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0 Conjunctival biopsy specimens from The cause and importance of Bitot's tion and had blood drawn for biochemical 
ptlents with Bitot's spots responsive and spots have been a major source of analysis, and height and weight were 
nonresponsive to vitamin A were studied controversy, impeding development of recorded. 
by light and electron microscopy. In both comprehensive xerophthalmia assess- Conjunctival biopsy specimens were col­
types, the lesions demonstrated keratinl- ment and screening programs." Re- lected on a subsample of patients repre­

senting the different clinical conditions. 
zatien with granular cells, Irregular matu- cently published clinical data help After receiving informed consent from 
ration, Inflammatory infiltration of the cor- reconcile earlier observations by sug- their parent or guardian, 1 drop of propar­
junctival substantia propria, and loss of gesting that typically dry, nonwett- acaine hydrochloride was applied to the 
goblet cells. Only In the responsive cases able conjunctival xerosis and Bitot's inferior cul-de-sac (children younger than 6 
were these changes generalized. Promi- spots of all varieties represent one and years) or 0.5 mL of lidocaine hydrochloride 
nent Bitot's spots represented massive the same process. Most of these (2%) was injected subconjunctivally for 
accumulations of Gram-positive bacilli lesions, especially those in preschool- local anesthesi i. Using strict, sterile tech­
and keratin debris. Responsivp cases age children, those located on both niques, 4 x 3-mm conjunctival biopsy spec­

imens were taken from the involved area
Improved histologically within seven days sides of the cornea, and those accom- adjacent to the temporal (and occasionally 
of treatment, and gobiet cells began to panied by night blindness, are asso- nasal) limbus and, in many instances, the 
return within two weeks. These results ciated with an active vitamin A defi- seemingly normal inferonasal quadrant 
support our previous suggestions that ciency and respond to its administra- also. Excised conjunctiva was gently 
there Is little basis for attempting to differ- tion. Vitamin-A-nonresponsive le- spread by its edges, epithelial surface up, 
entiate, clinically, between the two types sions probably are sequelae of past on a firm piece of paper and immersed in 
of lesions and that at least some nonre- xerophthalmia.- . Karnovsky's 4% formaldehyde-% gluta­
sponsive lesions represent a persistent The last, and potentially most raldehyde fixative. 
metaplastic change Induced during a important, inference was based, in The eye was dressed with gentamicin 
prior episode of vitamin A deficiency, large part, on three sets of observa- sulfate, bacitracin and polymixin Bsulfate 

ointments, patched, and examined on sue­
(Arch Ophthalmol 1981;99:2014-2027) tions: the identical clinical appearance cessive days until healing was complete 

of responsive and nonresponsive le- (usually within two to three days). In one 
sions, their joint predilection for the instance, asmall temporal abscess formed, 
temporal quadrant, and the observa- which responded to intensive topical and 
tion of classic lesions that were rap- systemic antibiotic treatment. In some 

Accepted for publication Dec 26, 1980. idly, but only partially, responsive to cases, additional biopsy specimens were 
From the International Center for Epidemi& vitamin A therapy. Further confirma- obtained, usually from the opposite equally 

logic and Preventive Ophthalmology, and the Eye tion of this hypothesis awaits careful involved eye at r y intervals aftervaryingviamin A te 
Pathology Lahoratorr, Wilmer Institute, The 
Johns Hopkins Medical Institutions, Baltimore clinicopathologic correlation of re- vAitamin A therapy. 

were(Drs Sommer and Green); Helen Keller Interna- sponsive and nonresponsive lesions in 200,000 IU of vitamin A in oil and 
tional, New York, and the Nutritional Blindness otherwise normal eyes. We report requested to return on three successive 
Prevention Program, Bandung, Indonesia (Dr such data herein. days, then weekly for the first month and 
Sommer); and the Department of Ophthalmolo­
gy, Harvard Medical School, the Cornea Service, PATIENTS AND METHODS monthly thereafter. If their lesions failed 
Massachusetts Eye and Ear Infirmary, and the to respond by one month, they received at 
Cornea Research Department and Morphology As previously described,1' 83 consecutive least one additional dose. Those lesions still 
Unit, Eye Research Institute of Retina Founda- cases of conjunctival xerosis and Bitot's failing to respond by the end of the third 
tion, Boston ()r Kenyon). spots with clear corneas on hand-light month were considered "nonresponsive." 

