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TABLE 1

* Acceptable criterion for xerophthalmia preva
lence surveys.

t Secondary sign.

and (2) those without xerosis, assumed to
be unrelated to vitamin A deficiency.

Unfortunately, this widely accepted
classification was made without support
ive data. To rectify this situation and test
the validity of this classification, we ex
amined, treated, and followed up pa
tients with conjunctival xerosis and
Bitot's spots seen here. Our results indi
cate Bitot's spots, conjunctival xerosis
(XIA), and conjunctival xerosis with
Bitot's lesions (XIB) are all basically the
same lesion; nothing in their clinical
appearance distinguishes vitamin A re
sponsive from nonresponsive types; and
more urgent and valuable considerations
are the location and extent of conjunctival
involvement, the patient's age, and pres
ence or absence of concomitant night
blindness and punctate keratopathy.

Description

Conjunctival xerosis
Conjunctival xerosis with

Bitot's spot
Corneal xerosis
Corneal xerosis with

ulceration
Keratomalacia
Night blindness
Xerophthalmia fundus
Corneal scar

XIA
XIB*

X2*
X3A*

X3B*
XNt
XFt
XS*t

Classification

Bitot's "hernerolopic spot"! has long
been associated with vitamin A deficien
cy2 and is probably the commonest
clinical sign used in xerophthalmia pre
valence surveys. 3-5 Because of reports
of Bitot's spots occurring in the absence
of vitamin A deficiency or night blind
ness, or failure to respond to vitamin A
therapy.t"! however, the cause and sig
nificance of this lesion have been
questioned.Y"

A new classification of xerophthalmia
(Table 1) was recently proposed in an
attempt to standardize definitions and
increase the reliability of Bitot's spot as a
sign of vitamin A deficiency. 15 Conjuncti
val xerosis (XIA) was considered the
primary conjunctival manifestation of xer
ophthalmia, but insufficiently standard
izable to serve as a useful screening
criterion. Bitot's spots, defined as foamy
patches at the temporal or, less often,
nasal corneoscleral limbus, were divided
into two groups: (1) those with concomi
tant conjunctival xerosis (XIB), assumed
to represent active vitamin A deficiency;
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RESULTS

Eighty-three consecutive cases were
studied (Table 2). Among the 50 respon
sive patients, the lesions disappeared
completely in 36 (cured) and showed
marked regression (improved) in 14. In
almost all instances improvement was
apparent within one week of vitamin A
therapy (Table 3). All nine unresponsive

(200,000 IV) vitamin A in oil orally to
assess better the significance of a re
sponse to therapy. Because some low
dose recipients clinically worsened, this
trial was soon discontinued. Response is
calculated from administration of the first
high-dose capsule. Patients failing to re
spond to high-dose therapy received at
least one and often two additional doses.

Patients were requested to return on
three successive days, then weekly for
the first month and monthly thereafter.
Patients were considered responsive if
their conjunctival lesions regressed or
disappeared within two months of thera
py and unresponsive if their lesions re
mained unchanged for at least three
months.

The same ophthalmologist drew and
photographed all lesions at initial exami
nation and one or more follow-up visits.
The normal deviate (z), chi square, and
Student's t-test were used in the statisti
cal analysis.

SUBJECTS AND METHODS

Between June 1977 and July 1978 all
patients with clear corneas and conjuncti
val lesions indicative of xerophthalmia
were included in the study. Following
standard practice.l" conjunctival lesions
were categorized by their appearance on
hand-light examination: bare, dry, granu
lar nonwettable patches, best viewed on
oblique illumination, were classified as
conjunctival xerosis (XIA); white patches
were classified as Bitot's spots; and the
presence of the two together was classi
fied as Bitot's spots with conjunctival
xerosis (XIB).

After obtaining informed-consent and a
detailed history from the accompanying
parent or guardian, the ophthalmologist
examined the patient's eye with a Haag
Streit 900 slit lamp (with and without
fluorescein) before and after removal of
any superficial foam with a cotton-tipped
applicator. The patient was then placed
in a room darkened to tlie point that a
normal observer could read headlines but
not ordinary newsprint after ten minutes
of adaptation. After 30 minutes' adapta
tion the patient was asked to locate his
parent or guardian eight to ten feet away.
This was followed by dilated, indirect
ophthalmoscopy and a complete pediatric
examination. Height, weight, and dietary
history were obtained by a nutritionist.

