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Selective Changes in Human Corneal Sensation
Associated with Herpes Simplex Virus Keratitis

Juana Gallar," Timo M. T. Tervo,> Waldir Neira,”> Juba M. Holopainen,®
Maria E. Lamberg,” Fernando Mifiana," M. Carmen Acosta," and Carlos Belmonte'

Purposk. To determine corneal sensitivity to selective mechan-
ical, chemical, and thermal (heat and cold) stimulation in
patients with a history of herpes simplex virus (HSV) keratitis.

MEerHODS. Corneal sensitivity to different modalities of stimulus
was determined in both eyes of 16 patients with unilateral HSV
keratitis diagnosed 1 to 12 months before the study. On slit
lamp examination, 13 HSV-affected eyes showed corneal scar-
ring or opacities, and three had no signs of previous keratitis.
Corneal sensitivity was determined with the Belmonte gas
esthesiometer. Mechanical, chemical, heat, and cold stimuli
were applied on the central cornea. Eyes from 10 healthy
subjects served as controls.

Resurrs. In all control and contralateral eyes, selective mechan-
ical, chemical, heat, and cold stimulation evoked sensations of
subjective intensity proportional to the magnitude of the ap-
plied stimulus. In one HSV patient, the affected cornea was
unresponsive to all types of stimuli, four lost only corneal
sensitivity to mechanical stimulation, and three lost only sen-
sitivity to heat. Mechanical (P < 0.005) and heat (P < 0.05)
thresholds were raised in HSV eyes, whereas thresholds for
CO, were not modified. Also, HSV subjects identified poorly
the intensity of mechanical, chemical, and heat stimuli,
whereas sensitivity to cold stimulation was unaffected.

ConcLusions. In eyes that had had HSV keratitis, corneal sensi-
tivity to mechanical forces and heat was significantly impaired,
suggesting that axonal damage and/or altered expression of
membrane ion channels involved in transduction and mem-
brane excitability affects primarily the mechano- and poly-
modal nociceptor terminals. Corneal cold-sensitive terminals
remain largely unaffected. (Invest Opbthalmol Vis Sci. 2010;
51:4516-4522) DOI:110.1167/i0vs.10-5225

orneal infection by herpes simplex virus (HSV) is a com-
mon condition that usually develops as an acute or
chronic corneal inflammation." The disease is most often due
to reactivation of a latent infection of trigeminal sensory neu-
rons innervating the cornea and possibly also of corneal epi-
thelial cells by the neurotropic HSV (HSV1, HSV2, or both).*?
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As a result, the patient develops an epithelial keratitis. This
condition is in many cases recurrent, mainly after HSV-1 infec-
tion,* and is somehow associated with an inadequate local
immune response modulated by hormonal status, the presence
of exogenous stimuli, use of immunosuppressant drugs or
exposure to certain HSV strains.>>~7 HSV infection often af-
fects also the corneal stroma, inducing a herpes stromal kera-
titis (HSK). Occasionally, HSV reaches the corneal endothe-
lium, causing endothelial cell loss and permanent corneal
swelling. Recurrent episodes may eventually lead to corneal
scarring, opacities, and irregular astigmatism.”

Herpes simplex infection is a common cause of corneal
sensory loss,® although less severe than in keratitis caused by
reactivation of varicella-zoster virus.® The decrease in corneal
sensitivity to mechanical stimulation in HSV keratitis patients is
proportional to the number of recurrent episodes.® In addition,
some patients with active HSV Keratitis report sensations of
spontaneous pain, discomfort, and dryness. These symptoms
are more prominent in patients with stromal inflammation.®
Corneal hypoesthesia in HSV keratitis is associated with a
slightly reduced number of corneal subepithelial nerves.'®