Read in part before the annual sientific meet- w"Rsonsive" cases 
included all patientsing of the Wilmer Residents Association, Balti- examination were studied. Mledical, socio- R 

col- whose lesions either cleared completelymore, April 26, 1979. economic, and dietary histories were 
Iteprint requests to Wilmer Institute, The lected from the accompanying parent or ("cured") or regressed dramatically ("im-

Johns Hopkins Hospital, 600 N Wolfe St, BaIti- guardian. Each patient underwent a care- proved") within two months (in most 
more, MD 21205 (Dr Sommer). ful ophthalmologic and pediatric examina- instances within one to two weeks)., All 
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Table 1.-Histopathologic Findings* From Pretreatment Conjunctival Biopsy Specimens From Responsive Cases and Controls 

Case Subeplthelial Organization Prominence
and Clinical Granular Surface Goblet Inflammatory of Basal Epithelial Cell of
Eye ILelont KeratInt Layer Bacteria Cells Infiltrate Layer Thickness Size Nucleoi 

Temporal

1 B 2 1.5 0 0 0 2.5 34 1 
 1 
2 B 2 3 1.5 0 0 3 24 0.5 0.5 
3 A 3 1.5 0 0 0 3 23 0.5 0.5 
4 B 0 0 0 0 0.5 2.5 15 0.5 0.5 
5 B 2 3 0 0 1 4 18 0 0 
6 B 3 3 3.5 0 0.5 3.5 25 0.5 0.5 
7 B 2 3 1.5 0 0 4 33 0.5 0.5 
8 B 2 3 1.5 0 0 3 25 1.5 1.5 
9 +/- 0 0 0 0 0 254 0 0 

10 0 0 0 0 0 0 4 16 0 0 
Nasl

5 B 3 3 0 0 1 4 24 0 0 
9 0 0 0 0 0 0 4 12 0 0 

Inferonasal 
2 0 0.5 0 0 0 0 4 15 0 0 
3 0 0.5 0 0 0 0 3 0.517 0.5 
5 0 0 0 0 0 0 4 24 0 0 
6 0 0.5 0 0 0 0.5 3 13 0.5 0.5 
7 B 2 2.5 1.5 0 1.5 4 25 0.50.5 
8 0 0 0 0 0 1 3.5 23 0.5 0.5 

10 0 0 0 0 15/5§ 0 4 13 0 0 

*See text for scoring.
 
tA indicates pure conjunctival xerosis; B, "foamy" Bitot's spot; and + /-, a few tiny isolated epithelial "bubbles."

[Temporal lesion, case 4, and inferonasal biopsy, case 8, lacked keratin but had a thickened layer of flattened cells at the surface.
 
§The numerator is the total number of goblot cells observed. The denominator is the number of high-power fields surveyed. 

clinical examinations were carried out by sectioning and paraphenylenediamine ral and nasal areas. The other patient
the same ophthalmologist and pediatri- staining for orientation and phase-contrast (10) was seen initially with normal con­
cian. photomicrography. Thin sections of repre- junctiva and night blindness. He was

Biopsy specimens were maintained in sentative areas were doubly stained and treated with'200,000 IU of vitamin A,
fixative and refrigerated until arrival at examined on transmission electron micro­
the pathology laboratory, where each spec- scopes. For scanning electron microscopy, and a biopsy of his eye 
was done two
imen was divided for light and electron osmication and dehydration were followed months later. Definitive examination 
microscopy. Those for light microscopy by critical-point drying and gold-platinum eventually disclosed retinitis pigmen­
were routinely processed and the following sputter coating. The epithelial surfaces of tosa. The serum vitamin A level, even
staining techniques employed: hematoxy- these specimens were examined, using a on admission, was 28 /g/dL (normal).
lin-eosin stain for overall structure and scanning electron microscope. His specimens are therefore included 
architecture, Dane's stain for keratin and as normal controls. 
goblet cells, PAS stain for goblet cells, and RESULTS All pretreatment responsive lesions 
Brown and lobi)s stain for bacteria. Nine Pretreatment Responsive Cases 
factors were assessed: degree of keratini- and Controls had notable pathologic changes, espe­
zation, graded 0 to 4; number of granular cially when compared with the equivo­
cell layers; presence of intrakeratin lacte- Pretreatment temporal biopsy spec- cal and control cases (Fig 1). Keratini­
ria, graded 0 to 4; number of goblet cells imens were available from eight sub- zation was seen in every lesion but one 
per high-power field; presence of inflam- jects (cases 1 through 8) who eventual- (Fig 2 through 5). Loss of microvillus 
matory infiltrate in the conjunctival sub- ly responded to therapy (Table 1). projections from the plasma mem­
stantia propria, graded 0 to 4; delineation Patients 1 and 2 eventually improved, brane of superficial epithelial cells 
of the basal layers (4, indicating normal and patients 3 through 8 were cured. was especially evident by electron
architecture; 1, complete disorganization); A biopsy of nasal lesion in case 5 also microscopy (Fig 2). In the one excep­
increase in :ize of the cells, graded 0 to 2; was done. tion (case 4, Fig 6), there was the same
increased prominence of their nucleoli, Two additional cases are listed. The thickened superficial layer of flat­
graded 0 to 2; and relative thickness of the 
epithelium, from the surface to the hase of first (case 9) was of questionable diag- tened celhs as in the keratinized cases. 
the basal layer, measured with an eyepiece! nosis and indeterminate response. This was also the only lesion lacking a 
reticule under a 40-power lens (where There were only two to four small, granular cell layer, composed of baso­
keratinization was extremely thick, the superficial "bubbles" temporally and philically stippled cells located be­
keratin and remaining fractions were mea- normal-appearing conjunctiva nasally tween the keratin and wing-cell

sured separately). All histologic sections on presentation. Response to therapy layers, which was prominent in all the
 
were reviewed by one of us (W.R.G.). Sta- was equivocal, but both eyes had clas- others (Fig 2 through 5).