Three milliliters of venous blood was
collected, spun immediately, and the
clear supernatant separated and stored in
a refrigerator. Vitamin A determinations
were carried out by the micromethod of
Neeld and Pearson;" usually within one
week and never more than two weeks
after collection. Because of equipment
failure serum vitamin A levels were un
available for patients examined between
July 15, 1977, and Jan. 15, 1978.

During the initial phase of this study
patients were randomly treated with
either low-dose (700 IV) or high-dose

TABLE 2

OUTCOME OF CASES

Outcome

Responded within two months
Cured
Improved

Unresponsive within three months
Indeterminate response

Inadequate early follow-up
Miscellaneous
Total examined

No.

36
14

18
6

Total

50

9
24

83
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"Examined and not already improved at previous
visit.

TABLE 4

SERUM VITAMIN A LEVELS*

TABLE 3

SPEED OF IMPROVEMENT IN RESPONSIVE PATIENTS

"Levels given in ug/dl, Combined mean of cured
and improved groups was significantly below that of
the unresponsive group (P < .001).

sis, well described as appearing "like
sandbanks at receding tide, "18 were pres
ent on hand-light examination of every
patient, responsive or not. In some, the
xerotic surface appeared bare and free of
overlying material (conjunctival xerosis,
XIA) (Fig. 1); in others, it was partially or
completely covered by an easily removed
layer ofwhite material (conjunctival xero
sis with Bitot's spot, XIB) of a frothy,
foamy character (Figs. 2 and 3) or denser,
cheesy appearance (Fig. 3). In no in
stance did we encounter a Bitot's spot
that lacked a xerotic base.

Slit-lamp examination revealed little
difference between these various lesions.
Localized patches of conjunctival xerosis
(XIA) consisted of fine, tiny, evenly
distributed bubbles with clear, glistening
conjunctiva between. Bitot's spots simply
had larger, denser congregations of bub
bles, which, in cheesy-appearing lesions
became confluent, obliterating any view
of the underlying conjunctiva.

In every eye with a xerotic lesion,
responsive or not, the area adjacent to
the temporal corneoscleral limbus was
involved. In contrast, nasal involvement
was far less common, and never appeared
in the absence of temporal involvement.
Nasal lesions were particularly rare
among nonresponsive patients (Table 5,
P<.OOI).

Nasal lesions were not only less com
mon, but frequently less severe than
their temporal counterpart (Table 6). In
13 eyes conjunctival xerosis with foamy
Bitot's spots (X1B) was present tempor
ally, but there was only mild conjunctival
xerosis (X1A) nasally.

In three patients, all with responsive
lesions and extremely low serum vitamin
A levels, the xerosis was more extensive.
In two, the areas of temporal and nasal
involvement met inferiorly; in the third,
superiorly as well. In this latter instance
the conjunctiva was markedly thickened
and opaque, and had a skin-like appear
ance (Fig. 4). Initially assigned to the

4
29.5
4.17

9
10.1
2.10

22
13.5
1.47

Cured Improved Unresponsive

Patients

Duration Since Patients Improved

Therapy (days) Examined" No. %

1-4 20 11 55
5-7 28 28 100
8-14 4 4 100

15-21 3 3 100
22-31 3 2 67
32-62 2 2 100

patients failed to improve within three
months of receiving at least two massive
doses of vitamin A.

Twenty-four cases were excluded from
analysis: 18 patients had inadequate early
follow-up; four low-dose recipients even
tually improved spontaneously (presum
ably on an improved diet); and in two
patients the initial lesions were extreme
ly mild and their diagnosis and response
to therapy uncertain.

Serum vitamin A levels were available
in 22 cured, nine improved, and four
unresponsive patients (Table 4). The
mean level among improved patients was
slightly lower than among cured patients,
but not to a clinically or statistically
significant degree. The mean levels of
both, however, were significantly below
that of the unresponsive group (P<.OOl).

At the initial visit, dry, granular,
nonwettable patches of conjunctival xero-

No. of eyes
Mean
S.E.



