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Preface
 

Xerophthalnia (keratomalacia, nutritional blindness), one of the most an
cient of human afflictions, remains a major clinical and public health pro
blem. It affects individuals with liver disease, malnutrition, and a variety of 
malabsorptive states, but most acutely, depressed polulations in develop
ing countries. Half a million or more chiidren prolbaly (o velop pote;tially 
blinding corneal xerophthalnia every year and another 5 to 10 million incur 
milder forms of the disease. 

Several monographs contain chapters that address the problem. But none 
are devoted to a detailed discussion of the clinical and epidemiologic nature 
of the disease. This reflects the paucity of carefully controlled observations 
of the disease in its natural state. In an attempt to rectift' this situation and 
answer major qt,estions still hindering the development of effective inter
vention programs, an intensive, multifaceted three-year research program 
was recently concluded in Indonesia. For the first time, correlative clinical, 
biochemical, therapeutic, and histopathologic studies were carried out in 
conjunction with large-scale longitudinal, cross-sectional, and case-control 
epidemiologic investigations. By simultaneously examining many of the 
major question,; fmil, multiple standpoints, these questions can now be 
answered more definitively, and with greate" precision, than was previ
ously possible. 

The purpose of the present monograph is to make use of these unique, 
newly available data in order to resolve many of' the apparent inconsisten
cies and contradictions of' earlier reports, and to provide a comprehensive 
and up-to-date description of' neroplhthalnia, particularly those aspects 
critical to its diagnosis, treatment, and prevention. Because the Indonesian 
data are essential to the discussion, reflect techniques and approaches 
applicable to other situations, and are not readily available to many -workers 
in the field, they are presented in considerable detail. 

It is hoped that this book will prove useful to ophthalmologists, pediatri
cians, nutritionists, si.,ntists, and public health workers engaged in de
signing and implementing programs aimed at curbing xerophthalmia and 
reducing the terrible and needless toll of nutritional blindness. 

Ba'timore, Maryland A.S. 
May 1981 
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I Introduction 



1. Background
 

Never whilst 30emory !asts, can one olitetrate the mental pictures of' those 
1)itifili little bitndl o0s iMNarasminic, aali et ic ii luanity . T eir filint, 
fieeble, fretful wails ring still in ones ears today, sit nn on inlig lip visions of' 
wasted stick-like Iinbs, of distended abdomens, of dry, inelastic, sctin,, 
scaly .,kls, of hair scat tv, brittle and dry, and of siglhtless desiccated 
UVV(S. . ... 

1.1I. Elliot, 1920 

\We fI- I confident that these Cases of, xerophtlalinia reported by Modi and 
Bloch shouldn looked upon as a deficiency disease not hither to recog-
Iizcd in its trite relationshil) to diet. It is not. as these i tho(s believe, a 
"fit stai'vation" which proiuces the condition, but a,lack of the unidenti
fied dietary filcto'., Ftlt-Solhible A, which occtirs iin jnst those fiodstiffls 
whicli they obse''ed to possess ctrative properties. 

E.V. McCollimii, 1917 

One of, thle winst scandals of oti tiie is that . . . vong children go 
permanetntlv blind every year becaituse of' the lack of inuinte anuniiits of* 
retin ol in tieir-diets . Tbere is atn abiundan ct' ret in ol . . . collecting 
anl processi ng it ... to imeet the recommended intakes of' all children 
in thie wtrld woildie a ttri\'ial and clichap techti cal acliieveiient ill coin
parislln to sculding .t man to the iloin. A inuch more diflicult task is that 
of' distrihltig it to theChidren ill need ;l 1idof' eciating their mothers to 
its 'aluie. 

FAO Ihndbook ou Nutritional lequir'cmnts, 1974 

Historical development 

Clinical n:inif_'cstations of v'itaituin A deficiency are among the oldest re
corded afflictions o mankind. Reversible nightblindness was known to both 
the ancient Egyptians [1] and Greeks, as was the therapeutic value of' ani
tial li'er. It is unclear when related changes in the front of' the eye were 
first recognized, but it had cei'tainly occurred b the early 1700's when 
corneal destruction was noted fbllowing severe systemic diseases like mea
sles [2]. By 1816 the first animal model already existed: dogs "starved" on 
sugar ald distilled water de\'eloped perfbrating corneal tulcers [3], much as 
was observed in "ill-noitrished intifts" [4,5]. 1Itibbenet, [6], in a report 
that preceded Bitot's [7j but that proved to be both shorter and more pre
scient, accurately described the progression of' chronic disease from night
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blindness through conjunctival and finally corneal involvement, attributing 
it to a itilty diet. 

Blessig [8] was one of' many authors who observed the complete spec
trm of xerophthalmia duri'ing the long Lenten ftasts. Numerous reports in 
severely malnourished patients in Europe [9-13] and elsewhere [14-18] 
soon fbllowed. 

In a particularly well-documented study', Snell [19] denlonstrated the 
specific curative effects of cod liver oil oil both nightblinldness and Bitot's 
conjunctival spots. By 1892, meat, milk, and cod liver oil were being I'ec
ommended for treatment of corneal ulceration and keratomalacia [20]. In 
1904 Mori [18] published an exhaustive clinical and epidemiologie descrip
tion of llikan, as the disease wav; know'n in Japan. lie recognized the enwire 
sequence of' ocular and systemic changes; the central role played by defi
ciency of filts, particularly fish liver oils, frIom either fitilty dict or fltilty 
ab)soq)tion; the importance of diarrhea, kwashiorkor, and other contriblu
tory and precipitating events, and the specific curative powers of cod liver 
oil administered either orally or intramniscularlN. 

Shortly afterward, it was imd that animal; fed "puire" diets of' fitts, 
starch, proteiin, and inorganic salts developed iflamiatory ocular disease 
and coneical ulceration [21 -22] and ceased to gain weight. Administration 
of, certain "accessory fitctors" present in the lipid f'ractions of' milk, eggs, 
butter, and cod liver oil restored them to health [23-27]. McCollum 
termed the critical fietor 'Fat-Soluble A" [28]. Both he [29-301 and Gold
schmidt [271 associated the animal disease with human xerol)hthalmia. 
Bloch's [31-32] clinical and epidemiologic observations colifirmIed their 
supposition. Thus by 1920 the disease and its cause and cure wver'e already 
well established. It was not until miany years late," tht vitamin A was fiist 
crystallized [33] or xeroplhthalmic piltients shown to have decreased levels 
in their blood [341. 

Nomenclature 

One of' the most confusing aspects of' xerophthalmia is its terminology. Difl 
fe'ent names have been applied to the same condition, aidlmore confusing 
still, the same term hlILs been applied to difl'ei'ent conditions [35]. 

Nightblindness has been called "nyetalopia" [19] (Greek: nux, night; 
alaos, blind; ops, eye) and "hemerahpia" [6,7,36] (Greek: ln",v'a, day), 
terms which have exactly opposite meaning;. Ve will r'ef'er to it simply as 
"nightblindlness." 
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"Xcrosis': means, quite simply "diyness" (Greek: xeros). Hence "con
junctival xerosis" refters to a dry-appearing conjunctiva, and "corneal xe
rosis" a dry-appearing cornea. Diflerences arise over which clinical changes 
justify these appellations, particularly as they relate to vitamin A deft
ciency. Previous uses, and those suggested by the results of'the Indomesian 
Project, are discussed in appropriate sections. Other pathologic processes, 
by interfering with mucus or tear production, may also give rise to "dry 

eye." These are exceedingly rare in children in developing countries. Un
less otherwise noted "xerosis" %ill refer specifically to changes consequent 
to vitamin A deficiency. 

Loss of' Stroma (corneal tlickness) in vitamin A deficiency is variously 
referred to as "ulceration" or "keratomalacia." In common ophthalmic par
lance "ulcer" (Latin: ulcus) refers to any circumscribed loss of corneal sub
stance, and is therefore an appropriate description oi many forms of' ccur.w.,! 
damage encount red in the disease. Strictly speaking, "keratomalacia" 
means corneal ",oftening" (Greek: keras, ).,in; malakos, soft), but has 
come to mean the characteristically full-thickness, often limbal-to-limbal, 
necrosis observed in the severest cases, thus diflerentiating this striking, 
almost pathognomonie alteration firom the more commonplace ulceration 
seen in vitainin A deficiency and a variety of' other diseases. While there 
may be some value in continuing this practice, primarily becaus;, of' their 
diffeing prognosis fori useuli vision, it has so confused the literature that a 
recent, authoritative publication referred to xerophthalmia and keratoma
lacia as distinct and separate diseases [37]. 

"Xeroplhthalmia" is itself a purely descriptive term. In ftact, "xerophthal
nia" was first coined by Schnidt (cited in MacKenzie, ref. 4) nearly 200 
years ago as a nonspecific terim for dry eyes entirely unrelated to the nu
tritional disease undtr discussion. It has since' become synonymous with 
this mitritional disease [381. A problem still r mains in deciding which clin
ical nIanifestations justify application of' the t'rm. To some investigators, 
like Blegvad [39], xerophthahnia included conjunctival and corneal 
changes but not nighthlin dness, whil to others it meant the 'orneal 
changes [401, conjunctival changes [41], all changes except "softening of' 
the corneal tissue" [42], concomitant presence of' both conjunctival and cor
neal changes [43,44], and any manifestation of' 'itunin A deficiency, ocular 
or not [45]. We will apply the term to any ocular manifestation of' the 

disease, including nightl lindness [35,46]. 
In 1974 participants at an international confe-rence on vitamin A defi

ciency proposed :, standard classification of' xerophthalnia, which has since 
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Table 1-1. Xerophthahnia classification (WlHO, 1976) 
[47] 

Claisificaition Signs 

Primary
X1A Cnjunctival xerosis 
XIB Bitot's spot witi conjinc-tival xcrosis 
X2 Corneal xerosis 
X3A Cornea ulceration %%ith xerosis 
X3B Keratoinalacia 

Secondary 
XN Nightblindness 
XF Xeroph thainia tlndts 
XS Corneal scars 

found wide acceptance (Table 1-1) [47]. It will be repeatedly referred to in 
the course of our discussions, and modifications proposed. 

Biochemical considerations 

Detailed discussions ,4the biochemistry and metabolism of vitamin A are 
beyond the capabilities of the author and scope of this book, and tl)e reader 
is referred to Moore's classic treatise [48] and recent reviews [49-51]. A 
brief summary will prove usefil, however, in understanding the clinical 
and epidemiologic facets of xerophthalnia. 

Vitamin A is a fat-soluble substance fbund in ester form (usually as reti
nyl palmitate) in animal fbocls and dairy products. After ingestion it travels 
to the small intestines where it is hydrolyzed to the alcohol (retinol), incor
porated into mixed micelles, and absorbed into the niucosal cells. Caro
tene, the naturally occurring progenitor of' vitamin A, is synthesized by 
plants. The most potent of the provitamin A carotenoids is all-trans beta
carotene. Beta-carotene is absorbed into the mucosal cells and s,)lit into 
two molecules of retinaldehyde, most of which is promptly reduced to 
retinol. Dietary lipids, pancreatic enzymes, and bile salts play an important 
role in the intralumninal digestion and assimilation of these agents. 

Although sone retinol is absorbed directly into the portal system, most 
is reesterified, enters chylonicra, and makes its way to the bloodstream via 
the lympliatics. In the liver retinyl ester in the chylomicron remnant is 
taken up by lipocytes and probally 1)y parenchymal cells as well. During 
its uptake the ester is hydrolyzed and then is reesterifled, largely with 
palmitic acid. Retinyl pahnitate is then stored in vitamin A containing lipid 
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globules in the lipocytes and to some extent in the parenchymal cells. 
Roughly 95% of the vitamin A in the body is stored in the liver, which 
accounts for animal and fish livers being such potent sources of tie vitamin. 

Free retinol is a highly active, membrane-toxic substance, ordinarily cir
culating in extremely small amounts. Instead, retinol is released from the 
liver in combdination with a specific transport protein, apo-RBP (retinol
binding protein). The complex, composed of' a single molecule of retinol 
and a :ingle molvcIle of apo-RBP is termed holo-RBP, and in humans cir
culates in a 1: 1 m1olar ratio with prealbumnin. Iholo-RBP receptor sites on 
tirget cells bind the compl,:x. After the retinol enters tie cell the apo-RBP 
is released fron the receptor site and ultini itely degraded in the kidney. 
Interference with protein metabolism of the liver can depress RBP synthe
sis and holo-RBP release. 

Retinol's role il the visual cycle ,)f the photoreceptors is remarkably well 
worked out. It also participates in RNA and glycoprotein synthesis and is 
required fbr proper differentiation and maintenance of a variety of epithe
lial structures. But the precise mechanism by which vitamin A deficiency 
causes the conjunctival and corneal c',anges in xerophthahnia is yet to be 
determined. 

