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Background: Corneal crosslinking is widely applied to enhance corneal biomechanical properties and delay the progression of
keratoconus. The surgical procedure and application of ultraviolet A irradiation (UVA) during corneal crosslinking have been
recognized to induce the reactivation of simplex herpes virus (HSV) but are rarely reported and poorly analyzed.

Case Presentation: We report the first case series of herpetic keratitis in 4 keratoconus patients undertaking corneal crosslinking, who
were all clinically diagnosed at routine follow-up visits 3 days to 1 month after the surgery. Different from the typical new onset of secondary
herpetic keratitis that mainly presents with epithelial lesions and severe eye pain, these patients all presented with stromal infiltrates and were
generally asymptomatic except for vision blurring in 2 patients. All patients responded well to antiviral therapy, topical steroids, and
epithelial nourishment medication, leaving corneal macula or nebula at the last follow-up visit.

Conclusion: Close follow-up is essential and the most effective way to diagnose herpetic keratitis after corneal crosslinking due to the
lack of subjective symptoms. The prophylactic use of antiviral therapy on asymptomatic patients is controversial and should be
evaluated based on long-term prognosis.
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Introduction
Corneal crosslinking has become a standard procedure to halt the progression of corneal thinning and bulging in keratoconus
patients, which has been introduced in the recent decade. The application of corneal crosslinking is found to reduce the
demand for corneal transplantation by 25% and prevent surgical complications and long-term reliance on immunosuppressive
therapy of keratoplasty.' Currently, many different techniques of corneal crosslinking have been explored and introduced, but
generally, they all apply a photo-reactive dye called riboflavin, which forms covalent crosslinks by interacting with carbonyl
groups of corneal stromal collagens under ultraviolet A (UVA) exposure for several minutes.” To enhance the penetration of
riboflavin across the cornea, the corneal epithelium is conventionally scrapped prior to the procedure. However, novel
modified techniques such as transepithelial corneal crosslinking and accelerated corneal crosslinking can avoid the removal
of the corneal epithelium.® The procedure results in the strengthening of corneal collagen and its biomechanical property.*
The ocular surface is naturally inhabited by a microbiota system in healthy people.” However, simplex herpes virus
(HSV) —1 as a pathogenic virus primarily responsible for herpetic keratitis was found to be extremely prevalent in adults
and over 90% of individuals over 40 years old were seropositive.” The virus may reside in trigeminal nerve ganglions
after primary infection for years before leading to secondary infection under suitable conditions, which is usually
symptomatic and even destructive.” In clinics, previous episodes of herpetic keratitis can be clinically diagnosed based
on patients’ typical symptoms and signs. Serum test for anti-HSV antibodies can also provide useful information on past
or present infections. Recently, novel molecular test methods including shotgun sequencing and metagenomics next-
generation sequencing can provide both taxonomic information and higher sensitivity.* ' However, due to the high
prevalence of latent infection and the possibility of reactivation of the residing virus, negative results in diagnostic tests
before surgery cannot rule out the onset of herpetic keratitis after surgery, which is challenging for corneal surgeons.
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Reactivation of HSV after corneal crosslinking has been reported sporadically, which is considered a rare complica-
tion of the procedure.''™'* Since the introduction of corneal crosslinking surgery in June 2021 at our center, 4 cases of
herpetic keratitis in keratoconus patients with no history of herpetic eye diseases have been diagnosed out of approxi-
mately 300 patients undertaking corneal crosslinking surgery, who had no typical symptoms of eye pain or even no
subjective symptom of vision blurring due to low initial vision of keratoconus, who may easily get ignored if not
followed properly.

We herein discuss the unmet clinical challenge of patient identification and management after corneal crosslinking
and emphasize the need for prophylactic antiviral therapy in patients at risk.

