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Leprosy is essentially a disease of the pe-
ripheral nervous system. Because of its
transparent nature, the cornea provides us
with the unique feature of viewing the nerves
traversing it, thereby affording an interest-
ing opportunity to visualize the affectations
of these peripheral nerves. Investigation of
these nerves in leprosy has not been com-
mensurate with the perquisite afforded by
this anatomical characteristic. From the
limbus about 70 to 80 nerve bundles enter
the cornea in its midstromal region and run
radially toward the center of the cornea ( 13 ).
When viewed with a slit lamp they appear
as thin, thread-like structures that branch
dichotomously. Although covered with a
myelin sheath near the limbus, they are di-
vested of their myelin sheath after they tra-
verse 0.5 to 1.5 mm into the cornea. In-
vestigators agree that myelination does not
usually extend further than 1.5 mm from
the limbus (4,12). The unmyelinated portion
of the corneal nerves can be visualized only
on careful and specialized biomicroscopic
examination, and the smaller fibers may not
be seen even with such careful examination
(4) .

Increased visibility of the corneal nerves
has been described in various ocular dis-
eases, such as Fuchs' dystrophy, ocular her-
pes and in keratoconus ( 12 ). Increased vis-
ibility of these nerves also has been noted
in ichthyosis ('°), aging ( 9 ), neurofibroma-
tosis, pheochromocytoma ("), multiple en-
docrine neoplasia ( 6 ), and in Refsuni's syn-
drome (').

In leprosy, the corneal nerves have been
described as being thickened ( 17 ), prominent
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( 15 ), more visible ( 12), or beaded ( 14 ). Since
it is not known whether the unmyelinated
nerves of the cornea become more visible
in leprosy, we quantitatively assessed the
number of unmyelinated, visible corneal
nerves that could be observed with careful
slit-lamp examination in a group of leprosy
patients whose eyes looked normal on clin-
ical examination and in an equal number
of healthy individuals. We present our find-
ings here.

METI-IODS AND PATIENTS
Unselected, consecutive leprosy patients

attending the outpatient clinic of the Schief-
felin Leprosy Research and Training Center
from January 1992 to January 1993 who
conformed to certain criteria and whose vi-
sual acuity was 6/12 or better were included
in the study. Patients with corneal condi-
tions that would obscure visualization of the
corneal nerves, such as corneal opacities,
corneal dystrophies and degenerations, del-
lens, pterygiums and arcus senilis, as well
as patients with active ocular inflammation
and those on chronic topical medication,
were excluded from the study. However, pa-
tients who had had leprosy reactions but
who did not demonstrate signs of active re-
action at the time of examination were in-
cluded in the study. After informed consent
was obtained, demographic and leprosy data
were recorded.

Leprosy data included: a) current type of
leprosy according to the Ridley and Jopling
classification using bacteriological, clinical
and histopathological parameters; b) ap-
proximate duration of the disease; c) treat-
ment status of the patient, whether under
antileprosy treatment or whether released
from treatment; d) duration and doses of
dapsone monotherapy and multidrug ther-
apy (MDT); e) occurrence of reversal or er-
ythema nodosum leprosum (ENL) reac-
tions, and f) highest bacterial index (BI)
recorded at any one time during the course
of the disease. The control group consisted
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TABLE 1. Visible unmyelinated corneal
nerves by gender.

Gender

Leprosy
patients Controls

No." (S.E.M.) No Mean
(S.E.M.)

Males 564 21 (0.6) 564 27 (0.7)
Females 202 20 (0.9) 202 22 (1.1)

Total 766 21 (0.5) 766 26 (0.6)

of healthy friends and relatives accompa-
nying the patients whose socio-demograph-
ic characteristics were similar to those of
the patients.

The visible corneal nerves were counted
using the +16 magnification of a Haag-Strict
slit lamp and using techniques described by
Berliner ( 3 ) for visualizing corneal nerves.
Adjustments were made by altering the an-
gle of illumination, controlling the width of
the slit, lifting the upper lids, and by re-
questing the patient to shift the eye in a
required direction, so as to make as many
corneal nerves visible as possible.

Counting of the nerves was done in a cir-
cumlinear area 2.5 mm from the limbus.
This region was first delineated with the help
of a slit beam 2.5-mm long. Exactitude of
this region was not possible throughout the
counting due to the movements deployed
in order to visualize the maximum number
of corneal nerves. Neither was counting
twice possible due to patient fatigue. How-
ever, random double checks were done to
safeguard against grossly variable counts in
the same eye. If a nerve were to have
branched before reaching the counting area,
it was counted as two nerves.

Counting was done for each quadrant in
the following convenient sequence: left up-
per temporal, left lower temporal, right up-
per nasal, right lower nasal, right upper tem-
poral, right lower temporal, left upper nasal
and, finally, the left lower nasal quadrant.
Counting always commenced above and
ended below. The methodology was used
consistently for patients and controls, mak-
ing every attempt to make unbiased assess-
ments. Beading of the corneal nerves was
also carefully looked for and noted.