A variety o!' body tissues and biochemical techniques can be used for 
assessing vitamin A status. \Vith due consideration to the size of the sample 
and the area from which it is obtained [521, vitamin A concentration in tie 
liver is an accurate reflection of total body stores [531. But liver specimens 
are rarely available, except in autopsy material, and provide no information 
on time amount of vitamin A available to peripheral target cells. Senim sam
pes suf er neither of these limitations, but even when protein status is 
adequate to support 1BP synthesis, serum vitamin A is a poor reflection of 
liver store!;" except when these are severely depleted [54-56]. 

There are several techniques for measuring vitamin A content of serum 
[57-59]. Ordinarily total vitamin A (retinol plus retinyl esters) is measured, 
although the two can be separated on a simple column and reported indi
vidually [60-611. Unfortmnatelv, "total" vitamin A is sometimes referred to 
as retinol ,' a practice wlich should be abandoned. Although none of these 
procedures is complex, they require careful attention to detail. Results 
fiom diflerent lahoratori,,s have often varied significantly. A new tech
nique, employing high-pressure liquid chromatography [621 may improve 
reproducibility. 

Ilfmniumnoassay of retinol-hinding protein (RBP) [63-64] is a simple teci
n.que capable of' being carried out almost anywhere in the world. Unfbr
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tunately, it fiails to distinguish between RBP which is complexed mith
retinol (holo-RBP), and RBP which is not (apo-RBP). Even ill severe 
vitamin A deficiency, substantial quantities of' denatured apo-Rl BP continue 
to circulate [65-66], altlugh the "total" level of RBP will be depressed. 

Holo-RBP can he assayed independently of apo-RBP [65]. But the tech
nique is complex, and availalble in only a few lal)oratories at present. It 
probably provides the most accurate index of' the circulating level of phys
iologically active retinol, but, as will be seen.), may prove less sensitive than 
"total vit:limin A" fbr distinguishing between varioms degrees of' severe xe
roph thalmia. 

The Indonesian project 

The xerophthalmia "story" did not always tunf'old as clearly as the histoical 
outline would suggest, and numerous Controversies still exist. It was to 
settle these, and provide more precise and definitive infirnmwtion about the 
fiuctors responsible ftr the large numbers of' cases arising in the "develop
ing" areas of the world tli' the Indonesian Project was undertaken. This 
section mill serve as a brief introduction to that project. A more detailed 
description is provided in Appendix 1. 

The Indonesian archipelago contains 13,000 islands st-addling the equa
tor, ranging in size firom tiny uninhabited coral reef, to such giant land 
masses as lrian Jaya (the Indonesiani half' of' New Guinea). The present 
population, which exceeds 130 million, is concentrated on the islands of' 
Bali, Sumatra, Silawesi (fbrmerly the Celebes), Ki limantan (fbrmerly Bor
neo) and especially Java, the cultural and administrative capital. 

The peoplI are basicall% of' Malay stock. Over 90% claim adherence to 
Islam, but animistic and Ilindo/Buddhist influences are strongly f'elt and 
women often attain high social and administrative positions. Eighty-five 
percent of' the population is ru ral, living in rather large villages -without 
electricity, protected water supplies, or adequate means of' waste disposal. 
Enteric and respiratory-tract infections are thereflore comulo n. Per capita 
income in the 1970's was roughly $100 per year, hut has been rising, some
what unequally, with increasing exploitation of' oil and other mineral re
sources. Annual population growth rate in the mid-1970's was estimated at 
2.5%, but is probably fhlling in the fice of' a remarkably successfuil fimily 
planning program. In short, Indonesia has all the charactel istics of' a poor
tropical country, but is not as poor as those on the Indian subcontinent or 
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most of those ill Afilca, and has had some success in improving its people's 
lot. 

Indonesia is one of the traditional "homes" of xerophthalmia. Many of 
the local languages and dialects contain specific terms fbr nightflindness. 
One of tie earliest, most astute descriptions of xeroph thalinia came fiom 
Bandung [68] and Indones.an patients were the first to have serum vitamin 
A levels measured [34]. Large numbers of cases still occur [69-71]. 'This 
ambitious project was undertaken because skilled biociemi:.;ts, clinicians, 
and public health officials were interested in doing something al)out it. The 
early history of the project and its administrative and logistical arrange
ments have been described in detail [72]. Three major studies were under
taken. 

Study 1: L sugitudinal field study 

The first study to be initiated was a two-year, prospective longitudinal field 
investigation of 4600 preschool-age (zero to six year old) children in six 
villages of a district in Vest Java known fbr its high endemicity of xero
phthahnia. The children were reexamined every three to four months, for 
a total of, seven examination rounds. In addition to the clinical examination 
(Fig. 1-I) and recording of interval illnesses, the w ight and height of each 
child were measured (Fig. 1-2). Dietary histories were collected on all chil
dren with evidence of xerophthalmia, age/sex/ni eighloliood-matcied con
trols, and a predetermined systematic subsample of all children enrolled in 
the study. Dring the first round, blood samples were collected from these 
same abnormals and controls, and on alternate children selected for the 
sulsample. 

Studies 11/111: Ilospital-based study 

A team of' similar composition to that in Study I examined all individuals 
attending the Cicendo Eve I lospital Clinic with evidence of' xerophthalmia 
(including a history of nightblindness) (Fig. 1-3). An elaborate ocular and 
general examination was perfimed, historical, dietary, and socioeconomic 
data collected, and specinins obtained for biochemical and microbial stud
ies. On some, a small conjunctival biopsy was perbrmed, and the proce
dure repeated, at at predetermined interval after treatment, on the other 
eye. Final fbllow-up was obtained on all children by visiting the homes of 

http:Indones.an
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Fig. 1-1. Routine eye 
examinations in the field ~were perjrrmecl with a 
handlight. 
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Fig. 1-2. Children were 
weighed on a "'daein" (loc: I 

bar balance). 



Fig. 1-3. A "papoose )oard" 
was convenient for restrain
ing children while examin
ing them at the slitlanp 
l)iomicroscope. 

Fig. 1-4. With eflbrt, study 

~ teams in the countrywide 
survey could reach almost 

half the sample sites b% 
vehicle. 
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those who had not been seen within two months of completion of' the 
study. 

Study 11 was concerned with 162 consecutive patients having active cor
neal xeroplhthahnia. Four adIditional cases had already received both anti
biotics and vitamin A and their lesions had begun to resolve. and two cases 
with active measles had stromai lesions atypical fbr pure xerophthalnia. 
Elevcn children with active corneal disease of clearly othier etiologies were 
excluded from the study. 

All children were oflered hospitalization on a special ward where they 
received the best dietary and systemic care available. 

After stratifying the cases by severity of' corneal involvement, a subsam
ple was systematically selected for control studies. The team visited each 
of' their communities, and identified age/sex/neighborhood-maatched con
trols who were encouragzed to return to Cicendo. Sixty such controls were 
recruited, nine of' which proved, on ca'eftil examination, to have active 
xerophthalmia. The 51 clinically normal children belonged to 33 corneal 
cases. Where more than one control was available for an index case, their 
average value (fbr the parameter in question) was used fbr each paired 
comparison: fbr measurement data (e.g. serum carotene) the mean (g) was 
employed; fbr attribute data (rates) fractional rates of* positivity were cal
culated. The severity of' corneal disease among the 33 abnornmals fbr whom 
there were matched controls was similar to that of' all 162 abnomals :in the 
Study (Table 1-2). 

Table 1-2. Seve'ity of' corneal disease among all almormals 
(X2/X3) and those with *matched controls (Study 11) 

P''cent distriotion 

All almormals Abnornmils witi imatched cotrols 
Category (n = 162) (n = 33) 

1 14.8 15.2 
2 14.8 15.2 
3 3.1 3.0 
4 27.8 3.3.3 
5 3.1 0.0 
6 21.0 12.1 
7 8.0 18.2 
8 7.4 3.0 

1-3 32.7 33.3
 
4-5 30.9 33.3
 
6-8 36.4 33.3
 

Frcnn Sommer et a!. [259]. 
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Table 1-3. Therapeutic response of cases of 
cojijunctival xerosis (Study II1) 

Outcon Number 'Total 

Respondfed idthin 2 monthsi 50 
Curtd 36 
Inproved 14 

Unresponsivt within 3 months 9 
indeterminate response 24 

Inadequate early fillow- p 18 
Miscellaneous 6 

Total cases examined 83 

1. Responsive lesions include those with definite but incimplete reso
lution (improved) and those which totally disappeared (cured) follow
ing one or more doses of 200,000 IU vitamin A. 

From Sommer et al.[1011. 

Study III involved 83 consecutive cases of conjunctival xerosis/Bitot's 
spots, as well as 21 cases of isolated nightblindness. Patients were originally 
randomly allocated to receive a high (200,000 IU) or low (700 IU) dose 
capsule, all receiving an additional high-dose capsule after three months. 
Because several low-dose recipients deteriorated alarmingly, this trial was 
discontinued. 

In 50 of these 83 cases of conjunctival xerosis/Bitot's spots, the lesions 
diminished in size ("improved") or disappeared entirely ("cured") within 
two months of receiving a single oral dose of 200,000 IU vitamin A (Table 
1-3). Nine cases fitiled to respond in the slightest fbr at least three months 
after receiving two, and occasionally a third massive dose ("unresponsive"). 
In 24 patients the response was diflicult to determine: 18 had inadequate 
early follow-up; 4 low-dose recipients improved spontaneously (presumably 
on an improved diet); and in 2 patients the initial lesions were minimal and 
their diagnoses and response to therapy uncertain. 

Study IV: CoSt.1t id surey 

Three teams carried out a xerophthalnia prevalence survey in the 23 prov'
inces representing over 96ch of' the Indonesian poptulation (Fig. 1-4). The 
rural sample was an acciirate re)resentation of the rural population. The 
urban sample was limited to slums, where the vast majority of urban cases 
were thought to reside. 

P,'ocedures were similar to those employed in the other field investiga

tions. 
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Table 1-4. Age distribution of study population, Study IV (40/11) 

Age Males Ft males Total 
(years) n n n % 

0 2905 15.7 2907 16.5 5812 16.1 
1 2934 15.9 2842 16.2 5776 16.0 
2 31 ,;" 17.0 2852 16.2 5992 16.6 
3 31hd 16.8 2989 17.0 6099 16.9 
4 2835 15.3 2767 15.7 5602 15.5 
5 3237 17.5 2929 15.6 6166 17.1 
unkn.' 314 1.7 299 1.7 613 1.7 
Totad 18,475 99.9 17,585 99.9 36,060 99.9 
1. Under 6 years hut age. known or miscoded. 

36,060 preschool-age children (98% of all three months to five year-old 
children residing in 21,349 eligible households) were examined in 254 sam
pie sites (Table 1-4). 

358 children had Bitot's spots. The numbcr of matched controls avail
able, 340, was slightly smaller. Twenty-one children had active corneal dis
ease (X2/X3). Conjunctival xerosis/Bitot's spots were present in all but one 
of these. 

151 children had corneal scarring. In 47 it alnmost certainly represented 
healed xerophthalnia (XS). 

Anthropometric and dietary data were missing on 2% of all children ex
amined, leaving 35,274 children, including all abnormals, matched con
trols, and members of the random sample, for comparison. In the analyses 
of' anthropometric data these totals are slightly reduced, by exclusion of' 
individ ials on whom the \.alues were obviously in . rror (out of' range). 

Because of programming problems, dietary data (aside from breast fleed
ing) are not available on the matched controls. Dietary intake of the abnor
inals is therefbre compared to that of the random sample. The resulting 
loss in precision is likely to be small: for almost all variables on which data 
are available on matcelwd controls the results differed little from those of 
the larger group of randomly sampled children. 

A nalysis 

Because of' equipment failure and the necessity that all vitamin A analyses 
be carried out \vithin two weeks of collection of the sera, vitamin A deter
minations are not available on Study 11/111 patients for the period of' July 
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16, 1977 to January 14, 1978. Similarly, holo-RBP determinations are not 
available for the period after May 15, 1978. 

Interpretation of epidemiologic data 

Previous attempts at defining factors (individual, familial, or environmen
tal) associated with the development of xerophthalmia have often been 
hampered by the absence of suitable controls. Use of age/sex/ 
neighborhood-matched controls provides the best opportunity idenfor 
ifying those factors responsible for the development of xerophthalmia in 

some children, but not in other children living under similar conditions. 
In Study II, where the number of controls is small, paired comparisons are 
generally employed. In Study IV, where larger numbers are available, non
paired, grouped comparisons are used. Relative risks are calculated by both 
case-control and prospective methods [73--74J. 