tistical analyses used the Student's I test. sic Bitot's spots develop ten months Surface and intrakeratin bacteria,


Specimens designated for ultrastructur- later. Presumably, this pretreatment almost always Gram-positive acilli,
al examination were additionally divided. 
For transmission electron microscopy, os- biopsy specimen represents a high- were present in four of the eight
mium tetroxide postfixation, dehydration risk case, with either mild early temporal lesions, usually as a light
in graded alcohols, and embedding in an involvement or old healed disease, and scattering, but occasionally in focal 
epoxy resin were followed by semithin biopsies were done on both the tempo- clumps (Fig 2). 
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Fig I.-Case 10,Eleven-year-old boy with clinically normal conjunctiva and normal serum vitamin A levels. Top left, 

Light microscopy of conjunctiva from area adjacent to temporal limbus is normal with respect to nonkeratinizing 

stratified squamous epithelium of five to eight cell layers and underlying stroma without inflammatory cell infiltrate 

(Brown and Hobbs stain, magnification x 825). Top right, Light microscopy of conjunctiva from inferonasal 

complement of goblet cells (at extreme left and right; hematoxylin-eosin, magnificationquadrant shows normal 
x 825). Bottom, Transmission electron microscopy of inferonasal bulbar conjunctiva shows epithelial cell-free 

have numerous microvillus projections of plasma membrane and cytoplasm devoid of ksratohyalinesurface to 
granules (x 16,700). 

Parakeratosis was not conspicuous, 
although acanthotic thickening of the 
epithelial layers was commoin. This 
Was accoipan ied by a solmewhat 
irregular maturational :,equence, with 
mil to imoderlate disorganization of 
the hasal layer in six cases and larger 
cells and nuclei with prominent 
nucleoli in seven cases (Fig 2 
through 6). 

A mild chronic inflanm matorv cell 
infiltrate was Ipresent in the suhistan-
tia liripria of three cases (Fig G). 

(olet cells wer(' not d(,tected in 
any of the sections, including those 
friom the equiiw''al and comtrol iasis. 

Pretrealtment hiopsy speci mens 
from the inferonasal quidrant, the 
area said to contain the greatest con-
centrationi of' goile t cells in the 
normal iye,' were available from six 
responsive patients and the normal 

2016 Arch Ophthalmol-Vol 99, Nov 1981 

control. While the area adjacent to the 
nasal limbos was clinically abnormal 
in four cases, the inferonasal quad-
rant itself had appeared noirmal in all 
but one (case 7). In the latter instance, 
the whole of the conjunctiva was 
xerotic. Except for that single ad-
vanted case changes tile(Fig .1), in 
inferonasal areas were milder than 
their temporal counterparts, with only 
minimal keratinization, thinner epi-
theliui, and alisence of granular cells 
and iitrakeratin hacteria (compare 
Fig, 2 and 5). lowever, goblet cells, 
abundant in the normal control (Fig 
1),were abiselnt. 

Posttreatment Responsive Cases 
Temporal hiopsy speci inens were 

oitained from the 0opposite eye of'I 
three responsive patients seven days 
after treatment (Table 2). Before 

therapy, two patients (cases I and 4) 
had had foamy Bitot's spots in that 
location, and the other (case 3) had a 
large xerotic patch. At the time of the 
posttreatment biopsy, all had im­
proved clinically: case 1 had only a 
small patch of xerosis, case 3 had a 
few isolated superficial bubbles, and 
case l looked entirely normal. In com­
parison with the pretreatment biopsy 
specimen of the other eye, the keratin 
and granular cell layers had disap­
peared in two cases, with return of sur­
face microvilli (Fi 3and 7), whereas in 
the oither (case 1), a ttbn keratin and 
granular cell layer appeared, po ssilbly 
reflecting a diff'erence in sampling or 
initial histopathologic changes in the 
two eyes (Fig 6). The hasal layers were 
better orgalized, the size ofI' the eells 
and prominence of" their nucleoli were 
reduced, and the epithelium thinner in 
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Fig 2.-Case 6. Sx-year-old girl with foamy Bitot's spots in each eye. -'retreatment biopsy specimen of temporal 
conjunctiva (right eye) Top left. By light miroscopy, heavily keratinized surface overlies prominent granular cell 
layer. Keratohyaline granules (circled) are most numerous in superficial cells. There is moderate disorganization of 
basal layer with irregular maurational sequence of enlarged cells with prominent nuclei (hematoxylin-eosin, 
magnification x 825). Top right. Transmission electron microscopy resolves bacterial forms (small arrowheads) 
adherent to notably keratinized superficial cells with underlying ce.lls containing large keratohyaline granules (large 
arrow) ( x 16,700) Bottom left. Scanning electron microscopy of conunctival surface showed several desquamat­
ing keratinized epithelial cells ( x 2,000). Bottom right, Higher-magnification scanning electron microscopy of three 
adjacent superficial cells resolves adherent debris (possibly bacterial) with absence of surface microvilli 
( x 5,500). 

