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PURPOSE: To study the changes in corneal nerves and corneal sensitivity over a 6-month period in patients with herpes zoster
ophthalmicus (HZO) compared with healthy subjects.
METHODS: This was a prospective longitudinal study on patients with newly diagnosed HZO. In vivo confocal microscopy (IVCM)
corneal nerve parameters and corneal sensitivity were measured and compared between eyes with HZO, contralateral eyes and
controls at baseline, 2 and 6 months.
RESULTS: Fifteen subjects with HZO and 15 healthy age and sex matched controls were recruited. HZO eyes revealed a reduction in
corneal nerve branch density (CNBD) from baseline to 2 months (9.65 ± 5.75 vs. 5.90 ± 6.87/mm2, p= 0.018), and decreased corneal
nerve fibre density (CNFD) at 2 months when compared with control (p= 0.025). However, these differences resolved by 6 months.
HZO fellow eyes demonstrated increased corneal nerve fibre area (CNFA), corneal nerve fibre width (CNFW) and corneal nerve fractal
dimension (CNFrD) at 2 months compared with baseline (p= 0.025, 0.031, 0.009). There was no change in corneal sensitivity for both
HZO affected and HZO fellow eyes from baseline or over time, nor was it different from sensitivity in controls.
CONCLUSION: Corneal denervation was present at 2 months in HZO eyes, with an observed recovery by 6 months. HZO fellow eyes
demonstrated increased corneal nerve parameters at 2 months, which could represent a proliferative response to nerve degeneration.
IVCM is useful in monitoring corneal nerve changes, and is more sensitive in detecting nerve alterations than esthesiometry.
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INTRODUCTION
Herpes zoster (HZ) is a relatively common condition leading to
significant morbidity and mortality, with an incidence of 4–4.5 per
1000 person-years [1]. Despite the availability of vaccines, the age-
specific incidence of HZ is still rising, along with its disease burden
[2]. Among the elderly population, HZ carries a mortality rate of 61
per 100,000 in those aged 65 or above [3]. HZ is caused by the
reactivation of the varicella zoster virus (VZV) from its dormant
state. Following a primary infection (chickenpox), the VZV virus
remains latent in the dorsal ganglion. When viral reactivation
involves the ophthalmic division of the trigeminal nerve, the
condition is termed herpes zoster ophthalmicus (HZO), accounting
for 10–20% of all HZ cases [4].
HZO classically presents with a unilateral painful skin rash along

the dermatomal distribution of the first and/or second branch of
the trigeminal nerve, with or without ocular involvement. The
cornea, which is the most densely innervated tissue in our body, is
susceptible to a spectrum of manifestations at every layer. These
include epithelial keratitis, stromal keratitis, endotheliitis, and
neurotrophic keratopathy. The trigeminal nerve contributes to
blinking and tearing mechanisms, and releases neuromediators
and growth factors to aid healing of the cornea. Any insult to the
ophthalmic branch of the trigeminal nerve may lead to denerva-
tion of the cornea, a loss of protective mechanisms and trophic
support, resulting in the development of neurotrophic keratitis [5].

In recent years, the use of in vivo confocal microscopy (IVCM)
has gained a bigger role in the diagnosis and monitoring of
corneal diseases [6–8], but the number of IVCM studies in this
relatively common condition of HZO were limited to case reports
or small series [9–12]. Significant alterations of corneal nerves
were detected in a patient at 2 years after onset of HZO, including
scarce non-branching subbasal nerves and even absence of
subbasal nerves in the affected eye [9]. Contralateral eyes of HZO
also demonstrated a loss of corneal nerves to a lesser degree [10].
The dendritiform cell densities of both eyes were shown to
increase in unilateral HZO stroma at 57 months, suggesting that
the immune activation and inflammatory process could persist
long after the active stages of the disease [11].
The trigeminal nerve, being one of the twelve cranial nerves,

