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a Corneal tissue from five eyes of 
three children with active xerophthalmic 

keratopathy and stromai loss was studied 
histopathologically. Stromal dissolution 
was strikingiy focal, sometimes occurring 

beneath an Intact epithelium and often, 
though not always, a.-companied by 
extensive Inflammatory reaction and bac-
teria. 

(Arch Ophthalmol 1982;100:953-963) 

At least a quarter of a million chil-
dren with xerophthalmia have 

corneal involvement develop every 
year.i A majority suffer potentiallyeiherbliningstrmalhar-oss 
blinding stromal loss: either sharp-
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Three cases of xeror 

margined ulceration, or localized or 
total corneal dissolutior.' 

3 The patho-

genesis of these changes remains 
obscure. Clinical reports suggest bac-
terial infector. while animal.Iropsy 

exper-
ments suggest chat release of proteo-
lytic enzymes by invading leukocytes , 

or regenerating epithelium play an 
important role. This report presents 
histopathologic material from three 

well-documented cases in human sub-
jects. 

METHODS 

One hundred sixty-two consecutive 

patients with vitamin A deficienty-related 
corneal xerophthalmia were studied," 
treated, and follo~vcd up at the Cicerdo 

and the Department of Ophthalmology, Harvard 
Midical School, the C',rnea Service, Massachu-

setts Eye and Ei&r Infirmary. and the Depart-
ment of (orne. Research, Eye Research Institute 
-if Retina Foundation, Boston i-r Kenyon). 

Reprint requests to Wiltner Institute. The 
.1,hns Ilopkins IHospital, 64X1N Wolfe St. Balti­

21205 (Dr Summer)., tM! 

Eye Hospital, Bandung, Indonesia, be­
tween June 1977 and September 197G183." 

Corneal tissue was obtained from a small 
proportion, either at enucleation nec­or 

(always within two hours of death). 
All corneal material was immediately 
immersed in Kurnoaky's .1% formalde­
hyde-I(7, glutaraldehyde fixative, and 
transported to the Eye Pathology Labora­
tory of the Wilmer Institute for processing 
andl examination by light, phase contrast, 
and transmission electron microscopy. 

Serum vitamin A levels were determined 
by the method of Neeld and Pearson,' 
holo-retinal-binding protein (ho',o-RBP) 
by that of Glover et a , and" transfmrrin by 
the technique of Mancini et al.Vitamin A 

an oorrl owithinte eks,asw holo-RBP within eighttwo and 
months of collection. Anthropometric sta­

tus was compared with Western stan­
dards.
 

RESULTS
 

Histopathologic material was avail­
able from five eyes of three patients 

with active stromal loss. One cornea 
contained small, shiarply circum­

lell eye. Two circun' .,ed ulcers present inferiorly. Top center end top right, Case 2, right and left 
e.es. Both eyes hp iarp-margined shallow ulcers inferiorly. Bottom left and bottom center, Same 
eyes of patient 2 c firai hospital day. Inferior Iwo thirds of both corneas are necrolic. Bottom right, 
Case 3,left eye. nolele necrosis of all but I to 2 mm of peripheral cornea. 

imic ulceration and keratomalacia studied histologically. Top left, Case I, 
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Fig 3.-Case 1, left eye. Top left, Survey light mivrroscopy of peripheral area of lesion ilustrpies sharp 

delineation of saucer-shaped ulcerated zone with intact keratinized epithelium (hemato',ylin-eosin, 

X45). Top right, Phase contrast microsco- y of corresponding area shows desquamatinr keratinized 

that is heavily infiltrated by inflammatory cells (raraphenylen­epithelium (asterisk) overlying stroma 

ediamine, X650). Bottom. Transmission electron microscopy of this area confirms presence of 

densely staining keratinized epithelium (E) plus several polymorphonuclear leukocytes in various 

stages of degranulation, phagocytosis, and degeneration. Stromal collagen (asterisks) shows great 

tibrillar disorganization and degr dation (X 13.000). 