Case Series

A total of 4 young patients (2 females and 2 males) undertaking corneal crosslinking surgery for the treatment of
keratoconus at the ophthalmology department of West China Hospital from February to July 2022 were clinically
diagnosed with new onset of herpetic keratitis after surgery. The age of patients ranged from 14 to 31 years old. Except
for patient 3 who received subsequent corneal crosslinking surgeries on 2 eyes with a gap time of 1 week, other patients
underwent surgeries only on the eye with more advanced keratoconus. The basic information, clinical history, and eye
examination results before surgery are summarized in Table 1. All patients denied any history of previous herpetic eye
diseases, ocular trauma, previous eye surgery, or other ocular or systemic diseases. All Patients presented with Vogt line,
Fleischer ring, and Munson sign on slit lamp examination, which were typical signs of keratoconus. No signs of stromal
scarring or clouding indicating past episodes of viral keratitis were observed. Preoperative serum antibody tests were
positive for the anti-herpes simplex virus (HSV) /Il IgG, but negative for anti-HSV I/II IgM in patients 1, 2, and 4 (not
available for patient 3). Tear secretion, tear breakup time, and corneal fluorescein staining were tested to rule out the
comorbidity of dry eye disease, which all turned negative in these patients.

All crosslinking surgeries were conducted in the same environmental setting in a sterile operation room by the same
surgeon following a consistent protocol. Patients were informed about surgical benefits and risks and signed written
consents before surgery. Briefly, the surgical eye was anesthetized with topical proparacaine eye drops and manually held
open with an eye speculum. Thirty percent ethanol solution was then applied to the central 9mm area for 20 seconds of
the corneal surface and the corresponding corneal epithelium was debrided by a spatula. Riboflavin sodium phosphate
solution (1%) was applied to the corneal surface for 10 minutes before crosslinking. Ultraviolet A irradiation (UVA) at
the wavelength of 370+5 um was applied to the central deepithelized area for 4 minutes at a power of 30 mW/cm?, with
a total energy dose of 7.2 J. For patients 1 and 3 who had a thin cornea, a stromal lenticule extracted from patients
undertaking small incisional lenticule extraction surgery (SMILL) was applied to the corneal surface and increased the
overall corneal thickness before the application of riboflavin. After surgery, a corneal bandage contact lens was applied to
the surgical eyes for 3~5 days. Topical antibiotics or steroids were prescribed as needed. The detailed surgical parameters
and post-operational management of each patient are summarized in Table 2.

The 4 patients were clinically diagnosed with herpetic keratitis 3 days to 1 month after surgery based on their typical
presentations of corneal stromal infiltrates with/without epithelial involvement and response to anti-viral therapy
(Figure 1). Two of them (patient 1 and patient 2) had subjective symptoms of reduced visual acuity and the other 2
patients were asymptomatic at onset, who were all diagnosed at the routine follow-up visits. All 4 patients denied eye
pain, photophobia, or foreign body sensation during the whole disease course. Full-dose topical ganciclovir and systemic
acyclovir were given for at least 1 month until full remission of active keratitis. Topical steroids (prednisone,
dexamethasone, or fluorometholone) were applied to relieve corneal stromal edema and reduce scarring and were tapered
until full remission. In addition, deproteinized calf serum was used 4 times daily to promote reepithelization. All 4
patients responded well to the therapy and the corneal lesions turned under control after treatment. Except for patient 3
who had a sustained disease course of over 2 months, the other 3 patients recovered within 2 weeks. Nevertheless, all
patients had stromal involvement and presented with corneal stromal nebula or macular at the last follow-up visit
(Figure 2). The detailed clinical summary of these 4 patients are available in Table 3.
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Table | Patients’ Demographic and Clinical Information at the Initial Evaluation Before Corneal Crosslinking Surgery