belongs to the peripheral nervous system, and therefore carries
regenerative potentials. When injured, Wallerian degeneration of
the distal portion initiates a cascade of neurotransmitters that
allows the proximal nerve end to regenerate and rewire into the
distal portion [13]. There has only been one study demonstrating
corneal nerve regeneration in HZO. Cruzat et al. studied two
patients with HZO over time, and demonstrated nerve regeneration
by IVCM and partial recovery of corneal sensation in one patient 5
years after the initial episode of HZO [12]. In post-LASIK eyes, various
studies have reported the occurrence of nerve regeneration ranging
from 54 days to 6 months after LASIK [14–16].
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Studies on early corneal nerve changes following HZO are
lacking. This information may impact the follow up and
monitoring for neurotrophic keratitis in HZO patients. To date,
there has been no longitudinal study on the course of corneal
nerve alteration in HZO patients. We aim to study the morphology
of the corneal nerves in the acute stage, and subsequent
intermediate terms following HZO in both the affected and
contralateral eyes, using healthy subjects as control. We will
attempt to identify clinical features that are associated with such
changes in the corneal nerves.

METHODS
We conducted a prospective longitudinal study comparing patients with a
clinical diagnosis of HZO to healthy controls. Three groups of eyes were
compared—affected eyes of HZO (Group A), fellow eyes of HZO (Group B),
and normal eyes from healthy subjects (Group C). The study adhered to
the tenets of the Declaration of Helsinki and was approved by the joint
Chinese University of Hong Kong—New Territories East Cluster Clinical
Research Ethics Committee (2020.394). All subjects were recruited from the
Prince of Wales Hospital ophthalmology clinic, and written informed
consent was obtained before participation.

Inclusion and exclusion criteria
Patients with unilateral HZO who had an onset of symptoms within
2 weeks were recruited. The diagnosis was made based on clinical
presentation of a characteristic maculopapular or vesicular rash and pain in
the ophthalmic branch of the trigeminal nerve. Age and sex matched
participants were then recruited in a 1:1 ratio during their follow up,
provided that the below inclusion and exclusion criteria were met.
Immunocompromised patients, patients with poorly controlled dia-

betes mellitus (HbA1c > 6.5%), and those with a history of previous HZO in
either eye, corneal dystrophy, keratouveitis, infectious keratitis, ocular
trauma, regular contact lens wear, significant ocular surface disease
(including severe dry eyes) and intracranial surgery or central nervous
system abnormalities affecting the function of trigeminal ganglia were
excluded. Patients with multi-dermatomal involvement were not
recruited. Subjects with any prior intraocular or keratorefractive surgeries
were also excluded.

Sample size calculation
The sample size was calculated based on Hamrah’s study which identified
a difference of 1662 µm in mean corneal nerve density between eyes with
HZO and healthy controls at 5.1 years from disease onset [10]. We
hypothesised a smaller reduction in corneal nerve density at 2 and
6 months from disease onset. Based on an 80% study power and an alpha
value of 0.05, 12 subjects per arm was required in order to detect a
1000 μm difference in corneal nerve densities between HZO eyes and
healthy controls. In order to factor in a buffer of 20% dropout rate, we
targeted to recruit 15 participants per arm.

Study outcomes
The primary outcome of this study was the subbasal corneal nerve fibre
density CNFD (number of fibres per mm2) at 0, 2 and 6 months measured
by IVCM. Secondary outcomes included corneal nerve branch density
(CNBD), corneal nerve fibre length (CNFL), corneal nerve fibre total branch
density (CTBD), corneal nerve fibre area (CNFA), corneal nerve fibre width
(CNFW), and corneal nerve fibre fractal dimension (CNFrD) and corneal
sensitivity measured by Cochet-Bonnet esthesiometer at baseline, 2 and
6 months.