Means, standard deviations and standard
errors of the mean as well as proportions

LT LN
^ LN LT

UT UN^CONTROL^UN UT
5( 4)..:8(5)

5 (3) 8 (5)
LN LT

FIG. 1. Mean (S.D.) of the quadrant-wise distri-
bution of unmyelinated corneal nerves. UT = Upper
temporal; UN = upper nasal; LT = lower temporal;
LN = lower nasal.

were computed and compared using t, nor-
mal and F tests. The analysis was done using
the statistical package SPSS PC+.

RESULTS
This study included 383 leprosy patients

and an equal number of nonleprosy indi-
viduals, matched for age and sex.

The number of visible, unmyelinated cor-
neal nerves (VUCN) did not differ signifi-
cantly between the right and the left eyes of
patients or controls. Neither was there any
significant difference in the quadrant-wise
distribution of the mean number of VUCN
between both eyes in leprosy as well as the
controls (depicted in Fig. 1). Combining and
comparing the findings in both eyes of the
leprosy patients, the mean (S.E.M.) number
of VUCN found in the nasal half of the
cornea was 7 (0.21) and in the temporal half
of the cornea was 14 (0.32). Among the con-
trols, the mean (S.E.M.) number of VUCN
in the nasal half was 10 (0.28) and in the
temporal half was 16 (0.34). This difference
in the VUCN between the nasal and tem-
poral halves of the cornea was statistically
significant (p < 0.01) in both leprosy pa-
tients and controls.

Combining all quadrants of both eyes, the
mean (S.E.M.) of the VUCN by gender for
leprosy cases and controls are shown in Ta-
ble 1. The difference between the leprosy
cases and controls was statistically signifi-
cant (p < 0.01). A similar difference was
found in males but not in females.
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TABLE 2. Visible unmyelinated corneal nerves by leprosy type and gender.

Leprosy Males Females Total

type No. Mean (S.E.M.) No. Mean (S.E.M.) No. Mean (S.E.M.)

TT 28 26 (2.1) 12 24 (4.3) 40 26 (1.9)
BT 144 24 (1.3) 66 22 (1.6) 210 23 (1.0)
BB 130 21 (1.2) 42 20 (2.2) 172 21^(1.1)
BL 146 20 (1.1) 48 20 (1.9) 194 20 (0.9)
LL 116 16 (1.3) 34 18 (2.1) 150 17 (1.1)

Total 564 21 (0.6) 202 20 (0.9) 766 21 (0.5)

The mean (S.E.M.) of the VUCN by gen-
der for leprosy cases and controls classified
in three broad age groups are shown in Fig-
ure 2. Male leprosy patients but not female
leprosy patients demonstrated a signifi-
cantly lower (p < 0.01) VUCN than did the
controls for all ages except those older than
44 years of age. There is a significant (p <
0.01) inverse correlation between the VUCN
and age for both leprosy patients and con-
trols in both males and females.

The mean (S.E.M.) of the VUCN for the
various types of leprosy by gender is given
in Table 2. The mean (S.E.M.) of the VUCN
for the various types of leprosy by age is
presented in Figure 3. A decreasing trend in
the number of VUCN is noted as the type
of leprosy moves toward the lepromatous
pole. An analysis of variance showed that
the difference in means between the differ-
ent types of leprosy was statistically signif-
icant (p < 0.05) on the whole, but the age
group below 30 years and females did not
exhibit this difference. For each type of lep-
rosy a significant (p < 0.01) inverse corre-
lation of VUCN with age is maintained in
both males and females. Although a similar

pattern existed on the whole, the correlation
coefficient was not significant for the tuber-
culoid (TT) type of leprosy. This could be
due to the lesser number of patients avail-
able in this group when compared with those
with other types of leprosy. Multibacillary
(MB) patients were found to have a signif-
icantly (p < 0.01) lower VUCN than pau-
cibacillary (PB) patients.

The bacterial indices (BIs) of smears of
the MB patients did not show any signifi-
cant correlation with the visibility of the
unmyelinated corneal nerves. Neither was
there any significant association found be-
tween the visibility of these nerves and the
duration of the disease or the duration of
antileprosy treatment. Beading of corneal
nerves was found in 18 eyes (2.3%). Among
the MB patients, 7% of the eyes had beaded
corneal nerves, all associated with a high
BI.
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FIG. 2. Mean (S.E.M.) of the distribution of un-
myelinated corneal nerves of males and females in
three broad age categories of leprosy patients and con-
trols. = Males; El = females.