Items Patient | Patient 2 Patient 3 Patient 4
Gender Male Female Male Female
Age 29 27 14 16
History of keratoconus Il years for both eyes 5 months for both eyes | year for both eyes | year for both eyes
diagnosis
Signs of keratoconus on slit | Vogt line, Fleischer ring, and Vogt line, Fleischer ring, and Vogt line, Fleischer ring, and Vogt line, Fleischer ring, and
lamp Munson sign on both eyes Munson sign on both eyes Munson sign on both eyes Munson sign on both eyes
History of RGP use Yes No No No
BCVA OD 0.4 oD 1.0 oD 1.0 OD 0.8
0s 0.9 Os 0.8 0Ss 0.2 OS 0.4
Manifest optometry OD: -9.00 SD/ —6.00 CD*45° | OD: 0.00 SD/ —8.00 CD*180° | OD: 0.00 SD/ —2.00 CD*180° | OD: —4.00 SD/ —0.75 CD*10°
OS: -5.00 SD/ 0.00 CD OS: —0.50 SD/ —12.00 OS: —4.00 SD/ —2.00 CD* 90° | OS: —6.00 SD/ —3.00 CD*165°
CD*180°
Intraocular pressure OD 88 OD 15.2 OD 13.5 OD I0.1
(mmHg) oS 123 oS 139 os 1.0 0§ 9.2
Central Corneal Thickness OD 401 OD 503 OD 429 OD 460
(um) OS 484 OS 475 OS 395 OS 433
Corneal topography (OD) K1 51.6 K1 43.2 K1 44.5 K1 45.6
K2 60.2 K2 49.9 K2 49.6 K2 46.5
Kmax 66.2 Kmax 53.1 Kmax 55.9 Kmax 51.8
Corneal topography (OS) K1 43.6 K1 46.2 K1 48.9 Kl 49.3
K2 482 K2 57.6 K2 54.9 K2 52.0
Kmax 52.1 Kmax 67.3 Kmax 64.6 Kmax 58.3
Corneal endothelium OD 2984 OD 3101 OD 3169 OD 3113
density (cells/mm?) OS 2946 OS 2766 OsS 2897 OS 3157
Schirmer’s test (mm) Ou >15 OD >I5 oD 13 Oou >15
oS >12 os 8
Tear breakup time (s) Oou >10 Ou >10 Ou >10 OouU >10
Corneal fluorescein staining | OU 0 ou o0 oD | ou 0
score Oos o0
Serum anti-viral antibody
tests
Anti-HSV /Il IgM Negative Negative N.A. Negative
Anti-HSV I/l 1gG Positive Negative N.A. Positive
Anti-CMV /Il IgM Negative Negative N.A. Negative
Anti-CMV /1l 1gG Positive Positive N.A. Positive
History of previous Ocular No No No No
herpetic diseases
History of systemic diseases | No No No No
History of eye trauma or No No No No
surgery
Surgical eye (s) oD [eN Both [oN

Abbreviations: OD, right eye; OS, left eye; OU, both eyes; SD, spherical diopter; CD, cylindrical diopter; HSV, herpes simplex virus; BCVA, best corrected visual acuity;
RGP, right gas-permeable lens; N.A,, not available.

Discussion

Corneal crosslinking has been demonstrated to be an efficient therapy to enhance the corneal biomechanical strength and

slow down the progression of keratoconus.'> However, corneal crosslinking surgery may be a potential trigger for the

reactivation of the herpes simplex virus (HSV), which can lead to vision-threatening complications if not properly

treated. In this study, we presented 4 cases of newly-onset herpetic keratitis on young keratoconus patients following

corneal crosslinking surgery in a single eye center, who all denied any previous episodes of herpetic eye diseases. As

reviewed in the literature, several cases of herpetic keratitis after corneal crosslinking had been reported, which is

regarded as a very rare complication of corneal crosslinking surgery.'' ' However, our study as the first case series
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Table 2 Summary of Surgical Details and Post-Operational Management

Items Patient | Patient 2 Patient 3 Patient 4
Surgical eyes oD (ON ou (6N
Radius of deepithelized 9mm 9mm 9 mm 9 mm
area
Power of UVA 30 mW/cm? 30 mW/cm? 30 mW/cm? 30 mW/em?
UVA application time 4 min 4 min 4 min 4 min
Total energy 72) 72] 72 72
Special operation With a 50 um No With a 50 um No
Lenticule on the corneal Lenticule on the corneal
surface surface
Post-operational drugs Topical levofloxacin and Topical levofloxacin and Topical levofloxacin and Topical levofloxacin and
fluorometholone fluorometholone fluorometholone fluorometholone

Abbreviations: OD, right eye; OS, left eye; OU, both eyes; UVA, ultraviolet A.

warns of the potentially higher incidence of HSV reactivation (4 cases out of 300 patients receiving corneal crosslinking
surgeries during the period) that indicates higher attention on its prophylaxis and diagnosis. Currently, no consensus on
the prevention and surveillance of herpetic keratitis after corneal crosslinking is available, which needs further study and
discussion.