Study procedure
All subjects were recruited and examined by the principal investigator
[M.E.]. Demographic data were collected from patients. A complete ocular
examination including pinhole visual acuity (VA), slit lamp biomicroscopy
and dilated fundal examination was performed.
For the HZO group, the presence of Hutchinson’s sign (vesicles affecting

the tip of the nose) at presentation and any ocular involvement were
documented, including blepharitis (defined as lid swelling and hyper-
aemia), conjunctivitis (defined as diffuse conjunctival injection, graded 0–4
based on CCLRU grading scale), scleritis (defined as scleral injection,

graded 0–4 based on standardised grading system [17]), episcleritis
(defined as episcleral injection, graded 0–4), epithelial keratitis (punctate
epithelial keratitis/pseudo-dendrite), stromal keratitis (nummular keratitis/
deep stromal keratitis), endotheliitis, uveitis (graded 0–4 based on SUN
classification [18]), retinitis (acute retinal necrosis/progressive outer retinal
necrosis) and papillitis. Apart from examinations at baseline, 2 months and
6 months, patients were followed up according to their clinical progress,
and managed based on their clinical presentation. All HZO patients were
given a 7–10 day course of oral antiviral at presentation, with further
continuation in patients with unresolved scleritis and uveitis. Topical
antiviral ointment was added to patients with epithelial keratitis,
episcleritis and scleritis. Topical steroid was prescribed to patients with
episcleritis, scleritis, anterior uveitis, stromal keratitis and endotheliitis.
Medications were tapered according to clinical response (i.e. resolution of
keratitis, improvement in conjunctival/episcleral/scleral injection, reduction
in anterior chamber activity). At each study visit, IVCM was performed and
the corneal sensitivities were measured for both eyes.
For the control group, only one eye was selected for examination.

When both eyes of a control fulfil the recruitment criteria, one eye was
randomly chosen (www.randomizer.org). IVCM was performed in the
same manner, and the corneal sensitivity was measured. As the rate of
age-related corneal nerve reduction in the normal population is slow
(0.2088 mm/mm2 per year) [19], it was assumed that neither corneal
nerve parameters nor corneal sensitivity would show significant change
at 6 months; hence these measurements were not repeated in the
control group.

In vivo confocal microscopy. IVCM (Heidelberg Retina Tomograph III
Rostock Cornea Module) was performed on both eyes after measure-
ment of the corneal sensation. One drop of topical tetracaine
hydrochloride 0.5% was instilled into each eye. A speculum was inserted
only if there was significant eyelid swelling preventing adequate contact
between the camera and the cornea. A sterile, single-use disposable cap
(TomoCap) was used for each subject, after applying GenTeal Gel
(hypromellose 0.3%) into the cap as a coupling agent. The subbasal
nerve plexus was imaged using a method validated by Takhar et al. [20].
A 5 × 5 dot grid system was placed in front of the fellow eye of the
subject. Subjects were asked to fixate on the target red dot on the
system, while the operator identified the central whorl of the subbasal
nerve plexus. Once the central whorl was identified, subjects were
instructed to look along the dots on the grid, from left to right, row by
row, as one image was captured at each dot. A total of at least 25 images
were acquired per eye.
Images of the subbasal corneal nerve plexus were then analysed with

ACCMetrics, which is a validated fully automated corneal nerve analysis
software [21]. Seven parameters were generated: (1) corneal nerve fibre
density (CNFD)—number of fibres per mm2, (2) corneal nerve branch
density (CNBD)—number of branch points on the main fibres per mm2,
(3) corneal nerve fibre length (CNFL)—total length of nerves in mm per
mm2, (4) corneal nerve fibre total branch density (CTBD)—total number
of branch points per mm2, (5) corneal nerve fibre area (CNFA)—total
nerve fibre area mm2 per mm2, (6) corneal nerve fibre width (CNFW)—
average nerve fibre width mm per mm2, and (7) corneal nerve fibre
fractal dimension (CFracDim)—a measure of corneal nerve complexity.
The mean values of all 25 images per eye were used for data analysis.

Corneal sensitivity. Corneal sensitivity of the central cornea was measured
using Cochet-Bonnet esthesiometer. A thin nylon monofilament was
extended to its full length of 60mm. It was then retracted in 5 mm
increments until the patient could feel its touch on the cornea. Two
repeated measurements reaching the same value were obtained.