Fig. 1 (Sommer, Emran, and Tjakrasudjatma). Dry,
granular conjunctival xerosis nasally in a 6-year-old
girl. The lesion disappeared within two weeks of vitamin
A therapy.

Fig. 3 (Sommer, Emran and Tjakrasudjatmal. Nonre
sponsive Bltot's spot in a 20-year-old man, The superior
margin has a foamy appearance, the rest has a cheesy
appearance.

Fig. 2 (Sommer, Emran and Tjakrasudjatma). Small
"foamy" Bitot's spot that healed within one month of
vitamin A therapy in a 4-year-old boy.

Fig. 4 (Sommer, Emran and Tjakrasudjatmal. Wide
spread dryness, thickening, and skinllke alterations in
the conjunctiva of a l-year-old boy who developed
corneal xerosis and a shallow ulcer (X3AI two weeks
after low-dose therapy.
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TABLE 5

PROPORTION OF ABNORMAL EYES WITH NASAL INVOLVEMENT·

165

Total No. of eyes
Eyes with nasal lesions

Cured

70
46 (66%)

Improved

26
15 (58%)

Unresponsive

16
1(6%)

"Combined rate among cured and improved groups was significantly below that of the unresponsive group
(P < .(01).

low-dose group, this patient returned at
14 days with frank corneal xerosis (X2)
bilaterally and a small paraxial ulcer in
the right eye (X3A). These lesions healed
promptly on massive vitamin A therapy,
and the child regained visual acuity of 6/6
(20/20) in both eyes. This was the only
instance in which conjunctival wrinkling
was obvious in primary gaze. Conjuncti
val wrinkling on lateral gaze" was no
more apparent among the majority of
children with conjunctival xerosis and
Bitot's spots than among 76 normal age
and sex-matched controls.

As they healed, the lesions lost their
overlying foam and shrank in size, be
coming small xerotic patches or tiny
isolated epithelial blisters located 1 to 2
mm from the corneosclerallimbus. Nasal
lesions responded more rapidly than tem
poral ones, often dramatically so. Among
six of 23 cured patients in whom both

sites were involved, the two cleared at
different times. In each instance the nasal
lesions disappeared first. Among seven
improved patients followed up for more
than two months in whom both sites
were involved, the nasal lesions cleared
completely, usually within one to two
weeks. Although showing early dramat
ic regression, none of the temporal le
sions disappeared within the two-month
period.

Responsive patients were considerably
younger than nonresponsive patients
(Table 7, P<.001). As a result, the pro
portion of nonresponsive patients in
creased sharply with age: one of 37 (3%)
of patients under 6 years of age, two of 12
(17%) of patients aged 6 to 9 years, and six
of ten (60%) of patients 10 years of age or
older failed to respond to vitamin A. Boys
accounted for 58% (29 of 50) of the
responsive patients and 67% (six of nine)

TABLE 6

CLASSIFICATION OF TEMPORAL AND NASAL LESIONS IN EYES OF RESPONSIVE PATIENTS·

Nasal
Lesion

None
Conjunctival

Xerosis (XIA)
Conjunctival xerosis with

Bitot's spot (XIB) (F)t
Conjunctival xerosis with

Bitot's spot (XIB) (C)t

None

4

Conjunctival
Xerosis (XIA)

7

4

Temporal Lesion
Conjunctival Xerosis

with Bitot's Spots
(XIB) (F)t

28

13

40

Conjunctival Xerosis
with Bitot's Spots

(XIB) (C)t

I

3

·(F) designates foamy Bitot's spots; and (C), cheesy Bitot's spots.
tProportion of all lesions that were XIB, temporal vs nasal: P < .05.
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TABLE 7

AGE DISTRIBUTION*

Age in Cured Improved Unresponsive
Years No. Cumulative No. Cumulative No. Cumulative

Completed % % %

1 3 8
2 11 39 3 21
3 4 50 4 50
4 5 64 1 57 1 11
5 3 72 2 71 11
6 6 89 1 79 1 22
7 2 95 79 22
8 1 97 79 22
9 97 79 1 33

~1O 1 100 3 100 6 100
Total 36 14 9

"Percents rounded to nearest integer.

of the nonresponsive patients, a differ
ence that is not statistically significant.