HSV belongs to the human herpes virus family. HSV type 1 is mainly associated with ocular and oral lesions, which is
ubiquitous and leads to lifelong latency after primary infection. Epidemiological studies indicate that approximately 80% of
adults are seropositive for HSV type 1 antibody.'® HSV primarily invades humans by close contact through tiny oral or ocular
surface lesions, which usually occurs early in life and is generally asymptomatic. After the initial infection, HSV moves to
dorsal root ganglions through sensory nerve endings and establishes lifelong latency.” During the latency, intermittent
shedding of virus DNA into tears and saliva has been noted.'” The secondary infection of HSV, which can present with
either corneal epithelial, stromal, or endothelial involvement, tends to be relapsing and may cause permanent vision
impairment due to stromal scarring or endothelial dysfunction in patients who respond poorly to antiviral therapy.’” As the
2nd leading cause of blindness in the developed world, herpetic keratitis was estimated to cause newly acquired vision
impairment in 230,000 people worldwide in 2016."® Previous studies have found several risk factors which may induce the
reactivation of ocular HSV in humans and animal models, including eye surgery, ultraviolet exposure, latanoprost, topical

Figure | Initial slit lamp examination of the involved eyes. (A) patient | presented with multiple punctate infiltrations in the stromal of the pericentral corneal and moderate
conjunctival injection 3 days after surgery; (B) patient 2 presented with corneal stromal edema and opacity | week after surgery; (C) patient 3 presented with corneal
opacity and stromal edema | month after surgery; (D) patient 4 presented with multiple punctate infiltrations in the stromal of the pericentral corneal 3 days after surgery.
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Figure 2 Slit lamp examination of the involved eyes at the last follow-up visit. (A) patient |, | week after treatment; (B) patient 2, 2 weeks after treatment; (C) patient 3, 2
months after treatment; (D) patient 4, | week after treatment.

steroids, and immunocompetent state. Therefore, patients with a history of herpetic eye diseases should be carefully evaluated
before any eye surgeries, including corneal crosslinking. Patients with recent episodes of active herpetic keratitis are
contraindicated for corneal crosslinking to prevent reactivation. However, due to the high prevalence of latent infection,
patients denying a history of herpetic eye disease are also subject to viral reactivation, which tends to be a major challenge for
clinical management. In addition, secondary herpetic keratitis can also be asymptomatic as the neurotrophic HSV is also the
leading cause of neurotrophic keratitis, which adds difficulty to prompt diagnosis.'® In our case series, patients 1 and 2 got
aware of the abnormal condition after noticing decreased vision after surgery. However, as patients with advanced keratoconus
generally has a low visual acuity, the vision impairment associated with herpetic keratitis can be easily ignored, which can lead
to advanced damage before diagnosis. Fortunately, all patients were promptly diagnosed and managed in the routine follow-up
visits, leaving no permanent visual impairment. Above all, the challenge to recognize patients at risk of HSV reactivation and
diagnose patients promptly indicates the need to closely follow up with the patients after corneal crosslinking as scheduled to
prevent missing any cases.

Table 3 Summary of Clinical Manifestations of Patients Diagnosed with Herpetic Keratitis After Corneal Crosslinking (CXL)

Items Patient | Patient 2 Patient 3 Patient 4
Onset time 3 days after CXL | week after CXL I month after CXL 3 days after CXL
Chief symptoms Vision blurring Vision blurring None None

Clinical signs at initial visit

Treatment

Follow up and prognosis

Clinical signs at last visit

Multiple punctate infiltrations in the

stromal of pericentral region

Topical ganciclovir (QID) and oral
acyclovir (200mg, QID)

Topical tobramycin and
dexamethasone (QID) for 3 days,
replaced by fluorometholone (QID)
Topical deproteinized calf serum

(QID)

| weeks, under control

Corneal nebula

Corneal opacity and
stromal edema located at
pericentral corneal
Topical ganciclovir (QID)
and oral acyclovir
(200mg, QID)

Topical prednisolone
(QID)

Topical deproteinized calf
serum (QID)

2 weeks, under control

Corneal nebula

Corneal opacity and
stromal edema

Topical ganciclovir
(QID) and oral
acyclovir (200mg,
QID)

Topical prednisolone
(QID)

Topical deproteinized
calf serum (QID)