Xerophthalmic Ulceration-Sommer et at
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Fig t.-Case 1, left eye. Top left, Survey light microscopy shows keratinized corneal epithelium 

overlying sharply delineated saucer-shaped area of stromal disintegration. Descemet's membrane is 

disrupted centrally (hematoxylin-eosin [HE], X30). Top right, Higher magnification of area circled (in 

top left) shovs edematous and keratinized epithelium covering disorgani.ed stroma that contains 

some fibroblasts and inflammatory cells (HE, X310). Center left, Light microscopy at margin of lesion 

sharp delineation (between arrows) with normal-appearing stroma to right, but withdemonstrates 
decreased numbers of keratocytes in marginal zone and stromal dissolution to left (HE, X 100). Center 

right, Phase contrast microscopy of ulcerated area (above) and normal stroma (below) shows former 

clusters of inflammatory and fibroblastic cells (paraphenylenediamine, X650).to contain numerous 
area (compare with center right) depictsBottom, Transmission electron microscopy of ulcerated 

clustered between disorganized stromal
several polymorphonuclear neutrophils and macrophages 

lamellae (X7,500). 

areaFig 2.-Case 1, left eye. Top left, Light mic-oscopy of lateral posterior aspect of affected 

emphasizes sharp delineation between normal stroma (right) and affected area (left), with latter zone 

having loosely fibrillar lamellae and numerous spindle-shaped fibroblasts (arrowheads) but relatively 

few inflammatory cells (hematoxylin-eosin, X320). Top right, Higher-magnification transmission 

electron microscopy resolves normal diameter and macroperiodicity of stromal collagen fibrils whose 

disruptee (X45,000). Bottom, Transmission electron microscopylamellar organization hns been 
resolves attenuated fibroblastic cell centrally with rough-surfaced endopl&smic reticulum, bordered by 

leukocytes (X 11,000). 

, 9
 
b I %
 

A hn r 

Xerophithalmi: Ulrpratinn--Sommer et al 256
Archl Ophthalmol--Vol 100, ,line 19R2 

http:disorgani.ed


AA - & :,.
r.- , * ,,tr. .*T , ,,- . r-% ,,, 

,. . , . ''Y ". : 

I, r.-" 

I; - . k. 

4• 1> . 

~~.: ,.. . 

"..'" 
,4' . 

lit! , 7. 

Ci(,.:I r) ]tt or* )1 k,. .i.jhf rirt'copy shoews intact. k. ri~ized e.piltieliturl tGV,: 1[00" I 

iit'lrl!riu, r.'lin,itl:; re(1,,riHt:k('le') thi uncputJIed tDy infhlmmatory cnd tibroblastic: cells 

)Ii.r( ti (' r)(,urtacet. (I-'AS, X515) Top riqht, Phase contras.tl~qqHi Hii, ;h(, 

l *.' ,iv ~ z rlqt lll')(J til ied~ql)( hliy(re~virlyilnl ;ipptc'iiil~l~'Y '5"{:r,);()[,,,i ).p)lth ill 
1 


dll-ll
)t) ,rr),'lll~nlz '.i)[-~llll*f' (J up ur(d Oes-cerri-t[' ; ilelniillne (OM) IS Ills,) app~are.nt 
HI() Ih~tl~~i ]I(IIBII. I.H(. elt.(|)llljhlll~ill!/i~lllll) .ctroIl I77I(;7)SCOpy Oft ill,; stro)lid~ (demlOnl 

,tr.Ihti, ,ii~tive3 l)t~rol,i',t (F:) p lymloplhonul(ia~r noritro'plil (PMN), and na;.crophtlaq. (M1) wittiin 

deu l h d dr)i)t " ) insitl(lhotti. ,up er tight) re, olvp5. filaimentary re:m ains of cotta e(nanditO 


lirihatilh' ltriri (, S! l)()( 

X'rophithiilmiii tUlcuratruJn -- Semrner et at 957Ar ch Oph thaltriol Vol I00. June, I902: 

http:app~are.nt


4t 

-. , ­
...' - w
•q q..,, . . ,-

,- ,,
..,-,,:. 'A ' "
 
-'.. 