twotases. Later temporal iopsy sped- day 7 was still abnormal, with a thin from eight eves (ases 13 through 20) 
mens, obtained 1,1days to fiiir nmnth keratinized layer and minimal disor- of ive patients, and a nasal specimen 
after treatment (three frion patients ganization of the basal layer. Goblet was obtained from a large inferonasal 
with and two frm ases without prt,- ells, abundant in three specimens, biopsy that extended to the limbus in 
treatment specimens), were all norma: first app~eared at 1.1 days (Fig 5). one ('Table 3). 
(Fig 2and ). Golet cells were lpresent Eye 19, the fellow eye of a patient
inonly a single slpecein, obtained at Nonresponsve Cases with a unilateral lBitt's spot, was 
two) months. Troensure that these were complete- clinically and histologially normal. 

n feronasa] iolS.V specimens were y nonresponsive, biopsy spetdimens In three eyes (ases l1, 17, and I), a 
obtained seven days to three months were taken only after repeatedl treat- thick, frayed mass of keratin, inter­
after treatment from two patients m~nt had failed to have any effect mixed with bac'teria, overlay the epi­
with and three without pretreatment du 'ing a two- to seven-month period. thelial surfacee. In two of'these (cases 
sp~ecimens. Only the specimen rom Tenporal specimens were obtained 17 and 18), both with thick "cheesy" 
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Fig 5.-Case 6. Six-year-old girl with foamy Bitot's spots temporally and xerosis nasally in each eye. Top left,
Pretreatment conjunctival biopsy specimen from inferonasal quadrant (right eye) has light microscopic features of 
typical keratinizing metaplasia: k .ratinized surface, disorganization of basal layer, and irregular maturational 
sequence (Brown and Hobbs stain, magnification x 825). Compare with more severe changes evident in temporal
quadrant of same eye (Fig 2,top left). Top right, Light micrograph of inferonasal conjunctiva (left eye), on which 
biopsy was done 14 days after vilan in A therapy, includes numerous goblet cells (Dane's stain, magnification
x 825). Note that goblet cells were not apparent in temporal conjunctival biopsy specimen obtained at same time 
(compare with Fig 2, top left). Bottom, rransmission electron microscopy of same specimen confirms presence of 
several ultrastructurally normal goblet ,ells and usual complement of surface microvilli ( x 8,000). 
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Fig 6.-Case 4.Two-year-old girl with foamy Bitots spots in temporal quadrant of each eye. Top left, Pretreatment 
temporal conjunctival biopsy specimen (left eye) shows, by light microscopy, thickened superficial layer of 
flattened cells in absence of frank keratinization or granutar cett layer. Striling disruption of basat layer and mild 
chronic inflammatory infiltration of stroma are present (hematoxylin-eosin !HE], magnification x 525). Top right, 
Light microscopy of temporal conjunctival biopsy specimen (right eye) four months after vitamin A therapy appears 
entirely normal (HE, magnitication x 825). Bottom left, Transmission electron microscopy of same specimen (four 
months after therapy) illustrates normal cell membrane surface specializations and absence of intracytoptasmic 
keratohyaline material (x 16,700). Bottom right, Scanning electron microscopy of same specimen exhibits 
innumerable cell surface microvilli ( x 10,000). 

lesions, this reached large prolportionfs, lDilfetences in the histologic iJ)- cleoli wete tnore prominent and cells 
with bacteria preponderating (Fig 8 pei~t'ance' of nonreslponsive aod pre- larger in the latter (JP< .05, Ta­
and 9). (Gram-positive bacilli were ttreatment responsive lesions were l)le 4). 
present in bo0th. The specimen from minor: the magnitude of the subepi- Nonresponsive and pretreatment 
eye 17 contained (Gram-negativecocci thelial inflammatory infiltrate and responsive lesions difered in one oth­
also. Budding yeast forms were pres- concentration of surface bacteria was er respect. Pathologic changes in pre­
ent in eye 13. greater in the former, whereas nu- treatment responsive lesions tapered 
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Table 2.-Histopathologic Findings* From Posttreatment Conjunctival Biopsy Specimens From Responsive Cases 
Case Interval Subepithellal Organlznilon Epithelial Proml­and Clinical Since Granular Surface Goblet Inflammatory of Basal Thick- Cell nenceEyet Leslon* Therapy Keratin Layer Bacteria Cellsi Infiltrate Layer ness Size of Nucleoll 