In evaluating the presentation in the tbilowing chapters, four limitations 
to these analytical techniques should be borne in mind. 

a. An important risk iactor may be so common in the con,munity :t large 
that it is impossible to detect a statistically significant difference in its prev
alence among the finite numbers of abnormals and cases available for com
parison. 

b. Alternatively, a risk factor may be so uncommon, that although it 
contributed to disease in a significant proportion of cases at large, it was 
not present in the small numbers of corneal cases in Study II for which 
there are matched controls. 

c. While matching is an effective means of eliminating extraneous vari
ables, it can obscure the significance of factors closely associated with those 
used in the matching process. As we shall see, vitamin A deficiency has a 
strong tendency to cluster by neighborhood. Since abnormals and controls 
were matched by neighborhood, some of the factors responsible for vitamin 
A deficiency may appear less significant than they actually are. 

d. Just because a factor is associated with xerophthalmia does not nec
essarily mean it contributes to the disease. For example, protein-energy 
malnutrition (PEM) may be more common among abnormals than controls 
because PEM increases the risk of xerophthalmia; because children who 
consume inadequate quantities of vitamin A-containing fiods also consume 
little of"anything else; or because vitamin A deficiency is one of the factors 
that contributes to PEM. 



Clinical considerations: 
diagnosis, classification, 
histopathology, and 
pathogenesis 



2. Retinal involvement
 

Mal's knlowledge . . . of the vast universe which appears in the heaveus 
eaCeI light, comes ill the first place fromi the stinolation, by their light 
rays of delicately poised moleciles of' vitai in A. 

T. Moore, 1957 

The attention of the State Public Health Officials was first attracted by the 
filet that o.wung woman .... while retwrning hone at dusk. wa-lked 
straight into a well. 

S. Rao et a!., 1953 

Nightblindness (XN) and fidus specks (XF) were, respectively, the first 
and last of' the principal clinical manifestations of' vitamin A deficiency to 
be described. Despite the common practice of treating them as distinct 
and separate entities of' only marginal significance [47], they both arise in 
thl retina and probably 'eflect different degrees of impaired visual pigment 
metabolism, and they are as sensitive and specific indicators of' vitamin A 
deficiency as are the clinical signs of' the anterior segment (conjunctiva 
and cornea). 

Nightblindness (XN) 

The influence of' nutrition on scotopic vision has long been recognized. 
Physicians of ancient Egypt and Greece were fimiliar with nightblindness. 
By the 'iid of' the 19th century it was appreciated that nightllindness oc
cu ii'ed pri marily in th(- poorer strata of' society, especially during periods 
of dietary deprivation 16,75-771; was exacerbated by photic stress [78,79]; 
and could be cured by ingestion of' liver or. liver oils [6,19,80]. In filet, it 
was through their association with Iigiltblindness that xerophthahni' 
changes ()' the ,out(r'eewere first appreciated [6,7,19,791. Thus the symp
tom, and its cure, we'e recogniz(.d helbie vitamin A was discovered and 
the nature of' the bi)Rl(,ie(cal process(s understooR d. 

Fridericia's ol)servations, 181] that vitainin A was required fbr regenera
tion of' visual purple (rhlodopsin) (xplaiiied both the nultritional nature of' 
nightblindness and its exae'rl Ration by photic stress. Subsequent studies, 

primarily by' Wald and co-workers, ('lui'idated the visual cycle [821. Vita
min A combines with specific proteins, called opsins, to form the photosen
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sitive visual pigments of rods and cmes [491. Ill vitamin A d(ficiency rho
dopsin levels decline, rod thresholds rise. and nightblinldness ensues [831. 

Despite the tremendous avidity of the retina [84], particularly its pig
menit epithelium, [85-87] for retinol, impaired dark adaptatioi, appears to 
be the earliest clinical sign of vitarin A deficiency. In both vitamin A de
privcd rais [83,881 and human volunteers [89-911, elevated rod thresholds 
and nightolinidness plrecede othel ocular maniflistations of deficiency. Ihin
paired dark adaptation has proven stS(-f'4in diagnosing stl wl in ical vitawin 
A deficiency among older children and adults suff'ring from a variety of 
malahsorptive states 192-961. Even frank, often severe, nighthlindness dur
ing the second and third trimesters of' pregnancy [97-99] characteristically 
occurtis in the absence of' other stigmata of'vitamin A deficiency. 

It is likely that impaired dark adaptation occurs equally early ill young 
children. Rather than being unreliable, secondary evidence of* vitamin A 
deficiency [178], an appropriatcly elicited history of' nighthlindness can he 
highly specific for active disease.* 

As hefitting an earlier sign, hvice as many children examined during the 
first round of' Study I had a history of' niglthlincdness as had c'onjlmlctiv'al 
x('rosis (Table 2-I) [I(X)]. Mean serum vitamin A levels among cases of' 
isolated nightHlindness, isolated conjunctival xerosis, and the two CMiI

biined were significantly Itower' tim am ong age/s ex/.1ieiglf)oth'ldi-imtcheI 
controls (Table 2-2). Yet the mean se'rum vitamin A level, and proportion 
of' individuals with "'adequate" [47] ',v',ls was only slightly hiigher among 

*'lik c dwlisiol is refletv'd in the 1981 re\ision of I I()0 preva. t , riteria (Appendix 
11. 

TFahlc 2 -1. Nighlindhness and FBihot's Spots as independenlt scrteviling c'riteria 

fin. " t'rophthalnia (St'd I 

M ca'Oll sl-l'lll 

(:liial vitamin A Proportion total 

sltat i i (A gdI )2 SE eL'x.s id'ntified 

XN 27:3 13.4 0.35 8-l 
X3IB 132 12.6 0.16 -I IM 

XNaiti/t " 

XIB 325 13.1 0.31 I(Xy'; 

I, XN include%ae's with atl wilhmot vlmijuI al w'rois (XIAI. Iitot's spots. or Xil. XIi1 itil ,tidi's 
with and witlmul oil.Oth11i1hcS XN,. 

2. Sermn itain .A \ah'l s wer' 'mmailalh on :3,f 273 as of ulinihthlindness XN). 2 of 1.32 (1 5' 1 ' 
tUijumutitl %t'ii Xlli . and .4of 325 casws \%ilh cithi'r.with tBil s spots 

l:r.im Som mir Htal. 1100]+ 
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Table 2-2. Serum vitamin A level by clinical stattis (Study 1) 

Percent of indi'iduals 

Cliitca Mean SE Deficient (10-19 Adequate 
status' n ug/dl) (Ig/dl) (0-9 g/dl) /Ag/d:, (2:20 ugdl) 

XN(+), XIB(-) 174 13.9 0.45 27 55 18
 
Controls 161 17.6 0.62
 

XN(-), XIB(+) 51 13.4 0I.77 31 57 12
 
Controls 45 17.1 1.19
 

XN(+), XIB(+) 79 12.1 0.56 38 53 9
 
Controls 76 18.3 1.00
 

Iluidoin sample 268 20.0 0.48 9 38 53
 

1. XN =nighthlindneFs: XIB1=conjonctival xerosis with Bitot's spots; XN (+). XIB (+)=XN, and XIB 
coexistent in the same child.
 
Mean sernm %itamnin A and proportion of cases with "adequate" levels higher in less severe lesion: XN
 
(+), XIB (-)>XN (-), XII (+)>XN (+), XIB (+), p <.05 by linear trend.
 
)ifference in mean serum vitamin A between each g. oup of abnormals and their matched controls, 

p <.001. 
Difference in collective mean serum vitamin A of controls and random sample, p < .00I. 

Frorm Sommer el al. [100]. 

cases with an isolated history of nightblindness than among children with 
either isolated conjunctival lesions or the two combined (p < .05 by linear 
trend). Even those with levels above an arbitrarily -adequate" 20 /g/dl 
may have been abnormal. In carefully controlled depletion studies, im
paired dark adaptation has been documented at vitamin A levels between 
20 and 30 tgdl [90-91]. Furthermore, of the 210 children said to be night
blind and tested in the field 97% had grossly impaired scotopic vision 
[100]. The mean serum vitamin A level of the test negatives -was identical 
to that of the test positives (13.7 jg/dl), suggesting the parent's history was 
a more accurate predictor than our clinical test. Some children with a pos
itive history, especially those with a negative test, were said to be night
blind only afdter a photic stress, such as flying a kite on a sunny day. Dr. 
Dinesh Sinha noted the same phenomenon in W. Bengal (personal com
munication). 

If impairment of dark adaptation precedes conjunctival changes, most 
children with active vitamin A related xerosis should also be nightblind. 
This appears to be the case [101]. On the basis of their response to vitamin 
A therapy, cases of conjunctival xerosis in Study III were divided into three 
groups: those in whom the conjunctival lesions disappeared or improved 
within two months and those in whom the lesions remained unchanged for 
at least three months (refer to Table 1-3). Eighty-three to ninety-one per
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NIGHT BLINDNESS 
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Fig. 2-1. Nightblindness was more Creluqent amnong indi;';dals whose conjunctival 
xerosis disappeared or improved following vitamin A therapy than among those who 
failed to respond to treatnent (disappeared: nonresponsive, and improved: nonre-
Sponsive, each p <.(X)1 by history and examination.) Study 111. (Dramn f-om Sore
mer et al. [1011) 

cent of those with responsive lesions claimed to be nightl)lind (Fig. 2-1), 
an extraordinary proportion considering the severity of impairment re
quired befbre patients are usually aware of the prollem [90,91,102], This 
rate is considerably higher than among cases of' conjunctival xerosis in 
Study I (61%), probably because those aware oif their nightblindness are 
more likely to seek help than those who are not [791. 

Excluding two eases of retinitis pigmentosa and one of Best's disease, 21 
individuals iresented to Study III with an isolated history of' nightblind
ness. Surprisingly, only 12 (57%) had a positive test, suggesting that the 
method by which scoptopie vision was assessed in the clinic was far less 
sensitive than that in the field. Nonetheless, 67-78% of' patients with
vitamin-A-responsive conjunctival xerosis enrolled in Study III had a posi
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tive test (Fig. 2-1). This suggests that they sliffered more severe impair

nieit of scotopic vision than those with an isolated history of 
nightblindness. As in Study 1, the historv of' several children with a nega
tive test indicated that they were nightblind only after experiencing a 
photic stress. In one case this was provided by -watching too nmuich tele
vision," an interesting coiinmcitary on the disassociation possible between 
economic advancement and cultmal determinants o' vitamin A deficiency. 

Cases of, corneal involvement (Study 11) provided a strikingly similar pic

ture. l)ata on nightbli ndness were available oin 147 (91 / ) of' the cases, most 
of, the others being too yountt Ib:" parents to have noticed interfe'rence with 

scotopic vision, Fifty-seven percent (&3/147) were said to be niglitllind. The 
rate was higlie'" among those withotit stromal disease (75c vs 47% of' those 
with the disease, p < .01) (Table 2-3). But there was no diftirence in the 
proportion of' Cases in which niglh thlindmess had been noted for at least 
three weeks prior to presentation, suggesting that blepharospasin, common 
and severe in stroimal Cases, obscuredl nightbliltdiness of' more recent onset. 

This is probably one reason why a history o' nightblindness was less com
mon aiming Cases of corneal disease (Stuidv I1) than anmong Cases of' purely 
conjunctival involvement (Study III) (57c vs 89%, p < .001). Additionally, 
corneal Cases tend to be younger, hence the consequences of impaired sco
topic vision are less apparent, if' parents fitil to recognize nightblindness, 

Table 2-3. 11 istoi'v of nightllindmess among cases of active Cornieal 
xerophthalmiia (Stuldy II)1 

( Xtnnm~aI I lisnts.y 	 II istol %positive 

se 'ri t ila t" .3 w'eek Olitl ( I dav) 
Cd';tt',r]s tin +;!<, ' 

Xt'crsis 51 33 75 :1 
(I-31

lmcal 1h1ivr! 7 ,1 3,9 	 -15 
I -trosis 

Conph't Is 44 	 56 

(7-8) 

'o'tal 1-17 36 	 57 

1, St.c Chapter .I fin d.intiutti , . 
2. 	 P tjvtl r.-' %,.,ms itslegori's 1- :3,% tldicriiwt.-rosi Ii tt mlle's-1-6), .01 
3. 	 Inchid , 2 casus, wiere diration il 1ithliindi'(S ut1ct'rtiil f-t'hlidd frim mnwratir 

and dheliniminahir in ll iati nI imi i t ~ipos~iti -. a ,'3 \%cvikl. 
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their children may become sitiliciently depleted to develop corneal disease; 
and in many instances, systemic diseases cause a precipitous deterioration 
in vitamin A status and onset of corneal involvement, probably earlier in 
the course of deficiency than ordinarily occurs in uncomplicated, gradual 
depletion. Clinical assessment of' dark adaptation was not possible in most 
cases of active corneal disease. 