Ftc. 3. Mean (S.E.M.) of unmyelinated corneal
nerves distributed among the various types of leprosy
in three different age groups. El = TT;  'S = BT: ED =
BB; = I3L;^ = LL.
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TABLE 3. Visible unmyelinated corneal nerves by reaction and gender.

Reaction

Gender^None Type 1^ Type 2

No. Mean (S.E.M.) No. Mean (S.E.M.) No. Mean (S.E.M.)

Male 326 22 (0.8) 176 21^(1.1) 62 13 (1.4)
Female 148 21 (0.9) 40 16 (1.6) 14 19 (2.4)

Total 474 21 (0.6) 216 20 (1.0) 76 14 (1.2)

The observations on the VUCN for the
various types of leprosy reactions by gender
and age are summarized in Tables 3 and 4,
respectively. Overall, there was significant
difference in the mean number of VUCN
by type 1 reactions, but this was noticed in
the females (p < 0.01). On the other hand,
the mean number of VUCN among patients
with type 2 reaction was significantly (p <
0.01) lower than among those with type 1
reaction and those with no reaction, but such
a difference was not found among females.
Although a significant (p < 0.01) inverse
correlation of VUCN with age existed for
both types of reactions and for those with
no reaction, among males with type 2 re-
action and females with type 1 reaction the
correlation was not significant.

DISCUSSION
A search of the available literature did

not reveal similar studies attempting to
quantify the number of visible unmyelin-
ated corneal nerves. Counting of the un-
myelinated portion of the corneal nerve was
preferred because the myelinated portion is
thicker and easily visualized. One aspect of
the methodology that could not be con-
trolled effectively was the sustained accu-
rate maintenance of the exact circumlinear
area, 2.5 mm from the limbus, in which the
nerves were counted. This area, although

located initially by the projection of a slit
beam of that size, could not be maintained
accurately throughout the counting due to
the maneuvers undertaken to make as many
as possible of the corneal nerves visible. The
use of a calibrated eyepiece on the slit lamp
may have helped reduce this problem, but
such equipment was not available.

We found unmyelinated corneal nerves
to be less visible on the nasal half of the
cornea among both patients and controls.
Nasal obstruction preventing good biomi-
croscopic examination seemed a plausible
explanation for this finding, but detailed ex-
amination using appropriate eye move-
ments to negate nasal obstruction as a cause
did not increase the visibility of these nerves
on the nasal side. It would be interesting to
know whether this finding could be con-
firmed histologically. At present, without an
idea as to whether these nerves are by them-
selves distributed less on the nasal side, we
are unable to suggest reasons why these
nerves are more visible on the temporal side
than on the nasal side.

It is clear from our study that as age in-
creases, visibility of these nerves decreases.
Aging processes in the corneal tissues prob-
ably contribute to this. We would like to
point out here that although age may make
a few of the corneal nerves more prominent
or more visible, as has been reported in the

TABLE 4. Visible unmyelinated corneal nerves by reaction and age.

Reaction

None^ Type 1^ Type 2

No. Mean (S.E.M.) No. Mean (S.E.M.) No. Mean (S.E.M.)

<30 202 27 (0.9) 106 27 (1.4) 14 16 (2.7)
30-44 182 22 (1.0) 66 15 (1.2) 38 16 (1.6)
>44 90 10 (1.1) 44 11^(1.4) 24 9 (2.0)

Total 474 21 (0.6) 216 20 (1.0) 76 14 (1.2)

Age
(yr)
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literature ( 9 . ' 2), quantitatively the visibility
of these unmyelinated corneal nerves de-
creases rather than increases with age.

Based on several reports that corneal
nerves are thickened, prominent or more
visible in leprosy, we assumed that there
would be an increase in the visibility of the
unmyelinated corneal nerves. Contrary to
our expectations, the results of our study
show that the reverse is true. Unmyelinated
corneal nerves are less visible in leprosy
when compared with nonleprosy controls.
One reason for this could be that the aging
process of the corneal tissues might, in some
way, be hastened by leprosy.

One other reason could be immunologi-
cal; although nerve destruction mechanisms
in leprosy have been studied and described
in numerous articles, there still exists a lot
of controversy on the role of antibodies to
the various nerve antigens that have been
implicated in the destruction of these nerves
in leprosy (2. 7. 8 ' 18 ' 19). Cho, et al. (5 ) in
studying the serologic responses in sooty
mangaby monkeys with experimental lep-
rosy have shown that antineural antibodies
are produced during the course of Myco-
bacterium leprae infection, and that the lev-
els of these antibodies were strongly asso-
ciated with the onset and progress of clinical
leprosy. It is possible that antineural anti-
bodies produced in leprosy patients are the
causative factors that clinically give rise to
a decrease in the visibility of the unmyelin-
ated corneal nerves. It would be interesting
to see if a definite correlation exists between
the decreased visibility of these nerves and
the increased antineural antibody produc-
tion in leprosy patients.