F ig5 -- T l, Light m o p cornea bi specimen shows intense 
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Botmt, tightmicroscopyofcrele 

(Brown and Hopps, X 1,400). Bottom right, Transmission etectron microscopy ot degraded stroma 

Fig5--)s igher-magpnlfictio nueos Gracmneaive ainteni 

shows few fragments ot collagen fibrils interspersed among granular 
aggregates of tibrin are also prominent (X27,000). 

scribet ulcers. [he other four 

ap)peart'tl totally nevirotic: itt two, 
necrosis occurred just prior to necrojt-

s in th1e it her two, the pr-ocess had 
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Fig 6.-Case 2, lefl eye. Top left, Light microscopy illustrates stromal necrosis (airow) and 

moderately intense polymorphonuclear neufrophil infiltration (hematoxylin-eosin, X 100). Top right, 

Phase contrast microscopy of ulcerated area exhibits inlarmatory cell debris and innumerable 

tilamentous and spherical microorganisms (paraphenylenedianlile. X700). Center, Transmission 

elec:ron microscopy of this area shows necrotic inflammatory Lellular debris at left and soveral 

densely staining microorganisms at right (X10,600l). Bottom, At higher magnification, encapsulated 

filaments of approximately 0.5 pm in diameter dre evident interspersed Among cellular and 

extracellular debris (X 19,000). 

Xrophthalmic Ulceration-Sommer et at 959 
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Fi 1 Case 2 left eye Top le't. Light microscopy of corneal biopsy shows fibrinopulent exudate 

(ternaloxylin eosin. .' E')) Top rtiht. Phase contrast rnicroscopy resolves clusters of bacterial ftcrms 

(circled) within polymot phi nic lie, neutrophil- infiltrated stroma (paraphenylenediamne, X850) Bol­

torn. Transmission electron ncriiscopy of this area shows numerous diplococci within dogeneahng 

inflammatory cell. Olher polynoorphonuclear nrcutrophils are adjacent Sfroma remains as dopraded 

filamentary aggregoles. Rl ri,.ris of stromal collagien appear as dispersed filamentous aggregates 
(x9,0oo). 

Xerophthalmic Ulceration-Sommer et al960 Arch Ophihalmol--Vol t00, June 1982 
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Fig 8.-Case 3. lell eye. Left, Enucleated globe exhibits only peripheral cornea (at 
arrowheads) remaining. Iris is prolapsed c" 'trally and covered by fibrinopurulent exudate. 

Retina, choroid, and ciliary body are greu,!y detached. Extensive abscess is present in 
collapsed and partially prolapsed vitreous (asterisks) (hematoxylin-eosin, X5). Right, 
Higher-magnification light microscopy chows numerous Gram-positive cocci within vitreous 
abscess (Brown and Hopps. X1,100). 

again showed a distinct delineation 

between the normal and affected area (Fig 
:i). IIypercelhIularity (fie to an increased 
number of polymorphonuclear neutrophils 
was noted superlicially. Bacteria were not 
present in any of the sections. 

The right cornea showed total dissolu-
tion of corneal strom a and consisted of 
keratinized epitheliun, atibrinous materi-
aIl with filroblasts, iacrophages and neL-
trophils. and iris adherent to the posterior 
clorneti sur'face (Fig .11. No bacteria were 
seen. 