Imnpaired dark adaptation and nigh tblindness of nutritional origin re
spond rapidly. usually within a few hours, to administration of vitamin A 
[88,90,91,103-105]. In nearly all our cases nightblindness had disappeared 
by the next examination, usually one or two days after the initial dose of 
vitamin A. 

Fundus lesions (XF) 

At the turn of the century it was; noted fliat xeroplthalmic eyes occasionally 
contained findus abnormalities [79,106-108]. In 1922 Wright [109] de
scribed these as a fine, white mottling, resembling, to some degree, reti
nitis puiictata albescens. In 1928 Uyemura [1101 reported the first of his 
cases in which the changes disappeared fbllo\ving vitamin A therapy [111]. 

On ophthalmoscopy the retinal lesions appear to he small, discrete, 
yellowish-white (lots deep to the vessels and distributed about the 
equatorial region and periphery of both eyes [110-114] (Plate 1). Although 
they occasionally approach the disc [104,113], the lesions remain outside 
the temporal vascular arcades. On close examination they have an irregular
ap)earance suggesting mottled depigmentation at the level of the pigment 

epitheliimm, an impression supported by fluorescein angiography [10-1]. 
The more numerous the lesions the brighter and more distinct their ap

piarance and the more posterior their extent-changes related, at least in 
part. to the clromicity alid se'erity of vitamin A deficiency. In the case of 
selfinposcd dietary deprivation followedI by Fells and Bors [115], the le
sions became more numerous over time The prevalence of ftindus changes 
is more common amog cases of corneal xerosis (Study 1I)than among cases 
of \itamin-A-reslonsiv-e conjunctival xerosis (Study II); in both cases prev
alence increases with age (Fig. 2-2). Teng's [116] results similar: lewere 
sions were more common among patients with concomitant nightblindness 
and conjunctival xerosis than among those with nightblindness alone, the 
prevalence rising to a plateau by age ten. 

In most instances the lesions ittde or disappear within one to three 
months of' vitamin A therapy (Plate 2) [104,110,111,113,114,116]. They can 
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Fig. 2-2. Xerophthalhic retinopathy was more prevalent among cases of corneal 
xerosis than among cases with plurely vitamin A responsive conjunctival xerosis. It 
was also more prevalent in those tiburyears and older than in younger children (fbr 
conjunctival xerosis, p <.01; for corneal xerosis, .1 >1)>.05). Fine, peripheral le
sions of questionalle significance were present in three additional children with 
conjunctival xerosis (ages 2, 3, and 4 years) and one with corneal xermsis. Studies 
I/Ill. 

also recur, probably with greater alacrity than the initial episode. A 24
year-old othervise healthy well-nourished woman presented with night
blindness, severe conjunctival and corneal xerosis, and extensive retinopa
thy (Plate 1). Visual fields (measured on day 5, fbllowing corneal clearing) 
were severely constricted in a butterfly distribution that mirrored the 
shape of lesion-f'ee retina (Fig. 2-3). She received a total of 600,000 IU 
oily vitamin A, one-third parenterally and the remainder by mouth, over a 
three-day period. By day 4 nightblindness had disappeared, and by day 14 
the visual fields had returned to normal. Somewhat surprisingly, the retinal 
lesions became brighter and more distinct during this period. By two, 
months, however, they had largely disappeared, especially posteriorly 
(Plate 2), though fhint window defects were still visible on fluorescein an
giography. By the time she was next seen a year later, Bitot's spots and 
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Fig. 2-3. Top: Visual fields of right and left eyes are severely constricted in a 24
year-old Indonesian wonman five days after receiving vitamin A for corneal xerosis. 
The corneas were already clear, and vision 20/40, at the time these w'ere per
formed. Bottom: Nine days later visual fields were normal. (From Sommer et al. 
11041) 

retinopathy as florid as at the initial examination had developed in both 
eyes. Since she could not have been vitamin A deficient fbr very long, the 
reappearance of symptoms suggests either a predisposition to the retinop
athy of*vitamin A deficiency, or persistent pigmentary alterations enhanc
ing visibility of the new lesions. 

In all likelihood, retinal lesions represent disrupted outersegments of 
rods and cones and accompanying alterations in the retinal pigment epithe
lium (RPE) [104]. In vitamin-A-deprived animals, impairment of dark ad
aptation is followed by decreased prd(uction of photoreceptor outerseg
ments [117] and declining levels of the opsins of which they are largely 
composed [83,118]; degeneration of both rods and cones, beginning with 



27 RETINAL INVOLVEMENT 

the distal portions of their outersegnents [83,118-122]; and alterations and 

loss of pigluent epithelium [83,121]. The latter appears to be related to the 

inanition and generalized interference in celliilar metabolism that accom

panics severe \'itainin A deficiency, rather than to specific interf'erenve in 

visual pigment synthesis [103]. Althoughl there is a pancity of correlati'e 

histopatliologic studies [12.3], one nionke. that developed typical retinal 

lesions was fond to have degelneratecd rods, cones, and RPE [121]. In 

traumatic retinopathy, which may have a similar clinir-al and aligiographic 

appcarance [1241, retinal whitening (comotio) in owl nonkey eyes was 'e

lated to disruption of' outersegments of rods and cones and their phagocy

tO(sis b\ cells originatinlg in the RPE. Finally, functional deu'tcts and clinical 

rec( \very in man closely parallel the reparative process in experimental an

imals. 
Degeneration of a large proportion of rods and con es should decrease 

visual tIl 'slhlolds in the aflkct cd area, causing Al terations in the vislual 

fields. Although Uveintra [110], Fod's [1 12], and Teng [113] all reported 

normal visual fieids in their patients, vitanin -A-responsive constriction has 
been in ted in deficictnt sul'.,.cts [79, 125]. inc'ding two carefilly studied 

cases with fimdus lesions [104, 115]. Ili one 1104]. the defect was absolute 

and conggilent with the area of' retinal lesions. ]teco\'rv occurred in three 

stages: nigltblindluess disapp,'are'd within fioi days, pritstiimtl)IY lyecauise 

vitamin A was now availahle to regenerate rlodopsin ill outeis(egments 
lyi ng outside th, area If'struhctuiral daznoge; visual fields returned to normal 

between days 7 and 14. prolbably as still-viable rods and colles ill the af
ftc't 'I areca produIdo('( sliiciclet opslin (and omitei'segi 'nt) to support fill)c

tion: and retinal l'sions disappeared wvithin olle to thl'ee niiths its the 

listolou it alterations wo'e' r('versed. A similar time' course has been lem
oistrt'l ftm' fhnctional and histologic ret'ovrv in vitamin A deficient rats 
18:3,103.1201. 



3. Conjunctival involvement 

(These spots) e 0ema pat!iogno onic sign ofnightblindness to Ine as 
litn of the liwil(irolopia patients was without them. 

C. Bitot, 1863 

Taking allth( availhIle ('videl'ie into consierat iolit S(elliS highly ull
likely that a primary vitam in A deficiency gives rise to Bitot's spots. 

F.C. lodge's, 1963 

None of the clinical signs ofxerol)hthalnia has elicited as much controversy 
and CoinfiisioO as those of the conjunctiva. In large part this reflects three 
separate influences: historical accident; tho desire to identify' earlier, sub
tler evidence of disease; and the inconvenient filt that some of these 
changes are encountered in the albselie of' active vitamin A deficiency. 

Partially through conv'enience and partially by accident, "Bitot's spot"
acquired an identity all its own. By the early 1800's, conjunctival xerosis 
had already been described among patients with severe liver disease [4],
though these observations were not widely kno\vn accepted until Bassor 
[126] published his treatise on "Oplhthalmia -lepatica" many years later. A 
similar ftite befill -lubbenet. In 1860 [6] he described progressive epithe
lial of the coiunctiva and cornea in ill-ft'd nightblinddryness and scaling 
soiliers that responded to ingestion of beef liver. Instead of* receiving ac
knowledgment as the landmark observation it was, his report was largely 
ov'rlooked by his contemporaries. 

In 1863, Bitot [7] described localized silvery-white fbainy conjunctival
lesions in nightblind but othler\wise healthy children, and three years later 
von (;raeft [9] reported conjunctival xerosis and corneal destruction ill clil
dren sulfiring Crom encephalitis. Von Graefe's Iitilure to recognize the con
nection between Bitot's "hemerolopic spot" and his own cases was cred
ited, as long ago as 1883 [121, with fostering an artificial division between 
these two clinical presentations. Despite subsequent reports suggesting 
that they represented the same condition [8,18,20,31,76] the dichotomy 
has largely persisted. 

The situation has not been helped by doubts cast upon the significance 
of' Bitot's spot. 

Bitot claimed thaat his spots invariably preceded or accompanied night
)lindness, and that nigbtblindness never occurred in their absence. Having 
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witnessed cases of nightblindness that lacked foamy spots (firom the same 
epidemic observed by Bitot), Netter [127] disagreed, concluding the two 
had nothing to do with one another. Subsequent obsevations 
[8,17,18,20,76,106,128-130] largely confirmed that the two conditions Ire
(Itiently coexist and [19] respond to cod liver oil. 

By the turn of, the century the association between nightblindness and 
Bitot's Spots had become widely accepted [12]: both seemed to arise from 
a deficiency of' Fat Soluble A [32]. More recent work has reopened the 

issue. Bitot's spots have been repeatedly observed in the absence of' clinical 
or biochemical evidence of' vitamin A deficicncy, and fidiled to respond to 
its administration [35,41,45,105,131-143]. Subjects enrolled in human de
pletion studies have tfiiled to( develop Bitot's spots [89-91,144], and pa
tients with classical corneal involvement are sometimes free (f typical 
foamy lesions [115,136,145-150]. Therefbre, a number of investigators have 
concluded that Bitot's spots may not be related to vitamin A deficiency 
after all [131,133,135,137,138,140,142,143,151], and WHO now recoIn
mends that only those Bitot's spots accompanied by conjunctival xerosis be 
accepted as valid evidence of' vitamin A deficiency [47]. 

As will be seen, most of these apparent contradictions can be resolved, 
and a reasonably coherent picture of' conjunctival involvement developed. 

The conjunctiva in precorneAl xerophthalmia 

Clinical and histopatlhologic changes 

Becus'eSsertm vitamin A levels in subjects with and without mild xeroph
thalnia ov'erlap, the most conclusive evidence fbr a relationship between a 
particIlar lesion and clinically significant vitamin A deficiency is its re-
Spouse to therapy. As already discussed (Chap. 1) [101], typical Bitot's 
spots or conjunctival xerosis in 50 patients resp)onded to vitamin A therapy 
and in 9 did not. Those that r'esponlded did so reasonably rapidly (Table 3
1) [152]. Se'um vitamin A levels (Table 3-2) confirm that those with re
spOn~siv'e lesions were more likely vitamin A deficient. 

Tbhe clinical appearance of' responsive and nonresponsive lesions was 
identical. Tlic mildest lesions consisted of small patches of' xerosis easily 
recognized by the irreg lar, granular, nonwettable appearance of their sur
fice on oblique illmination (Plate 3). Such lesions were sometimes pin
point in size. 'f tearing was copious, a deep lacrimal lake often covered, 
thereby obscuring, the irregular sinmfiuce, On retracting the lids the excess 
drained away and the spots reappeared like "sandbanks at receding tide" 
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Table 3-1. Speed of improvmcient in responsiv cases ol' 
conjunctival xerosis (Study II1) 

Duration
since Cases ( lLstcs improved 

therapy (days) t.xmined ? (74 

1-4 20 11 55 
5-7 
85--14 

2.3 
4 

28 
-1 

1(0
1WX 

15-21 3 :3 1(X) 
22-31 3 2 67 
32-62 2 2 1(X) 
1. Excludes cases already improved at an tcarlier vIainaliltionl. 

From Somer et al. [i01l. 

Table 3-2. Initial st-'' 1 vitamin A levels aniong responsive and 
unresponsive cases of ,mijunctival xerosis (Study Il1) 

1 II III' 

Crtired Improved Unrtsponsive 

Number of subjects 22 9 4 
Man Vit. A 13.5 10.1 29.5

(Ag~dl) 
SE 1.47 2.10 4.17 

1. 1 plus II %sIII, p<.AXH 

Irmn Sommeur vt al. [1011. 

[46]. Slit-lamp examination revealed small epithelial "bubbles." Some 
larger (fbeal) lesions had a similar appearance (Plate 4), while others, likely 
the equivalent of "acute" and "chronic" spots of Nicholls and Nimnalasuriya 
[153] and "pearly" and "mucoid" spots of Rodger et al. [1371 were covered 
by a foamy (Plates 4-7) or cheesy (Plates 6 and 8) looking substance. This 
material was easily removed with a cotton-tipped applicator revealing, in 
every instance, a typ~ically xcrotic base below. 