Sensations evoked at the ocular surface result from the
activation of several functional classes of primary sensory neu-
rons located in the trigeminal ganglion (TG), the peripheral
axons of which innervate the anterior segment of the eye.''™'?
Polymodal nociceptors, the most abundant receptor type in
the cornea, respond to noxious or near-noxious mechanical
and thermal stimuli, to exogenous irritants, and to inflamma-
tory agents, predominantly mediating burning pain. Mech-
anonociceptors are activated only by noxious mechanical
forces and possibly elicit mainly pricking pain, whereas cold
thermoreceptors respond to small temperature reductions of
the corneal surface and evoke cooling and perhaps dryness
sensations referred to the eye.'* !¢

Unpleasant and painful ocular sensations arising in HSV
keratitis patients may be due to an altered neural activity in
infected TG corneal sensory neurons.'” However, there is no
information about the functional subtypes of TG corneal neu-
rons involved in corneal sensitivity disturbances. Mechanical,
chemical, heat, and cold stimulation of the cornea with the
Belmonte esthesiometer'® has been used to selectively activate
the various functional populations of TG corneal sensory neu-
rons.'® ! In the present work, corneal gas esthesiometry was
performed in patients with a history of HSV Keratitis, with the
purpose of identifying which types of corneal sensory neurons
contribute to their sensory deficits and altered ocular sensa-
tions. Preliminary results have been reported in (Gallar J, et al.
I0VS 2002;43:ARVO E-Abstract 2559).

METHODS

Patients

Sixteen patients (nine women and seven men; age 40.4 * 3.7 years,
range 16 -66) with a history of unilateral HSV keratitis during the year
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before the study (the inclusion criterion) participated voluntarily in the
study. Exclusion criteria were a previous history of ocular infection
(other than unilateral HSV keratitis) or chronic ocular inflammation,
contact lens wearing, glaucoma, current use of ocular treatments, and
previous intraocular surgery. This same group of patients had partici-
pated in a previous study.'® One to 12 months before the study, all the
patients presented with corneal disease that had been diagnosed as
HSV keratitis. Two patients also had a history of herpes on their lips.
From the time of the diagnosis (1-12 months, average 4.8 * 0.8
months) 5 of 16 patients presented one to two episodes of recurrent
keratitis in the affected eye, while the contralateral eyes did not show
clinical signs of HSV infection in any of the patients. Patient examina-
tion included in all cases biomicroscopy, confocal microscopy, and
corneal esthesiometry.

Differences due to age and sex were avoided by recruiting a group
of 10 sex and age-matched subjects (6 women and 4 men; age 41.4 =
4.5 years, range 18-65) without a history of ocular disease to serve as
a control group. All subjects signed their informed consent to a pro-
tocol approved by the University’s Ethical Review Committee and
were free to withdraw from the study at any time. The protocol
adhered to the tenets of the Declaration of Helsinki and the legal
European Union regulations.

In Vivo Confocal Microscopy

The central cornea and the corneal quadrant involved in HSV keratitis
were examined using a tandem scanning confocal microscope (TSCM,
model 165A; Tandem Scanning Corp., Reston, VA), as described pre-
viously.'® Images were detected with a low-lightlevel video camera
(VE-1000 Sit System; Dage-MTI Inc., Michigan City, IN), recorded, and
digitalized for off-line analysis by using custom software (University of
Texas Southwestern Medical Center at Dallas). The morphology of
subbasal nerves visualized at the central corneal and in areas adjacent
to fibrotic regions was analyzed.

Corneal Esthesiometry

The original model of the Belmonte gas esthesiometer that was used in
previous studies'®~'? was used to apply to the corneal surface 3-second
gas jets separated by 2-minute pauses. Mechanical stimulation con-
sisted in a series of eight pulses of air at variable flow (0-300 mL/min)
heated up to reach the cornea at around 35°C, to prevent corneal
temperature changes during the pulse. For chemical stimulation, five
pulses of a warmed mixture of air and CO, at increasing concentrations
(0%-80% CO,, in 20% steps) were applied. Thermal (heat and cold)
stimulation was applied via six pulses of air at different temperatures
(—10° to +80°C at the tip of the probe, that induced a temperature
change at the corneal surface ranging between —4.7°C and +3.8°C
around the basal corneal temperature of 34 -35°C). For selective chem-
ical and thermal stimulation, flow rates adjusted below the mechanical
threshold previously determined for each subject, were used. Pulses of
different magnitude were applied randomly. Stimulation was per-
formed in the center of the cornea and sequentially to each eye, except
for two subjects in whom only the HSV eye was explored. The proto-
col was completed in a single session.