Night blindness was significantly less
common among nonresponsive than in ei
ther group of responsive patients, both
by history and clinical examination
(Table 8). In three of 30 cured patients
clinical testing was inconclusive: the chil
dren simply sat down and cried. All three
had a history of night blindness and were
among the youngest children examined,
which suggests that their lack of coopera
tion may have resulted from impaired
dark adaptation.

The presence of typical, vitamin A
responsive punctate keratopathy was

scored by the same system used in our
original report. 19It was significantly more
common among both groups of respon
sive patients than among nonresponsive
patients (Table 9). The average density
and extent of superficial punctate kera
topathy among positive cured and im
proved eyes was similar. In the single
positive unresponsive patient, the num
ber oflesions was small and limited to the
inferonasal quadrant.

The general nutritional status of most
of the responsive patients was good for
Indonesia: only four of 50 had a weight for
height below 80% of Western standards.P'
One of these four underweight children

TABLE 8

PRESENCE OF NIGHT BLINDNESS*

Test Cured Improved Unresponsive

History available (N"O.) 33 12 9
History contributory (%) 91 83 33
Examination completed (No.) 27 12 9
Results positive (%) 78 67 0

"Statistical significance:
History Examination

Overall distribution, P < .001 P < .001
Cured vs improved P< .48 P< .46
Improved vs unresponsive P < .05 P < .002
Cured vs unresponsive P < .001 P < .001
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TABLE 9

SUPERFICIAL PUNCTATE KERATOPATHY

Cured Improved Unresponsive

No. tested" 27 12 8
No. positivet 26 (96%) 10 (83%) 1 (13%)
Densityj

Mean 1.8 1.9 1.0
S.E. 0.16 0.18

Area*
Mean 2.2 2.1 1.0
S.E. 0.25 0.41

"Number of cases.
tOverall distribution P < .001; cured vs improved P < .16; improved vs unresponsive P < .01; and cured vs

unresponsive P < .001.
*Density and area is the average of both eyes for each positive case. Density was graded 1-3 (mild,

moderate, severe) and area 1-4 (inferonasal quadrant, inferior half, inferior three fourths, and entire corneal
surface).

and an additional, heavier child had
kwashiorkor. Serum albumin was at least
3.5 g/100 ml in 70%; in only two (4%) was
it below 3.0 g/100 ml. Angular stomatitis
was rare.

Because of their older age, the nutri
tional status of the nonresponsive pa
tients was better: only the single pre
school child had a weight for height
below 90% of standard (it was 80%); none
had kwashiorkor, angular stomatitis, or a
serum albumin below 3.5 g/100 ml.

DISCUSSION

The cause and significance of Bitot's
spots have been repeatedly questioned.
Some Investigators-v" have reported
Bitot's spots associated with night blind
ness or other evidence of vitamin A
deficiency and their response to its ad
ministration. Others6,8-10 have reported
exactly the opposite: Bitot's spots in the
absence of vitamin A deficiency and
refractory to vitamin A therapy. Our
observations confirm the general assump
tion that both types occur. 16 Fifty patients
responded dramatically to vitamin A ther
apy, almost all within two to seven days.
Nine patients failed to respond within
three months of receiving at least twice as

much vitamin A. Not surprisingly the
mean serum vitamin A level of the re
sponsive group was significantly below
that of the nonresponsive group. It was
also significantly below that of a randomly
sampled group of Javanese children of
similar age (20.0 fJ.g/d1).22

Conjunctival changes traditionally as
sociated with xerophthalmia were recent
ly reclassified in a manner thought to
better distinguish patients with active
vitamin A deficiency (Table 1).16 Bitot's
spot was considered a nonspecific lesion
and omitted entirely from the classifica
tion, while conjunctival xerosis (X1A),
with its multiplicity of criteria and fre
quent overdiagnosis, was excluded from
the list of acceptable screening criteria.
Only Bitot's spot accompanied by con
junctival xerosis (XIB) was considered
sufficiently reproducible and diagnostic
of active vitamin A deficiency for use in
survey work. Unfortunately, our results
suggest these distinctions are unwarrant
ed.