H-istopathologie studies [ l~t] confirm these clinical observations. Nine 
responsive and eight nmon responsive lesions were biopsied (Table 3-3). All 
showed evidence of' typical keratinizing squallious metaplasia (Fig. 3-1 to 
3-3): a thickened, superficial layer of flattened cells almost always contain
ing a keratinized sulrihee; a prominent granular cell layer; acanthotic thick
ening accompanied by an irregular matir'ational sequence with mild-to
moderate disorganization of the basal laver and enlarged cells and nuclei 
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Fig. 3-I.Top left:By li Ii microsc(py, pretreatment temporal himiol)SV (right (we) 
has ipriot ilentlv ke ratittized sut tiace (Dane's, x 528). Top right: Phase-contrast 
tIlicro,cop. of :,aiiie area resolves sitefime keratimization, keratohlalie granules, 
acauthosis, and dy'skeratosis (paraphetyletediamime, × 480). Bottom ,left:Biopsy of 
temporal conjunetiva (left eye) seven days folowing vitamin A therapy' appears nor
111tioby lightimicrmscopv (Iematoxylin-eosin, x 528). Middie right: Phase contrast 
pihotomicrograph of salne area shtows decrease inepithelial thickness (cl* top right; 
p~arap~h etylemed ia me, x 480). Bottom right: TEINI (transmission electron micros
copy) of* samne areiit illustrates partial retutn of su rfilce tmem brame infhidings am,d 
mierovillam (x 10,7(X)). Study I. (From Smnuer et al. [154]) 
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Fig. 3-,2,-\ 13-yea,'-old fImah wsith n nr sp onsis , ins Bitot's spo ts. Top letS: 
ILight niicros ps o t('mpcal conjonc'ti\'a] i~psY (l'ight eye) exhibits abropt tran
si ti on ( 0 1 whIi d) lI( t vei, I e al anrmal, h ea\vi v k rnatio ize'd sortave (righit) and 
mort, nih 11,l ad Id( ( 0 ((Iij Inet isa (le Ut), (I)aiie's, × 495). To'<p Another" sect ionriglh 
from the, s-m ,s imn Usiilarlye hon~s trat s I Iylight mi croscopy th c alrupt 
transi tiolnb tw c, I il cmrial 'pithIIeli i i ( lull) and ab~o rinal epi tl eli cmi(right) wi th 
kerat in, gran ilar ce~ll hawe r, a inI ir:gi ar"I at irational se,q nu e,(PA S,× 495). 1ot
tc 1m inse: Ph ase' ((lit rast l ] c t I i)icrc graph f inftronasal co n~jon ct isa ill iistrates 

chri infl anmatcory infiltratet of thl t'trona, p~redoininant ly coinposedc of plas ma 
cells (ircetd) (pa ral)]liei vhlei ec ia iin* , x 450). li tto n: T EL ol(far'ea circe d in insetl 
reveal s li st erec plas i a cells havi g ty~pical n ciclar ailc cy tcplas inic fiat ires 

(× 5700). Studly Ill. (Froni Sonuinr ef1al. [154]) 
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'ig. 1-3. A 20-'ear-ohl nile w'ith prominent clhees " Bitot's spots that were non11

'spolilsivv(' tI vi tiiitain A therapy. Top left: leinpori c(ineiva (left eye) by light 
liciscpy showsli.1enrinu pl pie of' material overlyi ng the keratili ize(l snrficeo 1s 
Dane's, x 70). Trop) right: Byvphase contrast microscopy, extensive sorlace kherl

iiiztioilli, keratollh;ilile granle iriation, and acantliosis are se'en il the same 

pec'ilen (parlalieielied ianihin'. x 412). Middle: TEINI of* thi I iopsy specimen 

olirills presence of' k atentivelyratinized sipe rficial c'll.s coitaiiiing large kera
aliiil ne graiuiiiles (x 7-125). lBtittoiii lefti: - I ficati ii SE NI (scaning eleLow-magn 

roil llicroscop') of' adherentL keratilnized (lebris in this s.)ecillieli shliows innulil)le 
iniliatiolis of* (evitalized( cellular remnants (x 1100). Bottom rigiht: At highelr 

1igLilicaItiOlii, SENI resolves amorphlis cellular material and coarse firillar slb
tance ( x 5500). Ill. ( Someinnr et al. [1541)St i nFrom 



Table 3-3. 	Hishtlathology' of cwtfjnctival 

Clinical Gramular 
N'iLse/Eye lesion2 Kertin layer 

Pretreatment responsive cases 
Temporal
I B 2 
2 B 2 
3 A 3 
4 B 0 
5 B 2 
6 B 3 
7 B 2 
8 B 2 
94 +/- 0 
104 0 0 

Nasal
5 B 3 
94 0 0 

biopsies 

Surface 
bacteria 3 

0 
1.5 
0 
0 
0 
3.5 

1.5 
1.5 
0 
0 

0 
0 

Goblet 
cells 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

Subepithelial
inflammator" 

infiltrate 

0 
0 
0 
0.5 
1 
0.5 

0 
0 
0 
0 

1 
0 

Organization

of basa, 


layer 


2.5 
3 

2.5 
4 
3.5 
4 
3 
4 
4 

4 

4 

Epithelial 
thickness3 

34 
24 
23 
15 

18 
2.5 


33 

25 

25 
16 


24 

12 

Cell 
size 

1 
0.5 
0.5 
0.5 
0 
0.5 
0.5 
1.5 
0 
0 

0 

0 

Prominence 
of 

nucleoli 

1 
0.5 
0.5 
0.5 
0 
0.5 
0.5 
1.5 
0 
0 

0 

0 

and controls 

1.5 
3 
1.5 
0 
3 
3 

3 
3 
0 
0 

3 
0 



Unresponsive a-ses 
Temporal 
13/135 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
 
14/15 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 
15/175 C 4 3 4 0 1.5 3 35 0 0 
16/185 C 4 3 4 0 1.5 3 30 0 0 
16/19 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 
Nasil 
15/16 B 1 3 3 0 0.5 4 27 0 0 
1. Scoring: keratinization. graded 0-4; number of granular cell layers; intrakeratin bacteria, graded 0-4; number of goblet cells per high-power field; inflammatory

infiltrate in substantia propria. graded 0-4; organization of basal layer (normal=4; complete disorganization= 1); thickness of epithelium from base of basal layer, in 
reticule units; increased size of cells, graded 0-2; increased prominence of nucleoli, graded 0-2. 

2. "A" denotes pure conjunctival xerusis (XIA); "B" denotes "fioamy'" Bitot's spots; -C- denotes "cheesy" Bitot's spot. *'+/-"denotes a few tiny isolated epithelial 
"bubbles.* 

3. 	 Temporal Iesion. case 4 lacked keratin but had a thickened layer of flattened cells at the surface. 
4. 	 Case (eye) 9, probably minimal xerophthalmia; case (eye) 10. nonxerophthalmic individual with retinitis pigmentosa.
5. 	 Eyes 13. 17. and 18 contained a thick, frayed mass of keratin and bacteria on the surface. Epithelial thickness %-as measured from the intact keratin surface to the 

base of the basal layer. 

From Sommer et al. [154]. 
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with proinllent flhicleoli; complete absence of goblet cells; and in some, 
mild, chronic inflanimatory cell infiltration of the shibstantia propria. The 
sturface was firequently covered by a fi'ayed mass of keratin intermixed 
with gram-positive bacilli, other bacteria, and even fungi. In "cheesy" 
lesions, this debris sometimes reached nammoth proportions (Fig. 3-3). 
Nonresponsive lesions had a greater propensity for surficee bacteria and 
chronic in flainatory infiltration, and responsive lesions for enlarged 
cells and prominent mcleoli (Table 3-4). Similar changes have been 
rep)orted in typical lesions that were [12,104,130,155-159] and were not 
[131,132,140,142] associated with active vitamin A deficiency. Since kera
tinizing metal)lasia (and resulting "xerosis") is intrinsic to both responsive 
and nonresponsive lesions, there seems to be little point in attempting to 
distinguisli between them on this basis. 

What sets the two conditions apart is tile extent and location of com
junctival involvement. In cases \\'ith and without active vitamin A defi
ciencv, the lesions almost always in'olve the temporal quadrant of 
both eyes [7,19,96,109,130,139,140,143,153,160,161] (Table 3-5). In no 
instance iii our series did an involved eye lack temporal involvement. 
In contrast, nasal involvement is fiar more frequent in cases with 
active deficiency [7,17,19,96,101,109,130,161] than in those without 
[101,139,140,143, 153,160] (Table 3-6). When present, nasal lesions are 
often less prominent, but nevel more prominent, than their temporal 
counterparts [7, 19,35,101,109,130,142] (Table 3-7). 

Ial)le 3-4. Mean histopathologic alterations in conljinctival biopsies of 
respslllive( and nlonlresp1onlsive( temporal lesions 

Retsponsivt Nonrtsponsive 

( = 8) (o =7) 

Mean SE Mean' SE 

Keratinization 2.0 ).33 2.8 0.46 
Granular layer 2.3 0.40 2.3 0.34 
Sm'ice Iacteria2 1.0 0.44 2.6 0.51 
SuloepitI.lial iu lalm, or infiltrat , 2  0.3 0. 13 1.1 0.28 
Organization of' basal layer 3.2 0.21 3. 1 0.07 
(ell size 2 

0.6 0.16 0.2 0. 10 
Prominence of nuicl'oli 2 0, F 0. 16 0.2 0. It 

I. iotmndthd to nearest tuenth. 
2. Difofencm statistically signi.ant lt 1)<.05. 
FrvomlSolnmeelvt a. 11541. 
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Table 3-5. Binocularity of conjunctival xerosis (Xl) (Study 11I) 

Clinical ontcome 

Cured Improved Unresponsive 

Cases of conjunctival xerosis I 
numlber 36 14 9 

Cases %kithbinocular involvement 
noinber 34 12 7 
percent 94 86 78 

I. In every affected eye the temporal quadrant was clinically involved. 

Table 3-6. Proportion of eyes with conjunctival xerosis in which 
the nasal quadrant was clinically involved (Study I11) 

1 I1 Ill' 

Cured Improved Unrespwisive 

"rotal eyes (number) 70 26 16 
Eyes with nasal lesions 

number 46 15 1 
percent 66 58 6 

1. ]lfivsmsive 's lnresponsive eyes. p <.00I. 

From Sonniur et al. (1011. 

Table 3-7. Symmetry of ten~m)lral and nasal lesions ini eyes with re

sponsive conjuncti\'al xerosis (Study III) 

Nasal Temporal lesion 

lesion None XIA X1 B(F) XI 13(C) rotal 

None 4 7 28 1 40 
XIA 4 13 17 
X1IB (F)l 40 40 
XI1B (C)' 3 3 

1. XIB (F) is fbamy Bilot's siot; XIB (C) is cheesy Bitot's spot. p<.001 by chi-square distri
bhition. 

From Somner ieal. [(oll 

More extensive changes were observed in three cases, all with respon
sive disease. In two tie inferior half, and in one all of the bulbar conjunc

tiva was involved. In the latter instance severe punctate keratopathy (see 

Chap. 4) was already present. Two weeks ater receiving low-dose therapy 

this case developed frank corneal xerosis (X2) bilaterally and a small par
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axial ulcer (X3A) ill the right eye, all of which cleared on massive vitamin 
A therapy. 

it appears that conjunctival involvement outside the temporal area 
strongly suggests the presence of active vitamin A deficiency. Although
usefil when present, such extratemporal (primarilyi nasal) involvement was 
absent in over one-third of our responsive cases. 

Differences in the distribution of responsive and nonresponsive involve
ment is more apparent histologically [154]. In nonresponsive cases patho
logic changes are confined to the lesions themselves (see Fig. 3-2). In re
sponsive eves the process is generalized: although keratinization is most 
marked at the site of clinically detectable disease, similar changes are ap
parent throughout the illbar conjuncti'a. Even the epithelium of' the in
tbronasal quadrant, ordinarily packed \%ith mucus-producing goblet cells 
[162] and disease-fi'ee on clinical examination was abnormal, especially 
when contrasted with its appeara ice in biopsies fi'oin nonresponsive and 
posttreatment responsive eyes (Fig. 3-4) (Table 3-8, 3-9). These findings
are consistent with the systemic nature of* the deficienicy, the importance 
of' vitamin A fbr maintenance of, muicuis-secreting epitheliumn [163], and the 
multiorgan squanmus metaplasia that occurs in animals [164-166] and man 
[12,40,155,167] in its absence. The\, also explain Rodger's (originally puz
zling) report [1401 that conjunctiva fi'om the upper fbrinix of cases of non
responsive Bitot's spots contained numeros goblet cells. 