2 months, much
better but still had
stromal edema

Corneal macula

Multiple punctate
stromal infiltrations in
the central cornea
Topical ganciclovir
(QID) and oral
acyclovir (200mg,
QID)

Topical prednisolone
(QID)

Topical deproteinized
calf serum (QID)

| week, almost cured

Corneal nebula

Abbreviations: CXL, corneal crosslinking; QID, four times daily; BID, two times daily.
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HSV detection methods have been continuously explored to aid the prompt diagnosis of herpetic keratitis in clinics.
Although herpetic keratitis can be basically diagnosed by its typical signs and symptoms, it can also be hard to
differentiate from other common postoperative complications of corneal surgery in the beginning. Detection of HSV-1
in corneal scrapping or swabbing samples provides direct evidence of infection. Generally, the presence of virus at the
lesion site can be detected by microscopy imaging, agglutination assay, Western blot assay, and different methods of
polymerase chain reaction (PCR).*® In addition, systemic detection of viral antibodies can also assist diagnosis, which
can employ different techniques including hemagglutination assay, Western blot assay, enzyme-linked immunosorbent
assay (ELISA), fluorescence immunoassay, multiplexed flow immunoassay, and luciferase immunoprecipitation assay.*’
Novel detection methods aimed to improve the sensitivity and provide more useful information including the taxonomic
and functional profiles. Recently, metagenomics next-generation sequencing and shotgun sequencing have become
emerging techniques that aid fast detection of HSV-1 at the lesion site.® '°

To reduce the risk of HSV reactivation, some authors have proposed the application of prophylactic antiviral therapy
during the perioperative period of ocular surgeries such as laser corneal refractive surgery, keratoplasty, and corneal
crosslinking. However, no consensus on the appropriate candidates, drug regimen, or time frame for antiviral therapy has
been reached. Sound evidence of the efficacy of prophylactic antiviral therapy to prevent viral reactivation in patients with
previous episodes of herpetic keratitis has been established.?' In addition, compared to topical acyclovir, systemic acyclovir
therapy more efficiently reduced the recurrence of herpetic keratitis following penetrating keratoplasty and increased the
survival rate of the corneal graft.?* For patients undergoing corneal refractive surgery who had previous episodes of herpetic
keratitis, oral acyclovir 400 mg twice daily or valacyclovir 500mg daily during the perioperative period has been suggested
to prevent the new onset of viral infection.?*** But for patients with no history of herpetic keratitis, the prophylactic use of
antiviral therapy is controversial. Chronic use of systemic acyclovir is associated with a higher incidence of adverse effects,
including vomiting, nausea, and impairment of liver function, and the benefits and risks should be balanced.? In addition,
long-term use of prophylactic acyclovir leads to the selection of resistant viral isolates from the cornea and increases the
difficulties of drug management of future recurrence.”® In our cases, patients all responded well to the initial anti-viral
therapy and the infection generally subsided within several weeks. However, due to the short follow-up time, whether
corneal crosslinking can lead to recurrent episodes of herpetic keratitis in these patients in the future remains unknown.
Future studies may focus on the long-term prognosis of patients with newly-onset herpetic keratitis after surgery and
provide evidence on the use of prophylactic antiviral therapy on these patients.

As far as we know, our study is the first case series of herpetic keratitis after corneal crosslinking surgery. Reactivation of
HSV after corneal surgery is not that rare and needs close attention during the post-operational period. However, our study also
has several limitations. First of all, due to the limited laboratory detection methods available, all cases of herpetic keratitis were
diagnosed based on typical clinical signs and symptoms, which were also supported by patients’ responses to anti-viral
therapy. Lack of confirmation tests by laboratory methods may not provide definite evidence of viral infection. Second, all
patients were followed up for only several weeks or months and their long-term prognosis needs to be explored in the future
due to the relapsing feature of herpetic keratitis.

Above all, our case series suggest that corneal crosslinking is a trigger for the reactivation of HSV, even in patients
with no previous episodes of herpetic eye diseases. Close follow-up is essential and the most effective way to diagnose
herpetic keratitis due to the lack of subjective symptoms. The prophylactic use of antiviral therapy on asymptomatic
patients is controversial and should be evaluated based on long-term prognosis.
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