Data analysis
The SPSS statistical software was used for data analysis. Age and corneal
sensitivity were reported by mean and standard deviation. Baseline VA was
reported by median and interquartile range. The gender distribution and
laterality of eyes were reported by proportions. The number and
percentage of patients of each clinical manifestation of HZO were
presented. Normality is checked with Shipiro–Wilk test and non-
parametric tests were used for data not following a normal distribution.
Mann–Whitney U test was used to compare IVCM parameters and corneal
sensitivity between the three groups. Repeated measures analysis of
variance (ANOVA) was used to examine across different time points. A p
value of ≤0.05 was considered statistically significant.
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RESULTS
Demographics
Fifteen HZO patients were recruited (9 males and 6 females, mean
age: 57.7 ± 16.1 years old). Three of them defaulted follow up after
the first visit as they were asymptomatic and declined to further
return during the COVID-19 pandemic. All the remaining 12
patients completed the three visits of the study. Fifteen normal
controls were recruited (8 males and 7 females, mean age:
58.3 ± 17.3 years old). There was no difference in laterality of eyes
between the HZO group and control (p= 0.715). Both groups
were homogenous and no statistical differences were present for
age and gender (p= 0.775, 0.713). One patient in the HZO group
had diabetes mellitus with a HbA1c level of 6.3%. For the control
group, five subjects had diabetes mellitus but none had a HbA1c
exceeding 6.5%. Demographic data were summarised in Table 1.

Clinical characteristics
The mean presenting visual acuity of the affected eyes of the HZO
group was 0.18 ± 0.25 logMAR. The visual acuity at 2 months and
6 months remained unchanged at 0.15 ± 0.34 logMAR and
0.15 ± 0.31 logMAR, respectively (p= 0.424 and 0.304). Blepharitis
(46.7%) and conjunctivitis (33.3%) were the most frequent findings
noted with HZO. None of the patients developed stromal keratitis,
endotheliitis, or posterior segment involvement. The mean
duration of topical steroids was 20.3 ± 39.6 days. The mean
durations of topical and oral antivirals were 17.1 ± 17.1 days and
14.3 ± 40.2 days. None of the patients had clinical recurrence of
disease within the 6-month study period.

HZO eyes showed reduction in CNBD at 2 months which
returned to baseline at 6 months
The IVCM parameters were summarised in Table 2. In HZO
affected eyes, there was a decrease in CNBD from baseline
(9.65 ± 5.75/mm2) to 2 months (5.90 ± 6.87/mm2) (p= 0.018). This
reduction was no longer present at 6 months (p= 0.564). Other
IVCM parameters of HZO eyes did not show significant interval
change during the 6 months.

HZO eyes had lower CNBD and CNFD at 2 months compared
to normal eyes
In comparison to healthy eyes, significantly lower CNBD and the
CNFD values were identified at 2 months. These differences were
resolved by 6 months (p= 0.126, 0.103).
We analysed a subgroup of patients with Hutchinson’s sign

(n= 4) or epithelial keratitis (n= 4), of which two patients had
both signs (Fig. 1). When compared with controls, these eyes
showed significant reduction not only in CNBD and CNFD at

2 months (p= 0.002, and <0.001), but also in CNFL and CTBD at
2 months (p= 0.025, and 0.042), and CNFD at 6 months
(p= 0.033).

Fellow eyes of HZO showed significant increase in CNFA,
CNFW and CNFrD at 2 months
The reductions in CNBD and CNFD seen in HZO affected eyes were
not observed in the fellow eyes. In contrast, there were significant
increases in CNFA, CNFW, and CNFrD at 2 months compared to
baseline (p= 0.025, 0.031, 0.009). The CNFW of fellow eyes at
2 months was also higher than that of the control group
(p= 0.046). Similar to the changes in HZO-affected eyes, these
differences were no longer present at 6 months in the fellow eyes.
IVCM images of both eyes of an HZO patient together with images
of an age and sex matched control are shown in Fig. 2.

Corneal sensitivity
The corneal sensitivities are presented in Table 3. There was no
significant difference observed between HZO affected eyes or
HZO fellow eyes, and control at all time points. There was also no
longitudinal change across time amongst the HZO patients
(p= 0.339–1.000).