As al'eady" noted, conjunctival xerosis responds rapidly vitamin Ato 
therapy (Table 3-1), although complete disappearance takes longer (Table, 
3-10). In his classic report of' 1881, Snell [19], noted that most Bitot's spots
begin to resolve within fbur days of' administration of' cod liver oil, and 
disappear with in teil. Similar results have been reported by others 
[18,142,156,168]. \ith healing, the lesions shrink and lose their covering 
debiis. Befbre disappearing entirely the\, appea. as small xerotic patches 
or tiny epithelial blisters 1-2 mmlocated from the limbus. 

H ealing isuallv progresses symmetrically in the twvo eyes, nasal lesions 
tending to disappear before tempo'al ones [101, 156]. Among 6 of the 2.3
"cuired" patients in wh'lom both sites were involved, the two cleared at 
diflerent times [1011. In each instance the nasal lesion vanished first (on
the average by 15 days and 1.2 clinic visits). Among seven "improved" 
patients with both temporal and nasal lesions at presentation who were 
fbllowed fbr more than two months, the nasal lesions disappeared ill all, 
usually within one to two weeks, while the temporal lesions persisted (al
beit in much reduced fbi'm). Five of' these cases were fbllowed even longer. 
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0'*0 

Fig. 3-4. A 1:3-year-old female with i,..n'espoiisive foamy Bitot's spots. Inset: In
feronasal conjunetiva (left eve) by :giht microscopv appears normal with respect 
to albsence of siifilce keratinization and presece of n uumerous goblet cells (heina
toyliii-cosiii, x .515). Main figure: 'l'EN of ioea illustrated ini inset dliscloses epithelial 
cells having usual sorface nimembrane projections and devoid of' keratolhyaline ma
terial. 'he th1c goblet cells are similarlv on 'eiarkalble, having secretoryr shown 
granul(s of' variotus electron density and reticulation (x 6270). Study' I11. (From 
Solnumor et al. I1,-11 

In three, tiny temporal Bitot's spots persisted for at least three to five 

months. In the two remaining eases the persistent temporal lesions were 

composed of two to three tiny' blisters. In one they' resolved at five months. 

In the other, perhaps 01- most instructive of, the series, tie originally siz

able spots shrank by day 20 to two tiny temporal bubbles; at both one and 

two months the\- had grown ,nto small, classical Bitot's spots; at four 

months both eves were clear of, al ablnomalities; but by six months the 



Table :3-S. llistopathlohgyI of infterousal conjunctival hio)sies 

Case 
Mid 

vt. 
Cliniktl 
hsion2 Keratin 

Gramtlar 
lyt1er 

Sirilice 
bacte-ria 

Goblet 
cells 

Sulbepitlielial 
inflammatory 

infiltrate 

Organization 
of basal 

laver 
Epithelial 
thickness 

Cell 
size 

Prominence 
of 

nucleoli 

Pretreatmenttt revp ositc eases
2 0.5 
3 0 0.5 

0 0 
6 0 0.5 

B 2 
-S 0 

104 0 0 

and ettittrol 
0 
0 
0 
0 

2.5 
0 
0 

0 
0 
0 
0 

1.5 
0 
0 

0 
0 
0 
0 
0 
0 

15/5 

0 
0 
0 
0.5 
1.5 
1 
0 

-t 
3 
4 
3 
4 
3.5 
4 

15 
17 
24 
13 
25 
23 
13 

0 
0.5 
0 
0.5 
0.5 
0.5 
0 

0 
0.5 
0 
0.5 
0.5 
0.5 
0 

Nonresponsie
13/13 0 
14/14 0 
14/15 0 
15/16 B 
15117 0 
17/20 0 

ases 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

46/5 
15/5 
4/4 

22/7 
7/3 

20/5 

0 
0 
0 
0 
0.5 
0.5 

4 
4 
4 
4 
4 
4 

20 
15 
Y2 
26 
21 
18 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

L Scorini: see Tabhl 3-3. 
2. "B" denotes "fiomni" Bitot's spot.
3. Case s lacked keratin but had a thickened layer of flattened cells at the surface.4. Cas/ee 10 Iron nonxerophthalmic subject %%ith retinitis pigmentosa. 
From Sommernlt~ a;l. 11-54]. 



Table :1-9. Ilistopathology' of' conjunctival biopsies t'roni post-treatment responsive cases 

Casc Inteval Subepithelial Organization Prominence 
anid Clinical since Granular Surface Goblet inflanimator of basal Epithelial Cell of 

ey. 2 lesion :1 therapy Keratin layer bacteria cells infiltrate layer thickness size nucleoli 

Temporal
 
1 B/A 7 da\'s (()) (0) 0 0 0 (3.5) (24) d0.5) (0.0)
 
3 At/-/- 7 days (0) (0) 0 0 0 3.0 (18) 0.5 0.5
 
4 B/O 7 days 0.5 0.5 0 0 (0) (4) 17 (0) (0)
 

B/() 2 monfls (0) 0 0 (3/5) (0) (4) 23 (0) (0) 
B/O 4 monlts (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/() Imonth 0 0 0 0 0 4 16 0 0 
12 B/O 3 months 0 0 0 0 0.5 4 15 0 0 

Infteronasal 
3 0/0 7 davs 0.5 0 0 0 0 3.5 18 0.5 0.5 
4 0/0 2 onilths 0 0 0 2/5 0 4 16 0 0 
6 0/0 14 days (0) 0 0 (4/1) 0 (4) 14 (0) (0) 
11 0/0 1monfl 0 0 0 0 0 4 13 0 0
 
12 0/0 3 niontis 0 0 0 35/7 1.5 4 16 0 0
 

1. See Table 3-3 fir scoring. Parentheses. ( (indicate improvement over pretreatment biopsy, where available. 
2. 	 All post-treatment biopsies are from the opposite eye biopsied pretreatment. 
3. 	 Pretreatment appearance of lesionlappearance at time' of post-treatment biopsy. "A" denotes conjunctival xerosis (XIA); "' denotes "foamy" Bitot's spot; "
 

denotes a few tiny isolated epitielia] **bubbles".
 

Front Sommer etal. [1541. 
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Table 3-10. Speed with whicih conj iiilet ival xe rosis 
disappeared in cured (Study Ill)cases 

Duration since, Cases
 
therapy (days) exalifi l 'd ;l 

1-, 
 16 0 0 
5-7 21 14 67
8-1- 9 6 67 

15-21 4 3 75 
22-31 9 8 89 
32-62 5 5 IX) 
I. Exclides cases inwhich tit'lesionsdisappeartd Il antarlier txamlinatii. 

temporal I)ubbles had reappeared, despite serum v'itanlin A levels remain
ing at their posttreatment high (>25 /g/cl). 

The histologic response largely parallels the clinical (see Table 3-9). In
the majority of cases keratin and granular cell layers disappear %xithin 1-2 
weeks of administration of vitamin A. It takes considerably, longer to repop
ulate tl( conjunctiva, especially its inftr omasal quadrant, with a normal 
complement of goblet cells ('lable 3-9) [104,147,154]. 

A ssociated .tct ors 

Illaddition to the(distribution and extent of conjunctival involvement, pa
tients %%ith active vitamin A responsive lesions canl be distinguiished by a 
number ol associatd filctors. One of the most usefli is age. 

A,\.The age distributions of responsive and nol resons i.e cases were dis
tinctly diflerent (Fig. 3-5). of'tie proportion nonresponsive cases rising
f'om 3(7 amnmg children less tialn six years of'age to 60(Y( among those ten 
years and older (Fig. 3-6) (p < .001). 

Stnd I confirms, under unbiascd field conditions, the association be
tweeln active vitamin A deficiency and Bitot's spots in young children. 
Serum vitamin A he\x.Is amlong children with Bitot's spots at the timne of 
the first clinical romluld wece significantly below those of* their 
ag'/se'x/ne'iglhborhoodi tjl.d controls, and in,)"li,less than 20 g/cdl (all
w'ere below 30 /g/dl 11001 (ref'r to Table 2-2). Results (&'the therapeutic
trial initiated midway thr.iou~hi the se entli round, almost two years later, 
are ingood agreement. Childr'evn with hllaracteristic conjuincti'al lesions 
W'Vre randonily allocated to receive either a massive-dose (200,000 IU) or 
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Fig. 3-5. Individuals whose conjunctival xerosis failed to respond to vitamin A were 
considerahly older than those who respond(ed (p<.01). Study Ill. (Drawn from 
SonniitT et al. [1011) 

low-dose (7W0 IU) vitamin A capstile, and were reexamiined by the saie 

oplithahohglist, in douible-miasked fishion, two to thre'e w'eks later. The 

lesions disal)l),ared in aliost 80% of* high-dose recipients (Table 3-11). 
11h spontaliols cire hate aiong low-dose recipients was only 50/c 

(p < .05). The 80% "'ure" rate oe two to three suggests a "rel)r weeks 

spols(,' rate applroaching l00fc. It will he recalled that less than 72% of' 

plroven iresponsivec cases in Study III lost their lesiois over this same period 

of time. In Elict in two of tie eight "noncurcd" high-dose iecipients in 

Study I the lesions had originally been pr'esenit isall' and temporally, alnd 

in both cases the nasal lesions disappeared during the two to thr-ee-week 

fibllow-up. 

Results of' Shidy Ill and Rouncds I and 7-8 of* Study I are remarkably 

cosistent, and slggest that at least W0-95% of' preschool-age hidonesiai 
children with Bitot's spots slilleUr from active, clinically signiicanwt vitamllill 

A dceficiency. This suppoirts :.uggestions that Bitot's spots arc a iisfild iidex 
of \itamin A deficiency in yotng children [35,47,71,149]. Whether' the 



44 CLINICAL CONSIDERATIONS 

w loo
 
z
 
oU')go0
 

c. 80z 
09l
 

"w n=10 
cn. 60ow 
0.
 
j) 50
 

n

30
 

U) 
>2 - n=12 

z 
-
S10 
 n= 37
 z

0 

1-5 6-9 ->10 

AGE (years) 

Fig. 3-6. oThle pr-oportionl of c-,Lsts (nj(ti'lxerosis refr-actory to vitamin A 
therapy increased with age (p) b~y trend). Study 111.(Drawnlfroml Saml< .001 linr." 

mu,"et 1l.[10]]J)
 

samei is true illother countries largely depends oilthe prevalence of clini
cally ac'tiv'e vitamin A deficienc~y ill this age gi'()up a.nldthe:ir prolpensity fill 
developing tlpieal nolnreslponsiv'e lesions. 

m-res',pon.,,ivlesions relported to 
alent ill certainl parts of' India, whe're they Someltimets r(epr(:s(,nt a sub~stanl
tia] propo)rtion of' Bito)t's Spots encountered, even aniong young childr-en. 
Inl;)longitudinal study il \Vest Bengal [1411], the prevalence of Bitot's spots 
amlong presch()(l-age c'hilh'enl fluctuated betwee(n 8% and 2()l, roughly 
hal1f* representing nonr('espl'))sivc, les',ions. Similarly, almost one-thiird of' In
dianl children treated fin. conjunctiv~al xterosis at a day-care eentcr iled to 
respond to massive vitamin A over a fii-ek 

For cxmph,, no c. a.rct b~elparticularly prev

blow-lip perio~d [169]. 
Indiv'iduals with reCspon)sivet lesions would logically bete'xptected to exhib~it 

other evidenc~e of vitamin A defieic.ny, which indeed is the ase. 

http:defieic.ny
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Table 3-11. Disappearanice of conjunctival xerosis 
Ifilowiig vitainin A t erapv (Study I: Rounds 7
8) 

Treat merit
 

Diagnosis Vitamin A Plaeebo 

XIB
 
Fotal (n) 37 32 
Cur-d (n) 29 16 
Cured (17() 78 50 

)lifrereic'e in tore rate bwtweii vitamin A and placebo recipients,
;)<A05.
 

Nightblindness. Nightblindness is far more common among responsive than 
nonresponsive cases, both by history and objective assessment [101] (see 
Fig. 2-1). In 3 of 30 patients witl curable conjunctival lesions, nightblind
ness testing could not be completed: they simply sat down and cried. All 
three had a positive history and were among the youngest children exam
ined, suggesting that their lack of cooperation may have been a maniftsta
tion of imlpaired dark adaptation. 

Althouml ,me of the nonresponsive cases proved to be nightblind, three 
claimed that they were. It is possible that one or more were correct: as 
already noted a history can be more reliable than our crude test, and there 
is no reason nightbli:ldness cannot occur in someone vith a nonresponsive 
lesion. But the serum vitamin A level available on one of the three was 
reasonably normal (22 1g/dl). 