Whatever the reason, the results of our
study clearly demonstrate that quantita-
tively there is a reduction in the visibility
of corneal nerves in leprosy and that thick-
ening, prominence or increased visibility of
these nerves reported in the literature would
either pertain to one nerve bundle or a group
of nerves and not to all of the nerves vi-
sualized in an affected eye.

Another interesting finding is that as the
spectrum of the disease moved from the
tuberculoid pole toward the lepromatous
pole there is a proportionate decrease in the
visibility of these nerves. The reason for
this, again, could be immunological, and
may have a bearing on the role of antineural

antibodies. The MB patients showed a sig-
nificant decrease in the visibility of these
nerves compared to PB patients, but there
was no significant correlation between smear
positivity and the visibility of these nerves.
Since the bacillary load of a patient is not
obviously implicated, it appears that the
neural antibodies may have more to do with
the decreasing visibility of these nerves than
would the presence of bacteria in large
quantities.

Overall, the patients who had ENL re-
actions during the course of the disease
demonstrated a significant reduction in the
visibility of these corneal nerves when com-
pared with patients with no reaction or pa-
tients who have had only reversal reactions.
This is in accordance with the documented
evidence that patients with ENL have their
nerves destroyed much faster than non-
reactional patients. In lepromatous neurop-
athy, it is believed that immune complexes
may play a significant role in nerve destruc-
tion, especially during ENL. Patients who
develop ENL also are said to have a higher
percentage of nerve complications than do
those without ENL ( 16). In our study we
found that in type I reactions only females
exhibited significantly decreased visibility;
in type 2 reactions males exhibited this re-
lationship and females did not. We are,
however, unable to explain this gender re-
lationship between reactions and the de-
creased visibility of corneal nerves.

SUMMARY
Unmyelinated corneal nerves were

counted in 383 leprosy patients whose eyes
looked normal on clinical examination and
in an equal number of healthy controls. Vis-
ibility of these nerves was decreased signif-
icantly (p < 0.01) in the nasal half of the
cornea in both patients and controls. There
was a significant (p < 0.01) inverse corre-
lation between age and the visibility of these
nerves in patients and controls. There was
a significant (p < 0.05) reduction in the vis-
ibility of these nerves as the spectrum of the
disease moved from the tuberculoid to the
lepromatous pole. There was no significant
correlation between visibility of these nerves
and the smear positivity of the patient. Nei-
ther did duration of the disease nor the du-
ration of antileprosy treatment alter the vis-
ibility of these nerves significantly. Overall,
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there was a reduction in the visibility of
these nerves in patients who had had lep-
rosy reactions.

RESUMEN
Se contaron los nervios corneales en 383 pacientes

con lepra cuyos ojos eran clinicamente normales y en
un nUmero igual de controles sanos. La visibilidad de
estos nervios estuvo significativamentc disminuida (p
< 0.01) en la mitad nasal de la cornea tanto en los
pacientes corno en los controles. Hubo una significativa
(p < 0.01) correlaciOn inversa entre la edad y Ia visi-
bilidad de estos nervios en los pacientes y controles;
tambien hubo una significativa (p < 0.05) reducciOn
en la visibilidad de estos nervios conforme el espectro
de la enfermedad se movie) del extremo tuberculoide
al extremo lepromatoso. Sin embargo, no hubo una
correlaciOn significativa entre la visibilidad de estos
nervios y la positividad baciloscOpica de los pacientes.
Ni la duraciOn de Ia enfermedad ni la duraciOn del
tratamiento antileproso alteraron de manera signifi-
cativa la visibilidad de estos nervios. De mancra global
si hubo una reducciOn en la visibilidad de estos nervios
en los pacientes que habian tenido reacciones leprosas.

RÉSUMÉ

On a compt& les nerfs corneens non myelinises chez
383 malades de la lepre dont les yeux paraissaient nor-
maux a l'examen clinique, et chez un nombre egal de
temoins en bonne sante. La visualisation de ces nerfs
diminuait de maniere significative (p < 0.01) dans la
moitie nasale des cornees chez les malades et chez les
temoins. II y avait une correlation inverse significative
(p < 0.01) entre räge et la visualisation de ces nerfs,
chez les malades comme chez les temoins. II y avait
une diminution significative (p < 0.01) de la visuali-
sation de ces nerfs a mesure que le spectre de la maladie
passait du Ole tuberculoidc au pOle lêpromateux. II
n'y avait pas de correlation significative entre la vi-
sualisation dc ces nerfs et la positivit& des frottis du
patient. Ni la durêe de la maladie, ni la durée du trai-
tement anti-lepre n'ont modifie de maniere significa-
tive la visualisation de ces nerfs. Dans l'ensemblc, i1 y
avait une diminution dc la visualisation de ces nerfs
chez les malades qui avaicnt present& des reactions
lepreuses.
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