Temporal1 	 B/A 7days (0) (0) 0 0 0 (3.5) (24) (0.5) (0.5)3 	 A/+/- 7 days (0) (0) 0 0 0 3.0 (18) 0.5 0.54 	 B/0 7days 0.5 0.5 0 0 (0) (4) 17 (0) (0)B/0 2mo (0) 0 0 (3/5) (0) (4) 23 (0) (0)B/0 4 mo (0) 0 0 0 (0) (4) 17 (0) (0)6 	 B/+/- 14 days (0) (0) (0) 0 (0) 3.5 (17) (0) (0)11 	 B/0 i mo 0 0 0 0 0 4 16 0 012 	 B/O 3 mo 0 0 0 	 0 0.5 4 15 0 0 
Inferonasal3 	 0/0 7 days 0.5 0 0 0 0 3.5 18 0.5 0.54 	 0/0 2mo 0 0 0 2/5 0 4 16 0 06 0/0 14 days (0) 0 0 (4/1) 0 (4) 14 (0) (0)11 0/0 1 mo 0 0 0 0 0 4 13 0 012 0/0 3 mo 0 C 0 35/7 1.5 4 16 0 0

*See text for scoring. Parentheses indicate improvement over pretreatment biopsy, where available.
 
tAll posttreatment biopsy specimens are from the opposite eye that underwent biopsy before treatment.
*Pretreatment appearance of lesion/appearance at time of posttreatmenl biopsy. A indicates conjunctival xerosis; B,"foamy" Bitot's spot; and +/-, afew tiny isolated epithelial "bubbles."
§The numerator is the total number of goblet cells observed. The denominator is the number of high-power fields surveyed. 
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electron microscopy of surface confir ,is presence of normal-appearing microvilii and microplicae (left, x 2,000; 
right, x 5,000). 
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Table 3.-Histopathologic Findings* From Conjunctival Biopsy Specimens From Nonresponsive Cases 

Subepithellal Organization Prominence 
Clinical Granular Surface Goblet Inflammatory of Basal Epithelial of 

Case/Eye Lesiont Keratint Layer Bacterlat Cellsil Infiltrate Layer Thlcknesst Cell Size Nucleoll 
Temporal
 

13/13 B 4 2 4. 0 1.5 3 20 0 0
 

14/14 B 1 2 1.5 0 0 3.5 22 0.5 0.5
 
15 B 2 0.5 1.5 0 0.5 3 40 0.5 0.5 

15/16 C 2 3 2.5 0 0.5 3 25 0 0 
17 C 4 3 4 0 1.5 3 35 0 0 

16/18 C 4 3 4 0 1.5 3 30 0 0 

19 0 0 0 0 0 0 4 25 0 0 

17/20 B 2.5 2.5 1.0 0 2 3 30 0.5 0.5 
Nasal 

0 
Inferonasal 

13/13 0 0 0 0 46/5 0 4 20 0 0 

14/14 0 0 0 0 15/5 0 4 15 0 0 
15 0 0 0 0 4/4 0 4 12 0 0 

15/16 B 0 0 0 22/7 0 4 26 0 0 
17 0 0 0 0 7/3 0.5 4 21 0 0 

17/20 0 0 0 0 20/5 0.5 4 18 0 0
 
*See text for scoring.
 
tB Indicates "foamy" Bitot's spot; and C, "cheesy" Bitot's spot.
 
tEyes 11, 17, and 18 contained a thick, frayed mass of keratin and bacteria on the surface. Epithelial thickness was measured from the Intact keratin 

surface to the base of the basal layer. 
§The numerator is the total number of goblet cells observed. The denominator is the number of high-power fields. 

15/16 B 1 3 3 0 0.5 4 27 0 

off gradually, merging imperceptibly 
with less abnormal, surrounding con-
junctiva. In nonresponsive lesions, the 
transition between abnormal and sur-
rounding normal conjunctiva was 
strikingly abrupt (Fig 10). 

Inferonasal biopsy specimens were 
available from six of the nonrespon-
sive eyes (Table 3). In contrast with 
their pretreatment responsive coun-
terparts, they were normal in every 
regard. Most notably, surface micro-
villi and goblet cells were abundant in 
all (Fig 11). In only two cases was a 
mild chronic inflammatory infiltrate 
present (Fig 10). 

COMMENT 

The histopathology of true vitamin-
A-related conjunctival xerosis was 
described in rats more than 50 years 
ago. Mori'" characterized the early 
changes as cornification of the sur-
face, formation of keratohyaline 
granules in cells below the cornified 
layer, and thickening of the epithe-
lium. He also noted that these changes 
began near the limbus, spreading 
from there to the rest of the conjunc-
tiva and that, in the absence of ulcer-
ation, bacteria did not penetrate be-
low the surface of the conjunctiva or 
cornea, 

Wolhach and Howe" were the first 
to call attention to the widespread 
nature of the keratinizing metaplasia 
induced by vitamin A deficiency. 
Using the respiratory tract of the rat 
as a model, they demonstrated that 
the process was multifocal, with new 
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islands of stratified epithelium under-
mining adjacent areas of otherwise 
viable columnar epithelium and sepa-
rating them from their original me-
senchymal support. Those investiga-
tors agreed with Mori that the pri-
mary change, in both conjunctiva and 
cornea, was keratinization, with gob-
let cells persisting for a time after this 
first occurs. In late states they noted a 
slow, slight, irregular downgrowth of 
the basal cells and the accumulation of 
mononuclear cells and lymphocytes in 
the conjunctival substantia propria. 