DISCUSSION
This is the first longitudinal study examining the acute, early and
intermediate corneal nerve changes following HZO. This study
identified that HZO eyes had significant reduction in CNBD at
2 months compared with baseline and control, and also a
reduction in CNFD at 2 months compared with a normal eye. In
addition, a subgroup of HZO eyes with either a positive
Hutchinson’s sign or epithelial keratitis showed additional and
significant reductions in CNFL and CTBD at 2 months, and CNFD at
6 months. In contrast, fellow eyes of HZO had an increase in CNFA,
CNFW, and CNFrD from baseline to 2 months. No detectable
change was observed in corneal sensitivities in any group.

Corneal denervation in HZO eyes
HZO affected eyes had a transient but significant reduction in
CNBD and CNFD at 2 months, which later recovered by 6 months.
This shows that the process of corneal denervation occurs within
the first 2 months in HZO. The mechanism of corneal nerve
degeneration in HZO has been postulated to be related to neuro-
immune cross-talk as evidenced by a negative correlation
between dendritiform cell density and size to corneal nerve
parameters [11]. Herpes simplex virus and varicella zoster virus
share similarities in disease mechanism and clinical presentation;

Table 1. Demographics of HZO subjects and control.

HZO affected eyes (n= 15) HZO fellow eyes (n= 15) Control p value

Age (years old) 57.7 ± 16.1 58.3 ± 17.3 0.775

Gender (male) 60.0% 53.3% 0.713

Laterality (right) 53.3% N/A 46.7% 0.715

Baseline VA (logMAR) 0.176 (median)
0.301 (interquartile range)

N/A N/A N/A

Clinical features Blepharitis (n= 7) 46.7%
Conjunctivitis (n= 5) 33.3%
Hutchinson’s sign (n= 4) 26.7%
Epithelial keratitis (n= 4) 26.7%
Anterior uveitis (n= 4) 26.7%
Episcleritis (n= 3) 20.0%
Scleritis (n= 1) 6.7%

N/A N/A N/A

Baseline corneal sensitivity (mm) 56.3 ± 8.3 58.0 ± 3.7 58.5 ± 2.4 1.000

HZO herpes zoster ophthalmicus, VA visual acuity, N/A not applicable.
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IVCM studies in herpes simplex keratitis showed reduced corneal
nerve parameters as early as days after disease onset [22],
supporting our observation that nerve injury occurs early on in
immune-mediated corneal nerve injury. Giannaccare et al. ana-
lysed the same seven IVCM parameters in ten fellow eyes of
neurotrophic keratitis, and found reduced CNBD and CNFD while
other parameters remained similar to control [23]. CNBD and
CNFD are thus the two most sensitive parameters in detecting
corneal denervation. Hamrah et al. has previously reported that
patients with HZO showed significant reduction in total nerve
length, total number of nerves, main nerve trunks, branching and
corneal sensitivity [10]. However, the time since HZO onset was
significantly longer in that study (at 5.1 ± 6.4 years), whereas our
study focused on the first 6 months since onset. It is possible that
corneal denervation continues to progress after 6 months.
Furthermore, they only recruited HZO patients with corneal
involvement, while our study included HZO with all manifestations
and only 26.7% had corneal involvement.
In view of a possible link between corneal involvement and

nerve changes, we conducted a subgroup analysis on HZO eyes
with either Hutchinson’s sign or epithelial keratitis, which showed
a reduction of additional IVCM parameters up to 6 months. The
presence of Hutchinson’s sign implies the involvement of the
nasociliary branch of the trigeminal nerve, and has been shown to
be a risk factor of ocular inflammation and neurotrophic keratitis
[24]. The nasociliary nerve provides sensory innervation for the
cornea; hence its involvement may lead to a greater likelihood of
denervation of the corneal subbasal plexus. Corneal sensory
nerves interact closely with the corneal epithelium in order to
maintain ocular surface homoeostasis and promote epithelial
wound healing [25]; and a disruption to homoeostasis would lead
to the development of neurotrophic keratitis [5]. It is possible that
the presence of Hutchinson’s sign or epithelial keratitis could
predict the development of corneal denervation. A retrospective
review of HZO patients found that age, white ethnicity, BCVA at

presentation, uveitis and disease recurrences were factors
associated with neurotrophic keratitis [26]. Hutchinson’s sign
was not included in their study. Corneal involvement at
presentation was associated with neurotrophic keratitis on
univariate but became insignificant after adjusting for age, sex,
ethnicity, immunosuppression, diabetes, VA, intraocular pressure,
uveitis, and recurrence; the authors attributed this to many
patients developing corneal involvement only after initial
presentation.