The esthesiometer was placed on a slit lamp table and the tip of the
stimulating probe was placed perpendicular to the center of the cornea
at a distance of 5 mm of the ocular surface, measured with a transpar-
ent ruler. The area affected by gas jets becomes larger with the
distance. When applied at 5 mm from the corneal surface, the stimuli
affected approximately 60% of the total corneal surface, but remained
restricted to the cornea and did not extend to the limbus,'® thus
avoiding excitation of limbal, low-threshold mechanoreceptors and
ensuring that the receptive fields of most corneal sensory receptors,
sometimes covering a full quadrant of the cornea, are stimulated. In the
HSV eye of one subject, the probe was also directed to the temporal
conjunctiva, 5 mm away from the limbus. Immediately after each gas
pulse, the subject scored in separate, continuous horizontal visual
analog scales (VASs) the intensity of the sensation experienced as well
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as other sensation parameters: degree of irritation, stinging and burn-
ing pain, and warming and cooling components of the sensation.
Perceptual thresholds for mechanical, chemical, heat, and cold stimu-
lation were determined with the method of the minimum stimulus,
which considers the threshold stimulus to be the lowest stimulus
intensity that evoked a response =0.5 VAS units.'? !

Data are expressed as the mean * SEM. The relationship between
VAS scores and the intensity of the applied stimuli was analyzed with
linear regression. Sensitivity thresholds obtained in HSV and contralat-
eral eyes and in the eyes of healthy patients of the control group were
compared by using the appropriate statistical tests, as indicated in the
Results Section.

RESULTS

Biomicroscopy

At the time of the esthesiometry, slit lamp examination re-
vealed that the epithelium was intact in all HSV corneas, three
corneas had no observable signs of the previous keratitis, and
13 corneas showed stromal scarring and were separated into
groups with faint, small stromal scars (7 = 6), small stromal
scars (n = 4), medium size stromal scars (7 = 2), and large
stromal scars (z = 1). All contralateral and control corneas
appeared normal.

Confocal Microscopy

No superficial epithelial abnormalities were found in HSV cor-
neas but, in 11 of them, dendritic structures were observed in
the basal epithelial layer, in the vicinity of stromal fibrosis
areas. Rapid proliferation of dendritic cells has been demon-
strated.”? With confocal examination, subbasal nerves ap-
peared to be completely absent in two HSV patients, less
numerous than normal in three subjects, and normal in 11 HSV
eyes, as previously reported by our group.'® The subbasal
nerve plexus was normal in all contralateral corneas.

Corneal Esthesiometry: Incidence of
Sensitivity Changes

Mechanical, chemical, heat, and cold stimuli were applied to
the corneas of both eyes of HSV patients (16 HSV and 14
contralateral eyes) and in both eyes of the group of age-
matched healthy subjects (control eyes, ten subjects). No dif-
ferences in the incidence of responses to selective stimulation
of the cornea were found between control and contralateral
eyes, which in all cases showed a positive response to mechan-
ical, chemical, heat, and cold stimulation, except for one con-
tralateral eye that did not respond to heat stimulation (Table 1).

Responses of corneas affected by HSV to mechanical, thermal,
and chemical stimulation were variably impaired. One of 16 cor-

TaBLE 1. Proportion of Eyes Showing Sensitivity to Selective
Stimulation of the Cornea with the Gas Esthesiometer

Contralateral
HSV Eyes Eyes Control Eyes
Positive Response to (n = 16) n = 14) n = 10
Mechanical stimulation 10 (63)* 14 (100) 10 (100)
Chemical stimulation 15 (949) 14 (100) 10 (100)
Heat stimulation 12 (75) 13 (92) 10 (100)
Cold stimulation 15 (949) 14 (100) 10 (100)

The number of eyes with positive response to each type of
stimulus is shown. Percentage of positive responses in relation to the
total number of explored eyes (1) is shown in parentheses. The
proportion of eyes sensitive to mechanical stimuli was significantly
lower in HSV eyes than in contralateral and control eyes.