(Ast: 2.-Ihiring tho ten days preceding 
admission, an -year-old girl had a rise in 
bodly temperature, t hemorrhagic rash of 
her face and extremities, and "white spots" 
on both corneas. ()n admission, she was 
moderately ill and milly malnourished. 
Seruni albumin level was 2.2 g/all, and 
Iransfeirin level was 58 ing/dI,. Although 
vitamin A levels were determined during a 
period of equipmnt malffunction that 
tended it) inlhate values, hers, all run on 
the same flay, were low: 1:3 ug/dl, on 
admission, 21 pgdll, four hours after her 
first oral (lose of vitamin A, and 9 Pg/all, 
two (lays (and ain a'ditiona! oral (lose) 
later. 

The appearance (if hoth eyes was similar: 
the coniuinetivat were injected; the corneas 
were hazy, esptcially inferiorly, and both 
conta:neid a 2- to 3-ii oval, sharp-nar-
gined shallow ulcer I to 2 ini above the 
inferior linbus (('o)or Figure, toip center 
and tot)p right). Gentamicin sulfate anti 
;iolyivxin-neoiyein-liacitraini ointment 
IMycitracin) were administered live tinies 
a day to it' right eye. The lids remained 
well opposed, anti by tlie second hospital 
day, Ilit' eyes displayed minimal improv'-
ii'n t.n iday :t, slit' hiTalI, ('conilits. The 
ower 1:11v'es (If both eyes were noted to he 
exposed anod the conjunctiv, t' were white 
and quiet. 'The lower two thir'ls of the right 
cornea was yellow, opaque, ani necrotic in
appe'arance (( olor Figure, bottom left)I 

'Th left cornea was gelatinous centrally 
(Color Figure, ottom center). She (died 

within a few hours, anti hiopsy specimens 

were taken from the nasal quadrants of 
hoth corneas. 

Ilistopathologic examination of the 
right cornea showed extensive necrosis 
(Fig5) and foci of (ram-negative rods. The 

peripheral stromna was densely infiltrated 
by polynmorphonuclear neutrophils. Cen-
trally, necrotic stromna was relatively 
devoid of inflam matory cells. 

The left cornea showed a central ulcer-
ated area with near total loss of stronma. 
The superlicial margin of the ulcer showed 
prominent necrosis. An intense infiltration 
of polyinorlhonuciar leukocytes was 
present throughout the involved stronia 
(Fig I). Thinned, keratinized elithelium 
lined the cornea peri!'hral to the ulcer. 
Actinom/cit's-like organisms ere present 
in the sUp-rlicial portion of the ulcer near 
the margin (Fig 6). 

(As: 3.-This patient was a .I-year-old 
boy with a iistorv of ineasles, fever, and 
diarrhea one ionth earlier, and a red, 
tearing, photophobic left eye of two weeks' 
duration for which lie had received antibi-
oti eedrops and unknown pills and injec-
tions. Serum vitamin A level was 6 pg/dl, 
and albuiiin level was 2A g/aIL, 

On admission, the conjunctiva and cor-
nea of the right eye were xerotic. The 
conjunctiva of the left eye was injected, 
and tile cornea wIs yellow, soft, necrotic, 
and hulginog, with i a gelatin-like central 
protrusion (if vitreous or lens (Color Fig-
ure, bottom right). The peritheral 1-ni ni 
corneal-linibal ring was normal. A snmall 
hiolsy speciien \wis taken of the centrally 
perforated cornea with the use of a strict 
sterile technique; ltlt,()l IU of water-
miscibh, vitamnin A was given intranintsctt-
harly, and Iremrations were inade for eni-
cleation. K\3tie next day, a inrtilent exu-
(late had develed in ile left (.t'e, which 
was Ihen t'iniclated. 

Ilistoatlhologic examaination of the 
hi sy spteii rt, vea t tinous exu-

date with innumirable lt ymorl lion uclea r 
neutrolphils, ithis a segment of Desceiet's 

membrane and iris (Fig 7). Some areas 
contained moderate numhers of Gram-pos­cocci.
 