In a recent report, Pfister and Ren-
ner', confirmed those observations in 
the guinea pig. Using light and scan-
ning electron microscopy, they dem-
onstrated complete absence of goblet 
cells and presence of many surface 
spherules and rods, presumed to be 

bacteria. In one animal, the earliest 
killed, scanning electron microscopic 
changes consistent with corneal kera-
tinization were already apparent in 
the presence of a normal complement 
of goblet cells, 

Understandably, conjunctival histo-
pathologic studies in human xeroph-
thalmia have been much more limited, 
only oc,-asionally including eyes with-
out scvere corneal involvement. The 
first detailed description of pure con-
junctival xerosis in the presence of 
night blindness was provided by 
LeLer" almost 100 years ago, long 
before vitamin A was discovered. He 
described hyperplasia of the conjunc-
tiva and notable flattening and kera-
tinization of the superficial layers. He 

also noted large numbers of bacilli, 
which later elicited much interest as 
the "xerosis bacillus.", Mayou,' ' 

studying six cases of what must have 
been true vitamin-A-responsive Bi­
tot's spots, noted that xerosis bacilli, 
and other organisms, adhered in large 
quantities to the surface but were not 
found in or between epithelial cells or 
deeper tissues. The epithelium itself 
was thickened, keratinized, and lacked 
goblet cells, but it did contain a well­
marked layer of granular cells. In­
flammatory cells were present in the 
conjunctival substantia propria. 

Less detailed reports described ker­
atinization in 14 of 15 cases of Bitot's 
spot" and keratinization with loss of 
goblet cells in 16 of 17 severely 
affected eyes with corneal involve­
ment.' 7 

Histopathologic changes observed 
in pretreatment biopsy specimens 
from our responsive cases conform 
perfectly to those earlier reports and 
our previous description of a case of 
extensive conjunctival and corneal 
xerosis." Keratinization, flattening of 
the surface cells, formation of a gran­
ular cell layer, the presence of surface 
bacteria (mainly classic xerosis bacilli) 
without deeper penetration, thicken­
ing of the epithelium, inflammatory 
infiltration of the substantia propria, 
and complete absence of goblet cells 
all have been noted previously. A find­
ing to which we perhaps bring added 
attention is the loss of definition of 
the basal layer, accompanied by 
enlarged cells and nuclei with promi­
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Fig 8-Case 15. Twenty-year-old man with prominent "cheesy' Bilot's spots thatwere nonresponsive to vitamin A 
therapy. Top eft, Temporal conjunctiva (let eye) by light microscopy shows large plaque otmaterial overlying the 
kerainized surface (ane's stain, magnification x 25). Top right, By phase-conrast microscopy, exensive 
surface keratinization, keraohyaline granule ormation, and acanthosis are scan in same specimen (paraphenyl­
enediamine, magnificaion x 750). Center, Transmission eectron microscopy of his biopsy specimen confirms 
presence of exensively keratinized superficial cells containing arge keraohyaline granules ( x 13,500). Botom 
left. Low-magniicaion scanning electron microscopy of adherent kerainized debris in his specimen shows 
mulipe aminations of devialized cellular remnants (x 2,000). Bottom right, At higher magnificaion, scanning 
elecron microscopy resolves amorphous cellular material and coarse fibrillary subsance (x 10,000). 
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Fig 9.-Cise 15. Twenty-yeat-old man with prominent "cheesy" Bitot's spots that were nonresponsive to vitamin A 
therapy. Led, Higher-magnification light microscopy of temporal conjunctiva shown in Fig 8 resolves composition 
of adherent superficial material to be, in large part, massive accumulation of Gram-positive bacilli (Brown and 
Hobbs stain, magnification x 1,300). Right, Transmission electron microscopy of this tissue shows numerous 
bacterial profiles interspersed among keratinized squames (K) ( x 24,000). 

nent nucleoli in a somewhat irregular 
maturational sequence. In no cases did 
we note formation of rete pegs, as 
described in the guinea pig'2 an(l in a 
single human case of keratomala-

" 
cia. 

Corresponding pretreatment biopsy 

specimens from patients with clinical-
ly normal inferonasal quadrants 

showed the same Changes as tile 

lesions themselves, although to a mild-
er degree. Especially interesting was 

the conplete ahsence of gol)let cells, 
since this is an area of the conjunctiva 
in which these (ells usually are found 
itt alutln(lance.' This sane observation 
was lade by Sullivan et al'" about two 
alcoholic patients with corneal ulcers 
and in our earlier report" of isolated 
vitamin A deficiency in an otherwise 
healthy 22-year-ohl woman. 