Corneal nerve regeneration in HZO eyes
In our study, the 2-month reduction in CNBD and CNFD in HZO
eyes recovered by 6 months, suggesting that corneal nerve
regeneration could occur as early as 6 months after the initial
insult. The reinnervation process is induced by nerve damage, via
upregulation of neurotrophins, immune regulatory factors, and
nerve guidance factors such as SEMA 7A, which in turn leads to
nerve growth and differentiation [27, 28]. Animal studies have
shown that migrating Schwann cells, which play an important role
in nerve regeneration, were observed 4 days after nerve injury,
implying that the process of nerve regeneration begins soon after
nerve damage occurs [29]. Corneal nerve regeneration after HZO
has been scarcely reported. Cruzat et al. reported one case of
corneal nerve regeneration and partial recovery of corneal
sensation (from 0 to 25mm) at 5 years after the onset of HZO
[12]. Several studies have been conducted looking at skin biopsies
of cutaneous zoster. Zografakis et al. has shown that there was an
increase in subepidermal nerve fibre density in the affected
dermatomes at 3 months post-zoster infection [30]. However,
another study conducted by Petersen in a group of 57 zoster
patients showed no recovery in cutaneous innervation by
6 months [31]. A longitudinal study on herpetic simplex virus
keratitis eyes showed decreased corneal sensitivity and IVCM
corneal nerve parameters at baseline (mean 50 days from onset of
herpetic eye disease), followed by an increase 6 months later but
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not reaching parameters of contralateral eyes [27]. This also
supports our observation of corneal nerve regeneration within
6 months of nerve damage.

Corneal nerve response in HZO fellow eyes
This is the first study that showed an early increase in corneal
nerve parameters in fellow eyes of HZO. Hamrah et al. reported a
significant reduction of corneal nerve in fellow eyes of HZO at 5
years, whilst the corneal sensitivity remained unaffected [10]. Skin
biopsies in unilateral shingles has also shown damage to
contralateral epidermal nerves [32]. This contralateral involvement
is postulated to be mediated by the central nervous system, with
primary afferent inputs projecting bilaterally via the spinal cord or
brain circuits. There is also evidence that peripheral trigeminal
nerve fibres directly project to bilateral areas of brainstem nuclei
and the caudal medulla by crossing the pontine tegmentum [33].
Hence, unilateral nerve damage results in bilateral neuronal
changes. However, this contralateral nerve damage was not
observed in the first 6 months of HZO in our study. In contrast, we

hypothesise that the increase in fellow eyes’ CNFA, CNFW, and
CNFrD at 2 months could represent a compensatory or reparative
process triggered by nerve growth factors in response to the
damage in HZO eyes. The process of nerve fibre regeneration not
only exhibits elongation of fibres, but also the widening of existing
corneal nerves. CNFA, which is the total corneal nerve fibre area
calculated from the total length and the nerve fibre width, was
found to be a more sensitive measure to detect small changes in
corneal nerve plexus [34]. Culver et al. also showed correlation
between changes in CNFA with biomarker and functional indices
after cibinetide (neurotrophic drug) administration, concluding
that CNFA is a measure to assess disease modifying therapies for
neuropathy [35].

Corneal sensitivity in HZO affected and fellow eyes
Despite the changes in IVCM parameters in both HZO affected and
fellow eyes, the corneal sensitivities remained unchanged. The
correlation between corneal nerve alteration and corneal sensi-
tivity has been shown in previous studies [36, 37]. Benitez-Del-