Tile enucleation specimen showed pres­
ervation of on'y the peripheral corneal 
stroma (Fig 8). The central 7 mm of cornea 
was absent and replaced by ectatic tissue 
consisting of firinopurulent exudate and 
iris. Epithelitim was present only in the 
periphery of the cornea and was keratin­
ied. There was an abrupt transition 
between the peripheral, relatively intact 
cornea and the librinopurulent exudate in 
the dissolved area of cornea centrally (Fig 
9). An intense polyniorphonuclear leuko­
cytie infiltration in this area accompanied 
numerous diilococcal bacteria. A virtreous 
abscess also contained(I: ram-positive cocci 
(Fig 8). 

COMMENT 

Our data confirm, histologically, 
unique aspects of corneal dissolution 
in human xerophthalmia. Ore of the 

most striking characteristics of 
xerophthalmic ulceration is its sharp­
ly focal nature..' In each of the five 

specimens studied histologically, the 
transition between normal and abnor­
mal stroma was remarkably abrupt. 

Clinical reports suggest that xe­
rophthalmic dissolution may proceed 
beneath an intact epithelium.--'-"-S 
Wason" reported similar changes in 
the vitamin A-deficient rat. Histo­
pathologic changes in one of our sub­
jects support these clinical observa­
tions. Areas of stromal diss-crution of 
both the ulcerated left cornea and 

necrotic right cornea of the first case 
were covered by epithelitm. Since 
healing had already begun before the 
biopsy specimens were obtained, it is 
possible that in areas where the epi­
thelium is thinned, it had been absent 
when necrosis originally occurred. In 
other areas, however, it is thickly 
keratinized. In at least one area of the 

ulcerated left cornea, destruction was 
more severe posteriorly than anteri­
orly, with rupture of Descemet's 
membrane despite the clinical appear­
ince of a deep, intact anterior cham­
ber. Collagenases released by regener­
ating epithelium I'" would not explain 
this pattern of stromal loss, suggest­
ing that interruption of the epithelial 
iag ta nteti ntf thepitial 
hyer may not be essential to initia­
tion of corneal melting in xerophthal­
mia. 

Piriet has suggested that collagen­
ases anti othei proteinases released by 
infiltrating Ieukocytes'-'1 may be 
responsible for corneal melting itt 
xerophthalmia. Seng and co-workers2' 
recently demonstrated that when cor­

neas are exposet to a thermal burn, 
those from vitamin A-deficient ani­

mals became mcre heavily infiltrated 
by polymorphonuclear neutrophils, 

Xerophthalmic Ulceration-Sommer et at 961Arch Ophthalmol-Vol t00, June 1982 
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Fig 9 -- Case 3. left eye. Top left, Light microscopy of enucleation specimen shows intact peripheral 

cornea (asterisk) that is covered b,/ epithelium. Fibrinopurulent exudate (between arrowheads) 
replaces central cornea and is lined posteriorly by iris (hematoxylin-eosin. X100). Top right, Phase 
contrast microscopy of peripheral cornea confirms keratinized epithelium and inflammatory cells 
within disorganized stroma (paraphenylenediamine, X750). Bottom. Transmission electron microsco­
py discloses active polymorphonuclear neutrophl containing numerous phagocytosed dipiococci. 

Diplococci are also evident extracellularly (X 13,000). 

962 Arch Ophthalmol--Vol 100, June 1982 Xerrnph ialmic Ulceralion-Sommer et at 



produced more collagenase, and were 
more likely to ulcerate than those 
from pair-fed control animals. Al-
though several clinical observers have 
reported corneal infiltration early in 
xerophthalmic keratopathy, 2 '-2 they 
may have confused stromal edema-' 
with true inflammatory infiltration, 
Othor clinical reports suggested that 
corneal infiltration is a relatively late 

' change.-"@ Ilistopathologic studies 
of corneal necrosis in vitamin A-defi-
cient animals revealed intense inflam-
matory infiltration,1'1'- but ocular and 
periocular inflammation, early and 
prominent manifestations of xeropl, • 
thalmia in rats, are often minimal or 
absent in the human condition."'-
Smith et al' noted a lack of inflam-
matory cells in their relatively fresh 
case of keratomalacia. In our four 
eyes demonstrating recent, active 
necrosis, acute inflammatory cells 
were prominent, particularly at the 
periphery of the lesions. Two of these 


eyes, however, contained areas of 

necrusis relatively devoid of inflam-

matory infiltrate.