Sauter" reported that goblet cells 
also are rare or absent in African 
children with conjunctival xerosis. 
However, unlike our patients, their 
epithelium was extremely thin and 
atrophic, a change that was said to 
persist after treatment and clinical 
cure. 

More enlightening were the find-
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Table 4.-Mean Histopathologic Atterations in Conjunctival Biopsy Specimens of 
R-eistphoiegand eonsin Torcal sionsy
 
Responsive and Nonresponsive Temporal Lesions S 

Keratinization 
Granular layer 
Surface bacteriat 
Subepithelial inflammatory infiltratet 
Organization ofbasal layer 
Cell sizet 
Prominence ot nucleolit 

*Rounded to nearest tenth. 
tDifference statistically significant at P < 05. 

ings in our nonresponsive cases. The 
histopathologic changes in the lesions 
themselves were essentially identical 
to those of the active vitamin-A-re-
sponsive variety. Minor differences, 
eg, the greater degree of subepithelial 
inllammatory infiltration antd higher 
concentration of surface tacteria (in-
cluding budding yeast forms in one 
case), among nonresponsive lesions 
may simply reflect their great chron-
icity. One other difference was proba-
bly of greater importance. Among 

Responsive Nonresponsive 
(n 8) (n 7) 

Mean* SE Mean* SE
 

2.0 0.33 2.8 0.46 

2.3 0.40 2.3 0.34 
1.0 0.44 2.6 0.51 

0.3 0.13 1.1 0.28 

3.2 0.21 3.1 0.07 

0.6 0.16 0.2 0.10 

0.6 0.16 0.2 0.10 

nonresponsive cases, the pathologic 
process was sharply limited to the 
area of the lesion itself; the transition 
between alnormal and surrounding 
normal conjunctiva was abrupt, and 
biopsy specimens of the inferonasal 
quadrant disclosed perfectly normal 
epithelium with abundant goblet cells. 
The lesions were just as localized, din­
ically, in responsive eyes. However, 
the histopathologic changes were gen­
eralized, apparently affecting all of 
the conjunctiva; notably keratinized 
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Fig 10.-Case 17. Thirteen-year-old girl with nonresponsive foamy Bitot's spots. Top left, Light microscopy of 
temporal conjunctival biopsy specimen (right eye) exhibits abrupt transition (arrowhead) between abnormal heavily
keratinized surface (right) and more normal adjacent conjunctiva (left) (Dane's stain, magnification x 825). Top
right, Another section from same specimen similarly demonstrates by light microscopy abrupt transition between 
normal epithelium (left) and abnormal epithelium (right) with keratin, granular cell layer, and irregular maturational 
sequence (PAS, magnification x 825). Bottom inset, Phase-contrast photomicrograph of inferonasal conjunctiva
illustrates similar epithelial features, plus chronic inflammatory infiltrate of the stroma, preponderantly composed of 
plasma cells (circled) (paraphenylenediamine, magnification x 750). Bottom, Transmission electron microscopy of 
area circled in inset shows clustered plasma cells with typical nuclear and cytoplasmic features ( x 9,500). 
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Fig 11.-Case 17. Thirteen-year-old girl with nonresponsive foamy Bitol's spots. Inset, Inferonasal conjunctiva (left 
eye) by light microscopy appears normal regarding absence of surface keratinization and presence of numerous 
goblet cells (hematoxylin-eosin, magnification x 825). Main figure, Transmission electron microscopy of area 
illustrated in inset discloses epithelial cellswith-usuaf surface membrane projections and devoid-of keratohyaline 
material. Three goblet cells shown are similarly unremarkable, with secretory granules of various electron density 
and reticulation ( x 9,500). 

epithelium of the lesions merged 
gradually with less severely affected 
surrounding conjunctiva, while milder 
but definite keratinizing metaplasia 
with loss of goblet cells was noted in 
the inferonasal quadrants. 

In the only other histopathologic 
study of nonresponsive Bitot's spots 
of which we are aware,' the findings 
were similar; the lesions themselves 
varied from simple hyperplasia to ful- 
ly developed, stratified squamous 
metaplasia with total loss of goblet 
cells, while the goblet cell population 
of the upper fornix was said to be 
normal in appearance and number, 
The authors concluded that Bitot's 
spots were not caused by vitamin A 
deficiency and that one must look 
elsewhere for their origin, 
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Our interpretation is different. 
Cases of conjunctival xerosis and 
Bitot's spots in the absence of vitamin 
A deficiency and failing to respond to 
vitamin A therapy are well docu-
mented... However, vitamin A defi-
ciency is the only well-established 
cause of conjunctival xerosis and 
Bitot's spots in otherwise normal 
eyes.' .7 The cause of presumed non-
vitamin-A-related lesions has never 
been elucidated. We recently de-
scribed responsive and nonresponsive 
cases in the same general pupula-
tion.7." Of these two groups, the non-
responders were significantly older, 
claimed to have had their lesions 
longer, and were more likely to recall a 
previous xerophthalmic episode, all of 
which suggested that their lesions 