Conjunctival xerosis, dry nonwettable
lesions well described as "emerging from
their surroundings like sandbanks at re
ceding tide, "18 were easily recognized
with oblique illumination from a hand-
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light. Tandon and associates! reported
that once seen they were not easily
mistaken. On slit-lamp examination
patches of conjunctival xerosis (XIA) and
Bitot's spots were similar, differing only
in their concentration of fine, superficial
bubbles. Rather than distinct entities,
conjunctival xerosis (XIA) and conjuncti
val xerosis with Bitot's spots (XIB) appear
to be manifestations of the same xerotic
process, as originally suggested by early
writers. 2,23-26

Despite claims to the contrary, 15,18,27
pigmentation and "wrinkling on lateral
gaze" were of no help in distinguishing
conjunctival xerosis (XIA). Except for
unusual cases these changes were mild or
absent and standardization was difficult
and reproducibility poor. Classically,
xerophthalmic wrinkling referred to
grossly evident furrowing concentric with
the corneoscleral lim bus in the unmanip
ulated eye. This appears to be a late
manifestation of advanced xerophthalmia;
the entire bulbar conjunctiva often was
thickened and skin-like,24,26 as in the case
reported here and in many with severe
corneal involvement we have studied
(unpublished data).

Nothing in their appearance distin
guished vitamin A responsive from non
responsive lesions. Every Bitot's spot in
our study, foamy or cheesy, vitamin A
responsive or nonresponsive, had a xe
rotic base, in agreement with classic de
scriptions of lesions associated2,14,23 and
unassociated" with vitamin A deficiency.
Other characteristics were more helpful,
notably the distribution of the lesions,
the age of the patient, and the presence
or absence of night blindness and su
perficial punctate keratopathy.

Nasal lesions (always accompanied by
temporal lesions) were far more common
in xerophthalmic eyes of responsive than
nonresponsive patients (61 of 96 [64%]
and one of 16 [6%] respectively). Al
though we appear to be the first to call
attention to the significance of concomit-

tant temporal and nasal involvement, our
observations are consistent with earlier
reports: nasal lesions have commonly
been noted in cases of active vitamin A
deficiency,2,2I,24 but rarely in cases with
normal vitamin A nutriture.v" Extension
oftemporal and nasal involvement below,
to meet in the inferior quadrant (or
occasionally above as well, to meet super
iorly) is even more specific for active
vitamin A deficiency, usually severe and
advanced.

Patients with active vitamin A deficien
cy were also younger. Admittedly ours
was a clinic population, but the difference
in the age distribution of the two groups
was striking: only 3% of patients under
age 6 years but 60% over age 9 years
failed to respond to vitamin A. Even in
parts of India where nonresponsive le
sions are fairly prevalent among pre
school children",28 they rarely arise de
novo in populations given vitamin A
supplements.P

Responsive lesions were usually associ
ated with other evidence of vitamin A
related functional impairment. A history
of night blindness is the easiest to collect
and was present in almost 90% (40 of 45)
of responsive patients. In an actual
house-to-house survey of rural preschool
children in Java a history of night blind
ness was present in over 60% (80 of 132)
of those with Bitot's spots.f Others have
reported similar rates. 23,26,29,30 As Stephen
son 2 pointed out over 70 years ago, night
blindness is more likely to be recognized
among clinic patients because it is the
reason most individuals seek help in the
first place. Among those not attending a
clinic the night blindness is likely to be
milder or otherwise overlooked. One
third (three of nine) of nonresponsive
patients also claimed to be night blind.
In none of the three could the diagnosis be
confirmed clinically. Although a contribu
tory history can exist with subtle impair
ment undetectable by our crude test,22
the serum vitamin A level in the single
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case in which it was available was normal
(22 ILgldl). In contrast, clincally docu
mented night blindness was present in at
least 75% of responsive patients tested.

Although more practical for clinic than
field testing, fluorescein-positive superfi
cial punctate keratopathy was more likely
to be present in responsive than in non
responsive eyes (92% [88 of 96] vs 3%
[two of 16]) and also to be denser and
cover more of the surface.