Valenton and Tan' found a direct 

correlation between the severity of 

corneal involvement and the frequen-

cy with which pathogenic organisms 

were recovered. Necrotic corneas of 


vit ainin A-deIicient. rats often con-

tain large numbers of bacteria.' Ilow-


1.Soitit r :. 'Tarwotjit I. I lussaini G,. it al: 

Ineitleme, Ipv alnvi., aiti s.all- if linling ital-
titritit. I.tanrc I!OM I:10171 IllS. 

p'to2. Sont niter A: ,Nittriltt l Jlj,tdotss:." i u. 

liir tini K, risoloticit. New York. IIxfuorit 
University Press 1952. 

3. Smmer A, 'Tjakrasutljitma S: o'rneal 
xerotilt halhnia atnl kerattonala'ia...h ()p thal-

tto 19S2:tII: -1II. 
1. Valenttun M, TanRV:; Si tlaty viular 

hauterial infection inhy pvitaminosis A xuroph-
thah iti-. in . /Ophlthtuutl it75:S0:673 !;i77. 

5. Iiriv A. \Verb Z.ItirhighIMC: 'tllagenase 
in tlterc plrotiiases in tilt,t rnea of tilt,reti-
nl- fit'ini rat. lht.1 ,.tNur 197 5:31:297-:311. 

t;. l'irit, A: Eti'et oif vilarih A delicitnry ot 
til-i(tiri a. I'rtus It1 thitlt l S,' IUK 
l977k, i 

7. S;ittititer A, Muiilial i1:Nut ritional status in 
rtirneal t-roplithli ia anti keratonialacia. trch 

l .).hthtlm19S2:100:399-103. 
,".Sititrter A, Tarwi'ltj I. Mithilal It. .tI al: 

ever, in several clinical studies, posi-
tive cultures were not substantially 
more frequent from ulcerated than 
nonulcerated eyes,---' and healing was 
unrelated to the iee of antibiotics.- Of 
the two early cases of necrosis in the 
present series, one (case 1) received 
systemic (loses of antibiotics. Both 
eyes of this patient and one eye of the 
other patient (case 2) received topical 
doses of antibiotics. However, the 
course of treatment was short and 
unlikely to account for the absence of 
organisms from both eyes of the 
furmer patient. No doubt secondary, 
potentially contributory infections do 
uccur, accounting for the panophthal-
mitis in the most long-standing case 
(case 3). 

The roles of inflammatory cells and 
bacterial infection in the keratomala-
cia-like ulceration of the vit,,min A-
deficient rat cornea following upithe-
lial abrasion have been recently 
emphasized."" Studies of human non-

infected corneal ulcers have (lemon-
strated the correlation between col-
lagenolytic enzymes and polymorpho-2nuclear neutrophils in tears." The 

ability of a glued-on contact lens or 
tissue adhesive alone to prevent stro-
mal ulceration in the chemically or 
thermally burned rabbit cornea is 

related to the exclisiOn of acute 
inflammatory cells.' The presence of 
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bacteria and inflammatory infiltrate 
in our patients suggests that similar 
mechanisms may be responsible for at 
least some aspects of corneal ulcer­
ation and necrosis in human xeroph­
thalmia. It is still uncertain, however, 
whether infection and inflammation 
initiate the necrosis or merely con­
tribute to it. Loss of keratocytes from 
the marginal zone of otherwise nor­
mal-looking stroma and necrosis deep 
to an intact epithelium in the left ey 
of our first patient, absence of bacte­
ria from both eyes of the same 
patient, and the relative lack of 
inflammatory cells in some areas of 
necrosis in our first two patients sug­
gest that as yet uudefined biochemical 
abnormalities consequent to impaired 
vitamin A metabolism may play an 
important role. 
Thi investigation was prearti utater citoper­