* P < 0.05, z-test.
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TABLE 2. Sensation Threshold for Mechanical, Chemical, Heat and Cold Stimulation of the Cornea with
the Gas Esthesiometer

Stimulus Applied HSV Eyes Contralateral Eyes Control Eyes
Mechanical (air flow, mL/min)* 235 + 21t 191 £ 26 121 = 21
Chemical (% of CO, in air) 24 *+ 2 305 22+ 4
Heat (temperature change, °C)f +2.2 £ 0.2t +2.3 £0.1§ +1.1 £0.3
Cold (temperature change, °C) —-26*02 -29+03 —-20*+04

Values of the minimum stimulus that evoked a sensation rated with =0.5 VAS units were averaged
(mean * SEM; n = 16, 14, 10).

*P = 0.005, + P < 0.001. One way ANOVA on ranks, showed a significant difference between the
three different experimental groups.

1§ P < 0.05. Dunn’s test was subsequently used to determine which groups were significantly

different from control group.

neas was insensitive to all types of stimuli, in contrast to the
conjunctiva of the same eye where detection of all stimuli was
normal. Mechanical sensitivity was absent in the affected eye of
five other HSV patients, although they still responded to the other
stimulus modalities. Finally, in three HSV eyes, only the sensation
evoked by heat stimuli was absent. No significant correlation was
found between the severity of stromal scarring (graded for statis-
tical purposes from 0, absence of scarring, to 4, large stromal scar)
and the absence of corneal sensitivity to any selective stimulus.
Clinical observations indicate, however, that, in very severe cases
after multiple HSV episodes, the scarred eyes are often clinically less
sensitive, but such eyes were not included in this study.

Sensation Thresholds

Table 2 and Figure 1 present the thresholds for responses to
mechanical, thermal, and chemical stimulation, determined in
the HSV and contralateral eyes, as well as in the eyes of control
subjects. Analysis of variance showed significant differences in
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mechanical threshold (P = 0.005, Kruskal-Wallis test) that
were significantly higher in the HSV than in the control eyes
(P < 0.05, Dunn’s method) and also slightly higher than in the
contralateral eyes, although the difference did not reach the
level of significance (Table 2, Fig. 1A). The mechanical thresh-
olds determined in the contralateral and control eyes were not
statistically different.

Values of sensory threshold for heat stimulation were also
significantly different (P < 0.001, Kruskal-Wallis test), being
higher in HSV and contralateral eyes than in the eyes of the
control subjects (P < 0.05, Dunn’s method; Table 2; Fig. 1C).
No significant differences were found in sensory threshold for
chemical and cold stimulation between HSV, contralateral, and
control eyes (Table 2; Figs. 1B, 1D).

As expected from results in previous studies,*” thresholds
increased significantly with age in the control subjects (Pear-
son correlation coefficients and P = 0.733 and 0.016, 0.238
and 0.108, 0.487 and 0.154, and 0.701 and 0.024, for mechani-
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cal, chemical, heat, and cold stimulation, respectively; Fig. 2). In
contrast, no significant correlation with age was found in the
HSV eyes (Pearson correlation coefficients and P = 0.0445 and
0.897, 0.174 and 0.535, —0.476 and 0.117, and 0.313 and
0.256, for mechanical, chemical, heat, and cold stimulation,
respectively), in which the higher mechanical and thermal
thresholds (Table 2) appeared to be independent of the pa-
tient’s age (Fig. 2). In the contralateral eyes, sensitivity thresh-
olds were also independent of the age of the patient (Pearson
correlation coefficients and P = 0.314 and 0.297, 0.358 and
0.208, —0.466 and 0.126, and 0.235 and 0.418, for mechanical,
chemical, heat, and cold stimulation, respectively).