The prevalence of nightblindness among cases of conjunctival 
xcrosis/Bitot's spots varies widely. At clinics, \%]here nightblindness is often 
the reason help was sought in the first place [79], it is likely to be very 
high. Elighty percent of all patients in Study III (see Fig. 2-1) claimed to 
be nighltblincd. Comparable rates have been reported from England 
[19,130], France [7,36], Russia [8], Japan [18], Africa [170], Indonesia 
[1051, and elsewhere. But in field surveys, where the proportion of con
junctival lesions associated with active vitamin A deficiency may be 
smaller, and a larger segment of nightblind individuals are unaware of their 
problem, it is likely to be very much lower. During the first round of Study 
I, when practically all cases of xerosis/Bitot's spots were likely to be vitamin 
A deficicnt, only 61c had a positive history of nightblindness. 

Punctate keratopathy. As will he discussed at greater length, fluorescein
positive punctate keratopathy (Plate 11) is an early, mild manifestation of 
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Table :1-12. Superficial pInctate keratopathy in patients with 
conjunctival xerosis (Study 111) 

SPK	 Classifirutior -,"conjunctival xerosis 

status Curcvd Ihproved Unresponsive 

No. teste(12 27 12 8
 
No. positivea 26 (Wir7) It0 (83%) 1 (13'/)
 

, 4
 
Densit%
 

Mean 1.8 1.9 1.0 
SE 0. 16 -.8 

4 
Area 

Mean 2.2 2.1 1.0 
SE 0.25 0.41 

1. Ultimate response tillwiing vitamnin A tlwrapy. 
2. Number of cses. 
3. Overall distribution 1'< .(X)1; cured vs improved P . 16; improved vs unrteslonsive 

P < .01; and cured vs unresponsive P< ,001. 
4. 	Density and area is the averagi' of both eves fro" eaclh positive cuse. Density was 

graded 1-3 (mild. moderate, svtre) and area 1-4 (inironasal quadrant, inferior 
half, intferior thre' fiiurths, and tjitir' !'orneal surfite). 

From Siinmmer eti ai. 11011. 

vitamin A deficiency [171]. It was present in 92% of' responsive cases but 
only 13% (one-eighth) of nolresponsi ve ones (Tlable 3-12). In the latter 
instance it was mild and of limited extent. 

Recognition (f actictC cases 

There is no fbolproof method fill. idcn tif'ling which cases of* conjunctival 
xerosis/Bitot's sp)ts are associated with active, clinically significant vitamin 
A deficiency, short of actually recording their response to therapy. The 
most specific clues are involvement of, more than just the temporal quad
rant and the l)rese,nce of*other signs and symptoms of vitamin A deficiency: 
nightblinldness of' recent onset and puonctate keratopathv. Unfortunately, 
the sensitivity of these clues is only 50-80(c/ : a sizable proportion of' active 
cases lack clinical (if not histologic) evidence of extratetnporal xerosis 
nightblindIness may Ie sublin ical or otherwise overlooked; and identitf'ing 
early punctate keratopathy generally requires the aid of a slit lamp Age is 
a useful clue: lesions are more likely to be active in preschool-age children 
than in older individuals. But the ratio of, active to inactive cases, ('vel 
amlnOlig ])l'('s .cJleiO]e's, iay var' fimOlll tne coi tlllltllity to otel('. 

In stutntmary, the presenmce tef' extratetnporal involvetnent, nightllindness, 
and punctate keratopathy all suggest active disease, especially in preschol
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age children. But their absence is fir less helpful: illIany communities 
cases of, Bitot's spots without these signs are more likely than not to be 
Vitamin A deficient. 

The origin oY fonresponsiCeSpots 

Available evidence suggests that a substantial proportion of' nonresponsive 
lesions are sequelae of past vitamin A deficiency [101,154]. Nonrespon

sive lesions al most invariably occupy the temporal quadrant 
[101, 139,140,143,153]. This same area is tile most susceptible to the efk'cts 
of vitamilin A deficiency. Although vitamin A deficiency induces keratinizing 
in etaplasia throughout the b)llar conjunctiva, clinically detectable involve
meint is more frequent, more pronoLnced, and slower to ieal temporally 
than elsewhere. This may be related, at least in part, to its exposed location 
and relative freedom from lid abrasion. Appehnlans [172] reported a Bitot's 
spot in the 12 o'clock position deep to a coloboia of* the upper lid; Mc-
Laren reported a typical Bitit's spot in assoeiatiol with ectropioii of' the 
lower lid; .letivier [139] reported two instances of' unilateral (nonrespon
sive) lesions, ole in an eve of a child with complete, lon1gstading ptosis in 
the other eye. and oie in an eve proptosed by anl orbital osteonia. We 
have observed seve're, plaquelike xerosis onl the surfluce of a protulerant 
stapl yhIoa (fioili keratomalacia) inia xeroph thaineit child disappear follow
ing systemic vitamin A therapy. 

Keratinizing nietaplasia of the temporal quadrant induced by vitamin A 
deficiency appears capalble of escaping, for variabic periods, from the nor
iial afl'ets of' vitamin A. In a number of cases [1011. vitainin A therapy 
results ill proimpt clinical and histopatiologic disappearance of Lnasal Ic
sioils, but oily treduction in the size of temporal ones. These maiy then 
wax ansd \vai e fbr in liths. It is as if' the localized in etaplasia has bcL me 
self-pe i'pe t iat iIig, tiulLd gius to carcinoma in situ. We Iave never inessed 

the return of'nonrespLonsive lesions followinig surgical extisiLn. 
,le ol)se'vations of Sinia and Bang [1411 are of particular significante iin 

presiloo!-agethis regard. tv-five pl'wen children with Bitot's spots were 
given 200,000 IU \ itaiin -Aorally every fibi mlonths for ole year: in eight 
tile lesiins promptly disapleared, never to return: ill eight they initially 
disappeared lut Iv tri'ned Li'ing fillow\- ,,l;and in nine they never disap

peared. ()nll\ 0. 17 (2/255) (fi' children initially free o'Bitot's spots and 
placed oi the saint' s .'leduhI developed spots during the second year, vs 
9r1( placed on a P L rhe'gimen. It appears that one keratinizing ieta
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plasia occil'rS, other filctors, in addition to the avaihihility of vitamin A,
determine their prominence. In Sinl and Bang's study administration of' 
vitamin A virtually eliminated the fbrmation of new, "nonresplonsive, 
nonvitamin A deficiency-associated" lesions. 
The reason some temporal lesions iecome persitenl while others do not 

remains unknown, althou the age of* the indi vidt al and chr'nicity of vi
tamin A deficiency probably play lrle. As already discussed, patients with 
responsive lesions tend to be younger than those with nonresponsive ones. 
Interestingly, the age distribution of the seven persistent, partially respon
sive cases in our series more closely approximated that of the nonrespon
sive than cured Cases. Our nonresponsive cases were also twice as likely to 
claim a past xerophtlialmic episode (2/9 vs 4/50) and to have had their le
sions for at least two months (48% vs I' ). Accumulation of' surlfice bac
teria and presence of' suibepithelial inlammatory infiltration, which may be 
chronic changes, were significantly more prominent and frequent in non
responsive than responsive lesions [1541 (see Table 3-4). A miajority of non
re:;ponsive patients exv'nined by Sie-Boen-Li.1n [132] and Metivier [139] 
claimed tleir lesions had first appeared in early childhood suggesting they 
were long standing. 

)espite Iepeated suggestions that protein or oth"r forms o11 malnutrition 
max' be responsible fbi nonresponsive lesions [77,135,142,143,150, 
151,1731, this seems unlikely: protein-eiergy maulnu1'trition2 is principally 
a disease of' yomig e'hillih'en, while nonresponsive spots conmonly occur in 
oldei individuals. Indeed, the general nutritional status of' most of or"re
sponsive Cases was quite good for Indonesian children [lOl]: only 4 of' 50 
had a weight for height below 80% of Western standards [1741; only two 
had kwashiorkor; serum allminin was at least 3.5 g'dl in 70%, and below 3 
gilf iin only 4%; angklar stotuatitis was rare. Befitting their older age, the 

itr'itional status ol'the nonresponIsive cases was even better: only a single 
presehooler had a weight for height below 90c if standard; and none had 
edema, a sei'uilll or angular stomatitis.alliunnin below 3.5 g'dl, 

The conjunctiva in corneal disease 
Set':'itl )f con jufctival ilvolvement 

TIW s ('Wit\v extent wi'ival related toand IfcOn xen'osis is tht' (litation 
and degree of' vitamin A deficiency. C(onjucti'val Changes are therefbIrc 
more pronounded ill ):lti'lits w'itht activetii,ItCO1lli'alted coIrneal involve
merit [6,18,20,155,517] (Table 3-1:3). In only 7% of eVes Of the 50 (non

http:Sie-Boen-Li.1n
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Table 3-13. Clineal extent of conjutilval involvement (Studies 11/Ill) 

Extent of conjunctival xerosis 

(percent of eyes)
Patient's 
clinical Number Temp. 

classification of eyes 0 Temp. +nasal a 180' 

X1* 100 5 37 51 7 

X2 * 106 4 9 40 47 

X2/X3 167 8 12 35 45 

1. XI Includes all eyes of 50 vitamin A responsive rases of conjunctival xerosis (Study 111). 
X2 Includes all eyes of cases with corneal xerosis in worst eye (Study 11, grades 1-3) 
X2/X3 Includes eyes in X2, plus all nonulce-ated eyes of cases of xeroplithalmie ulceration/necrosis in 

one eye (Study 11,grades 1-7).
 
Difference in distribution between XI and X2 (or X2/X3), p < .01
 

From A. Sommer [5171. 

corneal) responsive cases did xerosis involve 1800 or more of the conjunc
tiva, and two of these seven eyes were in the untreated case of severe 

punctate keratopathy that ultimately developed bilateral corneal xerosis 

and unilateral ulceration two weeks after receiving low-dose therapy. By 

contrast, 3 or more quadrants of the conjunctiva were xerotic in 47% of 
eyes in cases of corn,,al xerosis, andc 45% of all nonulcerated eyes in cases 
with corneal involvement in at least one eye [517]. The reason for exclud

ing eyes wvith corneal ulceration will soon be apparent. 
The more extensive the area of conjunctival involvement, the more se

vere the change. In advanced disease, the conjunctiva appeared thickened 

and stiff (Plates 9,10, 17-19,28,31), fbrming fixed Folds concentric with the 
limbus. This was occasionally noted in large, isolated patches of temporal 
xerosis (Plates 9,10), but was filr more common when 180' or more of the 

conjunctiva \\Is involved. In the latter instance the conjunctiva often ac
quired a frankly corrugated, skinlike appeai'ancc. 

Apparent absence o* conjunctical xerosis 

On occasion, eyes with frank corneal involvement appear free of conjunc

tival xerosis (Plates 14,22,24,25) [175]. At least two mechanisms account 
for this: conjunctival xerosis csn be hidden or reversed by inflammation; 

and when vitamnil A status rapidly deteriorates, clinically observable 
changes in the cornea can precede those in the conjunctiva [517]. 

In 20 cases of corneal disease conjunctival xerosis was present in one eye 

but not the other (Table 3-14) [517]. In 15 the nonxerotic eye was in
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Table ,3-14. Asymnietry of' conjiinttival illjectiojl and severity of corneal in
volvcineit among patients witl conjuncti'al xerosis ill only on eve (St udv ]l) 

Conjunuctiv.al injettio) Sve rity of, corneal lesio 2 

Xe2rotic Noixerotic Xtrotc N)olnXe(') tic 
Case ev eye eVe eve 

I Alsent p'resent X2 X2 
2 Present Presn l Staphvllla X3 B 
3 Absent Presenit X9 X2
 
4 Absent Present -
 X3A 
5 Absent Present - X3A 
6 Present Present X2 X3A 
7 Absent lPresent X2 X3A 
8 Absent P)resent X2 X3A 
9 Present Absent X3A 

10 Absent Present X2 X3B
 
I I Absiv,'t 11 n-nt X2 
 XB 
12 Absent Present X2 X313
 
13 ]'les(vlt I'r(,sclt X3A 
 X3B
 
14 A)sent Present _ X3B
 
15 Absent Present 
 X2 X313
 
16 1'rewsnt Present 
 X3A X313 
17 Absent Present - X313
 
18 Absent Present X2 X313
 
19 Absent Present X2 X311
 
20 Absent I'rest, it X2 X31
 

1. Diffirence I1vtwP2) Swrotican nomerof))~tic eNTS. p <t! 

Fromt2A. Sorlmer [5171. 

fltamedI while the Xerotic eve was not, the reverse being trite ill only a sin
gle case (1) <.001). li 16 of the 17 cases with necrosis in at least one eve,
 
tie necrosis was eitler less severe or a)selt il 
 the xerotic eve () <.(X)I). 
\iether inflammation actuall' reverses the xerosis or Iierelv\ masks its 

P resepc(, is un'cear, as ish)l)alithohgic material is imavailale,. As alrea(ly 
noted for l)iopsics frou the ille,rollasal (luadralit of children witl) acti'e 
tenmlporal ]litot's spots, histhgically alllormal conjunctiiva may have a 
normal clinical a)perlance. 