ayive agreement I)SAN-CA-02t7-931-0015 ie­
tween til of Nutrition. US ICETO M[rAgency for
Int-rnttionalOtficelev-lopient, and 
Sinenr); su iruel by reatr' gratI I?01 EY 

Oit;8SI- from tt National Eve insiulute (Mr 
t;ren ; by Avademic Investigator Award 
EYolt)i; from tit- National Eye lnstitute, 
Natonial Instittltesof lealth I by the Research to 
"revent IllintIness James S. Adatis Awari; by a 
grant-in-aid from Fight for Sight, Inw, New York; 
by tijoitedial research suplprt grant NIS 
55t71Ml05527 from th, National Eye Institute; 
and 1y thtMassaIhen. tts Lions Ey1 Itttreh
und hwe M1rKenyon 

Ila A.Ianninen gave ultrastrun'ural assis­
tat.,. 

89;;IS:I03­12. ,hlli ll .tst'ssitt/ h, NfV tritional India. Trns O()thhtil SorI; I S9,' 

Stins qI'tl' oi ,ititonl/. ;rt-iva, World Ilealth 
tlrganizat 1 l, It)221- l1. 

1:. I'illat Ali: I)'s kiratilt alacia e-xist in 
aitts? 1 tirchOjihthrrlt'l II12:2S,t-2S. 

Ii. Sweet IK.K'ang IIJ: int anatot 

se. 
.1 h. iihlI :15;1):t99-7; 1. 
s.udt%of ivitainitosi- A unlong tle ('him, til 

15. IllI'I 'E: ('lintiCal inVestigation of xerouh-
thalmnia and (lyst'ujphy in infants anid youg 
children \erlilithalu ia t lystrophiatalipgeun-
etivta. fl..1921;19:253-31 

Ifi Wasot INM:I)ltthalhnia assiuiathtl with i a 
ilietary L t \tillfat stlule vitaititi IA): Aui'l 
sttdy of tlit, I. 2t , ,;7tI:!IS-,I2.ptatlotiy. ,...) 
17.Slattsky tIll, (;Itliritr MW,[hi M.it al: 

'ltlltgena.st'ii itiial tiltiratiotis. Arch (p u ­

,:,hi;t
tiat/iol 19t9O:2:1 OS- t 
IS. l ttart 111. Kalvar X't'trrta i \'liii-

tailtrtsik A ant prohviti delicietncy. Is, .I1 t1 Si'4 
1171-11:
1972;,,: I 1. 

Mo. KEnvn KIt tritar tI M, tb-t t, I ! 1: 

itetin If s-troilal ilt-irattiiin i lt , iimali-A tilt- Prir - 9 .1 114 -011 t'tt Is114al 'vi'stls ilit sttlatr Vitallll ini1: 7 - kIriw 'dra lhbil c o or m1 1\y l~ hn :alltr ; )~5t reat l ien'tlo~f'q r H h h t L a w-c.1!11.,' 
Vn rlihontl ea'; hltu-
I'll,-rolh,of"po1(i
I'viticn r ~ .ititit ltiih ioll.tit55!1 \\tN: Mauroandl u llnlitti 'r- l i l ll | t rri-Ne ld,i iearson 

niot h}ils fotr tilt- iletiririratlion oifsertian vitamin i m VtiI tsSi 19t79;lS:; 
7t-5