Mechanical Stimulation

A positive, significant correlation was found between the in-
tensity of the applied stimuli and the reported VAS scores of
intensity and irritation in the HSV, contralateral, and control
eyes (data not shown). VAS scores for the intensity of mechan-
ical stimuli were significantly lower in the HSV than in the
control eyes (P = 0.024, Bonferroni #-test; Fig. 3A).

Sensations evoked by mechanical stimuli were defined by
all subjects as irritating, always with a predominantly stinging
component. VAS scores for burning, cooling, and warming
components of the sensation were lower than for stinging.
Low VAS scores were also assigned to the sensations evoked by
mechanical stimulation of HSV eyes (Fig. 4A). In the contralat-
eral eyes, mechanical stimulation evoked sensations rated with
VAS scores higher than those from the HSV eyes and lower
than the values obtained in control eyes (Fig. 3A).

Chemical Stimulation

As shown in Figure 3B, the intensity of the sensation evoked in
HSV eyes was independent of the concentration of CO, in the
stimulating gas (Pearson correlation coefficient = 0.675, P =
0.211), whereas VAS scores were proportional to stimulus
intensity in control subjects (correlation coefficient = 0.984,
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P = 0.002) and in contralateral eyes (Fig. 3B; correlation
coefficient = 0.918, P = 0.028). In all subjects, chemical
stimuli evoked irritation with a predominantly stinging compo-
nent (Fig. 4B).
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Heat Stimulation

VAS scores for the intensity of the sensation evoked by jets of
air heated over basal corneal temperature were similar in
control and contralateral eyes and slightly lower in the HSV
eyes (Fig. 3C), increasing with the stimulus intensity. Heat
thermal stimulation also evoked a sensation of warming pro-
portional to the stimulus intensity (Fig. 4C).

Cold Stimulation

VAS scores for intensity of the sensation evoked by cold stim-
ulation were proportional to the stimulus amplitude in all
groups (Pearson correlation coefficients = —0.980, —0.995,
and —0.975, P = 0.02, 0.005, and 0.03, for control, HSV, and
contralateral eyes, respectively; Fig. 3D). Average VAS scores of
the six parameters of the sensation evoked by cold air were
similar in the HSV (Fig. 4D), contralateral, and control eyes. In
the HSV eyes, cold stimulation was slightly irritating and
evoked a cooling sensation proportional to the stimulus inten-
sity (correlation coefficient = —0.957, P = 0.04; Fig. 4D).

DISCUSSION

The present work shows that patients who had had one or
several episodes of HSV corneal infection experienced a reduc-
tion in corneal sensitivity of variable magnitude. Perceptual
characteristics of corneal sensation were also disturbed to a
variable degree, suggesting that a different level of impairment
occurs in the functionally heterogeneous population of sen-
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sory neurons innervating the cornea after an HSV corneal
infection.

During the first several days after corneal inoculation, HSV
replicates in corneal epithelial cells and is then cleared by the
host immune 1'f:sp0nse.2’24 Over this period, HSV enters nerve
terminals and is transported retrogradely to the neuronal cell
bodies, where it undergoes acute replication. Nonspecific and
specific immune effector cells infiltrate along the trigeminal
nerve and form foci around individual infected neurons. Al-
though viral replication is not detectable and most infiltrating
cells are cleared by 1 month after corneal inoculation, low
levels of immune effector cells remain in ganglia harboring
latent HSV.?>~27 During the latency period, genes in sensory
neurons encoding proteins involved in neurotransmission,
voltage-gated ion channels, neuropeptides, and axonal elonga-
tion and remodeling, change their expression pattern.”®*° Af-
ter reactivation, herpes viruses spread within sensory neurons
and transfer across junctions formed between nerve terminals
and corneal epithelium cells.>*° It has been suggested that
small quantities of viral antigens from the HSV-infected epithe-
lial cells spill into the stroma and promote HSK. The long delay
between virus spread in the epithelium and development of
HSK may reflect the time necessary to overcome control mech-
anisms that dampen host immunity in the stroma.