could represent sequelae of past 
xerophthalmia. In addition, almost all 
(16/17) nonresponsive lesions were 
located in the temporal quadrant, the 
single eye with a nasal lesion contain­
ing a temporal one also. This predilec­
tion for the temporal site was shared 
by responsive lesions. Temporal le­
sions were present in every responsive 
abnormal eye, nasal lesions in only 
two thirds; temporal lesions often 
were more conspicuous, never less so 
than their nasal counterparts; and the 
temporal lesion often was the slower, 
never the quicker, to heal. In fact, in 
five responsive cases, there was rapid 
disappearance of all nasal lesions and 
improvement in the temporal ones, 
although the latter persisted to some 
degree for at least three to five 
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months. In one instance the temporal 
lesions eventually disappeared entire-
ly, only to reappear several months 
later while serum vitamin A levels 
remained well within the normal 
range. Similar instances of waxing 
and waning of temporal spots were 
noted by Sinha and Bang:-' in a vita-
min-A-supplemented population. Im-
portantly, Bitot's spots in previously 
normal children continued to arise 
among placebo recipients but not 
among vitamin A recipients. In this 
instance at least, vitamin A supple-
mentation prevented the development 
of seemingly non-vitamin-A-related 
Bitot's spots. It seems in some per-
sons, because of age, chronicity, expo-
sure, or other (as yet undetermined) 
factors, keratinizing metaplasia in-
duced by vitamin A deficiency in the 
temporal (and rarely nasal) quadrant 
persists long after the initial stimulus 
has been removed. 

Partly on the basis of their similar 
appearance on slitlamp examination, 
we suggested that there was little 
reason for diirerentiating between 
conjunctiv".l xerosis and Bitot's spots, 
the two representing variations of the 
same basic process. Our clinico-
pathologic correlations stipport this
conclusion. Only a single case of con-

I. Snell S: On nyctalopia with peculiar appear-
ances on the conjunctiva. Trauns Ophlathlmol &11" 
UK 1881;1:207-215. 

2. Oomen IIAI'C: An outline of xerophthalmia.
Int Ree Trip Mcdi1961;1:131-215. 

3. Rodger FC,Saiduzzafar II,Grover Al),et al: 
A reappraisal of the ocular lesion known as 
Bitot's spot. Br 1Nur 1963;17:.175-.485. 

4. Darby W.J, McGanity W.I, McLaren )S,et 
al: Blitot's spots and vitamin Adeficiency. Piublic 
lealth Ricp 19CA0;75:738-7,13. 

5. Kuming lS, l'olitzer Wm: Xerophthalmia
and protein malnu .rition in Hantu children, li .1 
Ophthulitil 1967;51:619-665. 

6. Vitamin A ilficiincy am .VrophtJlaIntio, 
report of a joint WIIO/U1SAII) (World 1 ealth 
Organization/US Agency for International De-
velopment) meeting. (;(neva, World Ilalth 
Organization, 1976, Pp D,21. 

7. Sommer A: Nutntionul Blindness:Xcroph-
thulini and Kermifuiunuhcia. Oxford, England, 
Oxford University Press, to be published.

8. Sommer A, Emran N, Tjakrasudjatma S: 
Clinical characteristics of vitamin A responsive 
ani nonresponsive Ilitot's slts. Am .1 Olphthtl-
mol 198090:16O-171. 

9. Kessing SV: Mucus gland system of the 
conjunctiva: A quantitative normal anatomical 

junctival xerosis was studied, but its 
histologic appearance and that of the 
one previously reportedN were indis-
tinguishable from the vast majority of 
Bitot's spots. The surface of two of 
three cheesy Bitot's spots, however, 
was composed of massive, compact 
congregations of xerosis bacilli and 
frayed keratin. It is likely that the 
bacilli find dead keratinized cells to be 
an excellent culture medium. We 
applied gentamicin-bacitracin-poly-
myxin B ointment six times daily to 
one eye of a patient with bilateral 
nonresponsive cheesy spots for two 
weeks, with only slight retduction in 
the thickness and extent of the sur-
face material (unpublished data). 

Finally, we have documented the 
rapid histologic resolution that follows 
administration of vitamin A. Definite 
improvement was noted in responsive 
lesions within seven days of treat-
ment, all subsequent specimens being 
normal. Goblet cells, however, were 
slow to return, first appearing in an 
inferonasal specimen at two weeks 

and in temporal specimens at two 
months, confirmi'g our earlier obser-
vations" and those of Stillivan et al.' 
Since vitamin-A-responsive punctate 
keratopathy, the earliest known cor-
neal manifestation of vitamin A defi-
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