7 
)s , 

\ tsitg trilluoroiat ic attl..I Vii lltl;:13;97: 51 - 20. JIlt I.-istt-Mutllhr CGriss 1: Riguilation or 
ti : E1luitl lial-strm ­collagenase prlit ,l S,'<USA,..tiurial til AIt2. I1,t, real(-(-[l h vter .roc11). G;hverrl. ,NH\1hy I,.M'uhlilal1- a: ,Micro- -lionr. No//l 

ith.filf lurIr ,ttiv assav if retir il-hinlirg o\ski .1A, Wol fG;,v'tal: Thv11TS;7: 1.117-1121.
in blood Ch' lhrla 21. Seng \VI,InIt 

197 1;50 :37 1-:,;S 0 ti,'of the rnial h u rn-Is ( 1 tilt, r a .v il
1)rohviln p]larina;, hoi 

hv (ifc.o: -O. 

fromn tivarlttS f vi itai A iliti,-hl it n utI hirtttiai 11": g nastt 't..Sr.iII. Matni-hi G. (artiitt ra Att.(if ailliglll> ItYv intllrol rl.-; h~i.st lldohho/,oliilliltitoll
hlilllilllwhllaiv~ 

singh, rioliadinl mdl's, Itl;l:l 161-1170. 

-si-ss n alivts of 

, It9ttt,/r+ 


try 19t5:2:. 5I,5I.22. Iirltirt Ii: Epi helia l e 

101. 
2:1. Kirwan Et;, Sen K. lins, N: Nutrition and 

its hearing ol IreVentatule blindness atld eyv 

diseases inIligal. illial.1 ,lt /ht.s1t13;3l:,i9­
6linicalt2. 

21. Kuting IS,I'olilz.r WM: Nerolhth+latia 
and lirtti llitalnittoruiot illit thtuchiltrer. lIt. 

fr ldh.o I li7;.1:;l)-t;ti5.ldo 

25. 'Tein Ihttesu'}lulte ,J:£utmsls 'ptIlllithls's ili 

,ht , hlesis. takarta, 
Indonesia, 196S. 
t.I .tt' tirtt Srutuul t,Iu.:-i 

S.i,. 159-211. 
2. lers I',FellsI': Reversal (if tire ctinlliia­

tiars if self-intlictl Vitamin A ilt-tlivietcy. lit".] 
it 1T;t55:21It-21L.(pbilhdihiud 


27. Mori S: IPriltL;ry ,lvtanges itt 'yes oif rats 
\\hiuh reutilt t 'utu lleli'iency of fat-solutle A in 
th (itI. ,..M. 1922;79:1917-2110. 

21,. V' thtli SB, Ihte PR: Tfissie dialiges 

f-ithuwing uelprivat itt (if far -stiiulh A vitatini. J 

'9. M '25:12:753-777. 
29'. Strtm h ItS, Farrell T, ltvilvy'f: Keratoit ala­

(ldthlttdi1975:2 1:1 21.:ilL. ih . (G t ;it: -
Via. SurS t-n - h.1),K v n , X , \Vill , I'li 

tlw1lial abrasion 11r1vcipil t,..,stroolln t ilv rt, itonR ratli n tilVitlltn A htli-t'iel crlva.Iia rst 

l73.0uttltilmIil 't,Sil tISI;20i stilil 1: 
31.IHessot M, \'a Ih rn I, M uliter .I,et at: 

Stseeplilility i tirilltal irift ititi itt Vitamoin A
itelicientrats rcart(Iun~d.--rov nventional anld 

gonoliotic conditioins. ItirsfI0)/flihthmlIt Vi Sri
1!ISI;21slS lil1:173.
 
;3 Bu rne ll.,Sv ilh L.P r a t -.i. ,,1:i : Actil,
2 . 

hllti totr ;til it'llagviast- in tears |istifvIlk opithioidl~hilllanl InitIinglcia.. -,li,rl 


.Sci9. ;21)suplqI:;.
 

Xerophthalmic Ulceration-Sommer et al 963 
Arch Ophihalmol-Vol 100, June 1982 

Printed and Published tn the United States of America 