Patients included in our study were all in the latent period,
and one third of them had experienced reactivation episodes.
At the time of esthesiometry, many of the corneas exhibited
dendritic structures at the level of the basal epithelial cells and
areas of stromal fibrosis but no overt signs of active inflamma-
tion. Thus, the low corneal sensitivity observed in most of the
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patients could be the consequence of a decrease in the number
of sensory axons innervating the cornea and/or of a permanent
impairment of the transducing capacities of corneal sensory
terminals.

Localization of sensitivity loss after HSV keratitis varies from
patient to patient. In a classic study, Norn® reported that
hypoesthesia could be restricted to the central cornea (12% of
patients), to the periphery (14%), or to one half of the cornea
(22%), although in a majority of subjects (52%), mechanical
sensitivity was uniformly impaired or normal.® In the present
study, the tip of the esthesiometer was directed to the center
of the cornea. However, air puffs applied with this gas esthe-
siometer and measured by corneal thermography reached up
to 60% of the corneal surface.'® Besides, receptive fields (RFs)
of polymodal neurons often cover more than one fourth of the
corneal surface and extend several millimeters into the adja-
cent limbus and conjunctiva; average RF of mechanonocicep-
tive neurons are smaller and cover ~10% of the corneal sur-
face; finally, RFs of corneal cold thermosensitive neurons are
dotlike and small and more abundant in the peripheral than in
the central cornea.>’ Considering the size, location, and over-
lapping of the RFs of sensory neurons innervating the cornea
and the size of the area stimulated by the gas pulses, it can be
assumed that most if not all corneal sensory receptors were
stimulated by the applied stimuli. Thus, sensory deficits found
in the present work are safely attributable to a decrease in the
number of sensory nerves or to an alteration of their function.

In some of the HSV patients, nerve fiber density at the
corneal subbasal nerve plexus was found by confocal micros-
copy to be reduced in vivo. This technique does not possess
enough resolution to quantify epithelial nerve terminals and
may not even reveal all subbasal fibers and thus, the possibility
that some of them were permanently damaged after the HSV-
induced inflammatory episodes cannot be excluded. However,
overall nerve density in the subbasal plexus appears to be
largely unaffected in most cases with resolved HSV keratitis,"®
supporting the view that a lower nerve fiber density is not the
sole cause of the decreased corneal sensitivity observed after
HSV Kkeratitis.

A decreased sensory input from corneal afferent nerves to
the brain, leading to reduced sensitivity could also result from
an abnormally low excitability of TG neurons due to the altered
gene expression reported during the HSV latent state.*® Exper-
imental infection of cultured primary sensory neurons with
HSV in vitro causes, within 24 hours, a profound, rapid, and
selective loss of voltage-dependent Na* currents due to inter-
nalization of Na™ channels from the plasma membrane.>* The
density and functional state of voltage-gated Na® channels in
the cell membrane determine the excitability of adult sensory
neurons.>® Therefore, long-lasting disturbances of ion channel
function—in particular, Na* channels of the cell body, periph-
eral axons, and terminals of TG neurons—may contribute to
the changes in sensitivity found in postherpetic patients. The
presence of allodynia and hyperalgesia during the latent period
in mice infected with HSV-1 for at least 40 days supports this
interpretation.>® Such persistent allodynia and hyperalgesia
signs resemble the abnormal sensations, including spontane-
ous pain and mechanical allodynia, described by postherpetic
neuralgia patients long after clinically evident disease epi-
sodes.>® Finally, it has been reported that several Na™ channel
blockers such as gabapentin and amitriptyline reduce the pain
sensation that appears during acute herpetic episodes and also
during the postherpetic outbreaks,>® supporting evidence of
an involvement of Na™ channels in the generation of posther-
petic sensitivity disturbances.

