSK will provide patients and physicians with a more

tolerable, convenient, and effective treatment. n
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Figure 3: Recovery at Day 14 in Four Studies 
Comparing Ganciclovir with Acyclovir for the 
Treatment of Herpes Simplex Keratitis

0
Study 1 (n=67) Study 2 (n=37)

Study

Ra
te

 o
f h

ea
lin

g 
at

 d
ay

 1
4 

(%
)

GCV 0.15% GCV 0.05% AVC 3%

Study 3 (n=109) Study 4 (n=164)

10

20

30

40

50

60

70

80

90

100
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Figure 4: Proportion of Patients Withdrawing from
Treatment Due to Worsening Condition or Complications
in Four Studies Comparing Ganciclovir with Acyclovir for
the Treatment of Herpes Simplex Keratitis
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