Fig. 2 IVCM images of both eyes of an HZO patient and an age and sex matched control. HZO affected eye at baseline (1a), 2 months (1b)
and 6 months (1c), HZO fellow eye at baseline (2a), 2 months (2b), and 6 months (2c), control (3). There is reduction in corneal nerve fibres
(shown in red) and branching (shown in blue) from baseline (1a) to 2 months (1b) in the HZO affected eye, with partial recovery by 6 months
(1c). This change is not apparent in the fellow eye (2a–c). The control eye shows normal nerve density and branching (3). IVCM in vivo confocal
microscopy, HZO herpes zoster ophthalmicus.
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Castillo et al. showed a positive correlation between subbasal
nerve density and mechanical, chemical, and thermal corneal
sensitivities using a noncontact esthesiometer [36]. Zhivov et al.
showed that impairment in subbasal nerve plexus structures was
associated with reduced corneal sensitivity in a diabetic popula-
tion [37]. Previous studies have shown that IVCM nerve
parameters change is a more sensitive indicator of corneal
denervation compared with corneal sensitivity [22], and hence
the use of IVCM may be able to pick up early corneal nerve
damage. In our study, we showed that milder degrees of corneal
denervation may not be detectable by clinical examination alone.
Therefore, IVCM is a more sensitive tool that plays a role in
monitoring corneal nerve changes in these patients.
In this study, we have shown that HZO leads to early corneal

denervation, especially in patients with Hutchinson’s sign and
epithelial keratitis. Albeit no significant reduction in corneal
sensitivity was detected clinically, we believe these patients
should be monitored for neurotrophic keratitis particularly
within the first few months of disease, preferably with the use
of IVCM.
Despite the small sample size, our study carries a few merits.

This is the first prospective longitudinal study that demonstrated
significant corneal nerve changes in both eyes of HZO, by
comparing with eyes in healthy age and sex matched controls.
This is also the first IVCM study that evaluated the characteristics
of corneal nerves during the acute, early to intermediate stages
following HZO. Notwithstanding that IVCM is dependent on the
experience of the operator, potential bias arising from inter-
operator differences was mitigated by using one single operator
and adopting a standardised and validated approach.
Limitations of this study include attrition bias as we encoun-

tered dropouts during the COVID-19 pandemic; as all subjects
recovered soon after the acute illness, and none experienced a
recurrence among those who completed the study, it was
understandable that a few subjects would not return for follow
up visits after obtaining initial treatment. Nonetheless, the small
sample size limited the use of multi-variable regression analysis,
hence we were not able to adjust for potential confounding effect
of age and sex in corneal nerve parameters. Furthermore, the
effect of age and sex in the association between HZO and corneal
nerve changes could not be studied when both factors were
matched in the recruitment of controls. Lastly, our study relies on
the assumption that healthy eyes remain stable in corneal nerve
characteristics and hence we only requested a single exam for
controls. We believe this would be a better alternative to exposing
these healthy subjects to increased risks as they attend to
subsequent study visits during the pandemic. Finally, a study of
larger scale and longer duration may give more information on
nerve parameters other than density which was the primary
outcome of the study. Together, this information will hopefully
shed light on the timing of nerve degeneration and regeneration,

as well as ascertain whether and when the fellow eye would
display signs of corneal nerve impairment following HZO.
In summary, this study identified early corneal denervation in

HZO eyes, together with corneal nerve proliferative response in
fellow eyes. These changes were apparent on IVCM despite the
absence of clinically detectable changes in corneal sensitivity. This
illustrates the usefulness of IVCM in the understanding of the
underlying pathophysiology behind not only HZO but also other
forms of neurotrophic keratopathy. As an optical biopsy, IVCM
provides a sensitive, objective and quantifiable method to monitor
serial changes in corneal nerves. Our study has recognised
potential corneal nerve parameters as a basis for future clinical
studies on corneal nerve regeneration with nerve growth factor or
other therapeutic modalities.

SUMMARY

What was known before

● Herpes zoster ophthalmicus leads to corneal denervation in
both the affected eye and the fellow eye.

● Corneal nerve regeneration after herpes zoster ophthalmicus
has been demonstrated.

What this study adds

● This is the first longitudinal in vivo confocal microscopy study
analysing the early to intermediate changes in corneal nerve
following herpes zoster ophthalmicus.

● This study identified corneal nerve degeneration in affected
eyes at 2 months, which later recovered by 6 months.

● Corneal nerve proliferative response in fellow eyes was
demonstrated at 2 months.

DATA AVAILABILITY
All data generated during this study are included in this published article and its
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