Our results not only show a general decrease in corneal
sensitivity after HSV keratitis but also provide evidence that
impairment of the different corneal sensation modalities was
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not homogeneous. The final quality of corneal sensations de-
pends on the degree of recruitment of the functionally differ-
ent subpopulations of corneal sensory neurons (mechanonoci-
ceptor, polymodal nociceptor, and cold receptor TG neurons)
whose preferential activation by their specific stimulating en-
ergy evokes conscious sensations with different perceptual
components.'' "' The specificity of the different func-
tional classes of sensory neurons to physical and chemical
stimuli depends on the selective expression of characteristic
transduction molecules. Detection of mechanical forces in-
volves stretch-activated channels, whereas TRPV1 and TRPA1
channels are the main but not exclusive transducers of heat,
acid, and a large number of endogenous and exogenous chem-
ical agents. Transduction of cold stimuli is primarily mediated
by TRPMS channels.®”>®

In HSV keratitis patients, decreases in the detection sensi-
tivity for mechanical forces were pronounced, as was also the
case for sensitivity to heat stimulation and, to a lesser degree,
to CO,, whereas responsiveness to cold was unaffected. Both
mechanosensory and polymodal neurons respond to mechan-
ical stimuli, whereas heat and acidic stimuli are detected only
by polymodal neurons. Differences in the impairment of the
various sensory parameters after HSV infection may reflect
variable effects on polymodal, mechanosensory, and cold sen-
sitive TG neurons and on their transduction mechanisms for
the different types of stimuli. The significant decrease in me-
chanical sensitivity after HSV infection suggests a reduction of
the neural input to the brain that originates at mechanonoci-
ceptor and polymodal nociceptor terminals, where transduc-
tion of mechanical forces takes place. Detection of heat and of
the reductions in pH produced by CO, occurs only in poly-
modal neurons. Impaired function of these neurons could
explain the selective deficit in sensitivity to these stimuli,
whereas preservation of cold sensitivity suggests that the func-
tion of cold-specific neurons remained virtually intact. There is
convincing experimental evidence showing that different neu-
ronal subtypes have different degrees of susceptibility to pro-
ductive and latent infection with HSV-1. The virus preferen-
tially establishes a latent infection in IB4 negative neurons,
which are TRPV1 positive and immunoreactive for neuropep-
tides and the high-affinity nerve growth factor receptor.” At the
best of our knowledge, there is no experimental information
on whether expression of TRP or other transducing channels is
selectively compromised in HSV-1 infected TG neurons. It
could be speculated that in addition to Na™ channels, expres-
sion of mechanosensory transduction channels and of TRPV1
and TRPA1 channels decreases in mechanosensory and poly-
modal neurons after HSV keratitis, whereas the density of
TRPMS8 channels in cold-sensitive neurons does not appear to
be significantly modified.

A slight decrease in corneal sensitivity was also detected in
contralateral eyes. This response could be caused by a subclin-
ical HSV extension to the contralateral side, a possibility that
has been repeatedly suggested.’”*® Alternatively, some sen-
sory nerve endings of the contralateral cornea may become
damaged if the bilateral alteration of tear composition and
volume that has been reported in HSV patients*® persists for
prolonged times. A similar mechanism has been proposed to
explain corneal hyposensitivity of dry eye patients.*"*? Never-
theless, in postherpetic patients, normal tear secretion can still
be evoked by stimulation with alcohol vapor of the nose
mucosa, which is innervated by the maxillary division of the
trigeminal nerve, suggesting that in these patients decreased
tearing is probably the consequence and not the cause of the
reduced corneal sensory input observed after HSV keratitis.

In summary, the present results suggest that sensory deficits
and altered ocular sensations experienced after HSV keratitis
are primarily associated with an impairment of polymodal and
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mechanonociceptive trigeminal sensory neurons, possibly re-
sulting from an altered expression in HSV-infected neurons of
ion channels involved in sensory transduction and/or the de-
termination of neuronal excitability.
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