None of the above associations
proved infallible in distinguishing be
tween cases of Bitot's spots with and
those without active vitamin A deficien
cy. However, the presence of lesions on
both sides of the cornea or a history of
night blindness, especially in preschool
children, stongly suggests active vitamin
A deficiency. The diagnosis is almost
assured if the xerosis involves the inferior
180 degrees, or more, of the conjunctiva
or if the night blindness is confirmed
clinically. Many cases of active vitamin A
deficiency will not satisfy these more
stringent criteria. Vital staining of the
conjunctiva with lissamine green or rose
Bengal, reported to be highly accurate in
distinguishing between the two groups,"
has not been as effective as reported
earlier. 32

The cause of the nonresponsive lesions
remains uncertain. In none of the cases
studied was there any evidence of local
trauma, trachoma, pemphigus, kerato
conjunctivitis sicca, collagen vascular dis
eases, or cirrhosis. It has been suggested
that Bitot's spots in individuals without
vitamin A deficiency in developing coun
tries are caused by protein or nonspe
cific forms of malnutrition. 6,8,12,14,24 This
seems unlikely. Malnutrition is common
est among preschool children, whereas
nonresponsive patients are usually older,
and all but one in our series (the young
est was a 4-year-old) were well nour
ished. It appears more likely that at least
some of these nonresponsive lesions rep
resent a persistent metaplastic change

induced during a prior xerophthalmic
episode. As already noted, nonresponsive
lesions characteristically occur tempor
ally,9,12 the site of 16 of the 17 lesions in
nonresponsive eyes in our series. The
temporal quadrant also appears to be the
area most susceptible to the effects of
active vitamin A deficiency: among re
sponsive cases temporal lesions were
present in every affected eye, nasal le
sions in only two thirds; temporal lesions
were often more prominent than their
nasal counterparts, never less prominent;
and temporal lesions were often the last
to heal, never the first. These observa
tions are consistent with descriptions
found in previous case reports. 14,21,30 In
five of our improved patients the nasal
lesions disappeared entirely. Although
their temporal counterparts regressed
soon after therapy, they persisted, in
milder form, for at least three to five
months, Examined during this latter peri
od they would have appeared to be classic
examples of nonresponsive cases without
vitamin A deficiency.

In one patient, followed up for six
months, the temporal lesions improved
dramatically with therapy and, though
never regaining their original size and
prominence, waxed and waned through
out the period of observation, disappear
ing entirely only to reappear later, while
serum vitamin A levels remained at their
posttreatment high (>25 ILg/dl). This case
helps explain the observations of Sinha
and Bang. 28 One half of the preschool
children in their study village received
massive doses of supplemental vitamin A
and one half did not. Although new
Bitot's spots continued to appear among
vitamin A recipients, almost invariably
these were children who had had Bitot's
spots in the past. In contrast, new spots
were found in previously normal placebo
recipients. It seems that vitamin A defi
ciency is required for the production of
nonresponsive spots, but once the meta
plastic change has taken place other
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factors can affect their prominence and
size.

The particular susceptibility of the
temporal area remains to be explained,
though synergism between vitamin A
deficiency and exposure probably plays
an important role. We have followed up a
child who had severe vitamin A defi
ciency with extensive conjunctival xerosis
of both eyes and a xerotic, heavily kera
tinized unilateral staphyloma (from earli
er keratomalacia) that protruded well
beyond the eyelids. Although the slowest
area to respond, the exposed surface of
the staphyloma eventually lost most of its
keratinization on massive doses of sys
temic vitamin A (unpublished data).

SUMMARY

We examined and followed up 59 pa
tients with conjunctival xerosis with and
without classic Bitot's spots. Of these, 50
were responsive and nine were unrespon
sive to vitamin A.

Despite a recent World Health Organi
zation classification suggesting other
wise, all cases appeared to represent the
same process. In preschool children, the
presence of the Bitot's spots on both sides
of the corneoscleral limbus or in associa
tion with night blindness or punctate
keratopathy suggests active vitamin A
deficiency, Pigmentation and wrinkling
were not useful diagnostic criteria and
lesions isolated to the nasal corneoscleral
limbus suggested a different diagnosis. At
least some cases of nonresponsive con
junctival xerosis and Bitot's spots were
probably sequelae of past vitamin A
deficiency.
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