In situlations oif rapid deterioration of vitamlil A status, clinically detect
able alterations in the cornet may lprecede those ill the c)juniVt. This 
was well (lociulien ted ill our case No. 2W/0 11. 

Case 2001/011: A s2\vr(1V Inhlli)llrish)1 d t\\')-y('ilr-o(d i)rt-s t,(l with 'xtelisike, 
severe. bilateral t'oljilmtial and coeli ill w(sio and a mnilalral icer. All ()oular 
atl)I orilalitit's disa)l)etartd witliju tenl da\s of' systeic vitinh| A trlal)y. Ilis 

http:Conjunuctiv.al
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1 2 

Plate 1. Xerophthahnie retinopathy in a, 24-year-old otherwise well nourished In
donesian women who presented with nighthlindness, constricted vistal fields (see 
Fig. 2-3), and severe conjunctival and corneal xerosis (see Plate 19). 

Plate 2. Two months after vitamin A therapy the small yellowish-white retinal le
sions seen in the patient in Plate I have largely disappeared. 

Plate 3. Localized area of dry, granular Conjunetival xerosis temporally in a 5-year

old Indonesian boy. 

Plate 4. Tiny, localized areas oftoam or ubl)les of conjunctival xerosis in a 4-year

old Indonesian boy. 
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Plate 5. Classical foamy Bitot's spot in a 29-year-old lnd es ian man thiat largely 
resolved within two months of vitamin A therapy. 

Plate 6. Classical Bitot's spot in a 20-year-old Indonesian man. The superior aspect 
is fibamy in character; the inferior aspect is denser and celeesy in appearance. There 
was no history of nighthlindness and the Bitot's spot failed to respond to vitamin A 
therapy. 

!.4

7 

Plate 7. Foamy Bitot's spot in a 3-year-old girl fiom South India. Note the heavily 
pigmented appearance of the conjunctiva. 

Plate 8. Thick, cheesy Bitot's spot in a 4-year-old boy from South India. The child 
had heen nighthlind for two months. 
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Plate 9. Thick, stifiened temporal conjunctiva ill t 4-year-old Indonesian girl with 
advanced conjunctival xwrosis, HIaziness of the iiferiCoir cr nCea represents milid Col.
neal werosis. 

Plate 10. Thickened. skinlike temporal conjunctiva in a 1-year-old Indonesian boy 
with early corneal xerosis. The eye had been stained with Rose Bengal. 

11 12 

Plate 11. Extensive ptnoctate keratopathy in 10-nionth-old Indonesian boy. The cor
nea appeared cryvstal lear to handlight examination; but fluwescei n-staiining pci nc
tate epithelial lesions were appaem.t on examinatio(n with the slit-lamp l)i ionicro
scope. The cornea of the other eye was entirely necrotic (Plate 12). 

Plate 12. Fellow eye of suIject deserilbed in Plate 11. The ccornea was entirely 
necrotic and bilging forward. Dark. pigmented iris is visib le in areas where nost 
of the stroma had already scuglied. 
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Plate 13. lnfrOi1 crneal xeIsis in a severely malnourished 3-Vear-Ild Indonesian 
boy. The keratinizecd skrlhce is sharlpvI demarcated. The cornea of thl other eye 
was entirely necrotic (Plate 14). 

Plate 14. Fellow eve if' ciase (escribed in Plate 13. Except for the peripheral I mm 
the cornea is entirely n ecrotic, most having already sloughed, resulting in a large 
central desceIetocele. The con junctiva is moderately inflamed and without evident 
Xerosis. 

15 16 

Plate 15. i feavily keratinized corneal surfjilce in the eye of a 2-year-old Indonesian 
girl two days after initiation of therapy. A portion of the keratinized surf ce has 
already peeled of] i f riorlv, forming a scroll below. The clear area is now devoid 
of *ts keratinized layer. At the initial examination the identical area of tie other 
eye contained a typical ulcer late 16). 

Plate 16. Fellow eye of case descrihed in Plate 15. A typical, sharp-margined oval 
ulcer is prestent inhferiorly. The conjunctiva is not inflamed, and contains extensive 
xerosis most apparent i llthe inferiir quadrant adjacent to the cornea. 

1)
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Plate 17. Extensi'e conjunctival xerosis and heavily keratinized corneal suriae ill 

a 3-year-old Indonesian boy. See text for foller description (case 200/069). 

Plate 18. Same eye shown ill Plate 17, two days fbllowing initiation of' therapy. The 

heavilv kerati iized corneal plaque inferiorly has sloughed, leaving a small, round, 

sharply demarcated superficial ulcer in its place. Crevices of' the surrounding ker

ati nized sUl'actce converge onl the olcer, most apparent above the inferior lim1b1)s. 
Keratinized pla(qles are still present il tile iliterpalpebral zone. 

19 20 

Plate 19. External appearauce of' one eye of' the ease already described in Plate 1. 
Marked xerosis of both tilie conjunctiva and cornea are pIsecnt. 

Plate 2(,. Hleavily keratinized corneal plaque in a 2-year-old Indonesian girl with 

poor lid elosure and severe malnutrition. Conjuncti val and corneal xerosis are ex
tensive. 
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Plate 21. Right eyt of'a 3-year-old Indonesian gir. A classical puclitd-ut, shallow 
round iilcer %as present anteriorly, with pigment (prestiiiably adherent iris su'iFict 
left behind ftollowing dilitation) posteriorly, with normal appearing stroilia in be
twcen. Two pinpoint tilcers were present superiorly. The le! eve is shown in Plate 
22. S e tct for more detailed dcesciptin (case 2(X)/158). 

Plate 22. Lef't cyc of case describcd inPlate 21. A large, circumscribed area of 
cornea is Missing centrallv, witI it-is bulging thiontglh the defect. The surrounding 
CornIIa was hazy blit viable. The Conjuitiva was xerotie and not inflamed. 

23 24 

The left c e of' a 4-sear-old lndo 
inft riurly, aiid a classically sharp, iuuiid, piiched-out tlre-flo, rtlhs 

Plate 2 13. esiaii boy. Corneal xcrosis is apparent 
depth ulcer 

sui)rOnasal lv. The iilCc'r reach cd l)csCCct''s nI'ilraic. 

Plate 24. A characteristically fliuorcsceii-staining oval, inferior Cuinial ilccr ill it 
2-ycar-ohld Iidnesiai girl A small hiyI)I)%VOii is liesti l alld tle ctujimiicti'a is 
inflamcd.
 

F
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Plate 25. A 19-month-old Indonesian boy. The right eye Contained extensive con
junctival xerosis and ponetate keratopathv. Tile left eye, shown here one day fol
lowing initiation of vitamiin A therapy, contained three areas of s'i tfce abnormality. 
One area was irregular, composed of mounds (clear epithelial or superficial stromal 
vesicles) alternating with dellen-like depressions. Temporal to this area was a de
pression. In its center was a sharp, deeper, cylindrical ulcer, the onlv part that 
stained with fluorescein. A second, larger depression with a centrally staining ulcer 
was present more temporally. Tie Ibases of the two ulcers, originally clear, were 
Iby' now moderately opaque. A small hypopo n was present and the coinjunctiva 
was inflamed. See text for f[iller description (case 200/160). 

Plate 26. Same eve shown in Plate 25, three days after )resentation, stained with 
fluorescein and observed through a blue filter. Tile superoilasal area is less irregular 
and tile adjacent 1ilce," has largely healed. But now the most temporal iileer has 
enlarged, tie entire area of' depression being deeper and staining edge-to-edge. 
The hvpopvon has increased. 

27 28 

Plate 27. Same eye shown in Plates 25 and 26, five days after presentation. The 
irregular, nasal area is only minimally iazy; the adjacent iilcer has healed as a 
saucer-shapled depression but tile most temporal ulcer has a fbcal, deep-stroinal, 
necrotic appearanet. The latter event 1 healedyally as a dense Iceikonia. 

Plate 28. Opaque, necrotic cornea in a 2-year-old Indoncsian boy. Tile conjunctiva 
is both xerotic and inflamed. The fcllow eve contained an area of inferior, kbcal, 
corneal necrosis. 
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Plate 29. Sharply focal necrotic lesion in the right eye of a 2-year-old Indonesian 
boy. The stromna has largely sloughed, a hulging desceinetocele filling tile defect. 
The rest of the cornea is hazy and xerotic. The conjunctiva is inflamed. The other 
eye had moderately severe corneal Nerosis. 

Plate 30. Same eye shown in Plate 29, two months later. The defect has healed as 
a remarkably small, peripheral adherent leukoma leaving a clear pupillary zone. 

31 '12 

Plate 31. Left eye of an otherwise well noirished 2-yea'-old Indonesian boy. A 
large, nonstaining, fbcally necrotic, bulging, opaque corneal lesion is present infe
riorly. The conjunctiva is both inflamed and xerotic. Abnormalities in the other eye 
were limited to dense lmnctate keratopathv. 

Plate 32. Same eye slioii in Plate 31, one month later. The previous lesion has 
healed as a surprisingly small adherent leukoma, preserving a clear, central, pu
pillary zone. 

Color plates 1, 2, and 19 are from Sommer et al. [104]; 4, 7, and 8 from Sommer [152]; 6 from 
Sommer et al.[1011; and 12, 15, 17, 21-23, 25-27, and 31 and 32 from Sommer et al. [197]. 

8
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mother rlilsd to allow hioslitalization. \\hi'ii 'xt Seeni. two weeks later, his gell

eral liltritioiilal %\asv woist'. with gross ed'na in both Ilegs. Se\ ere crstatus (.11 

nill xersis had ri'appear'd bilaterdly and both (orlas contained Small ulcers. 
Despite the albscic' of inflau liulatio. tn'( coilliiuuitiva \\.is clinically normal ill both 

bt the childeyeS. Ille ('o0reill UIh.'rs prouuuptly rvspoiided to additional vitainin A. 

died thre d(ays later. 

A similar pattern was ,,)servcd in another two-year-old (case 200/068) in 

thie absence of Coneal ulceration. 

Despite previous suggestions that inflammation [17,18,149.176,177] and 

sudden deterioration of' vitamin A stattis [39.43,149,178, 1791 can modiY 

the clinical picture, mechanisms other than vitamin A deficiency have been 

proposed 'o explain Classical orneal destruction inact O lpanied by con

juinctiv'al xerosis [1:36,1451. As recently as 1971 vitamin A was being with

held fioin severely maliion'ishd children with corneal haziness and ilicers 

[145] becaise of' the absence of conjunctival xerosis. After a week at least 

one child developed a ciorneal Iilc'' ill a pr'eviously hazv' right eve and 

perloratcd an existing ulcer in his left eve. The author laments that "uinfow

tuiiatel (at this point) th( mother absconded with the child" (and prohably 

a good thing too!). Pillat's [156] suggestion thal "examination of the con

J.11icti\va is thv only go ard against a mi staken diagnosis" ias, linlfbrt iinately', 

proven incorrect, at least in cases of' rapidly evolving disease or bilateral 

1 cerati on/ 'iecr'sis. 

Evolution and diagnosis of conjunctival xerosis 

As should now be clear, vitamin A defic'iencv induces a squamous inetalula

sia throughout the coiijiictiva. Because it is most ironlmliic'ed in the teln

oliral quiladrit, this is thc site where clinical 'xerosis" first appears. Its 
.. ionwettal)h'" keratiuiized suruilcC is (lotted b\' fine. lustrous irregularities 

oi' bIulbbls, altholigh in soulii instamices hcavier accumulations of' keratin

ized dehbris and saproftdl vtic' bacteria primarily "xerosis bacilli") form a 

highly \isible faim\v or cheesy covering, kiowi as "Bitot's Spots." Since 

these arC nolthinlg morC than localized variants of" the basic xerotic process 

there is littl' reason, low Contiiuing to divide them into thosc with and 

withiout accompanyviug xrosis [47].: 

Il general, these miitaplastic chamnges are exquisitely sensitive to vitamin 

A status. But occasionallv, for reasouns not entirely Clear, areas ftlemlporal 

mietaplasilt becd'ome sell,1per)('touating, persisting long after vitamin A levels 

isiuu Ih{' I ' ' I It ,Appi ndix 2).'l'his c'unuu is r'Ilh'ticd ili to 'v\isuh ll \ c]usificatiou 
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have returned to norml. Ti is accouints for at least soile instances of noln
vitamin A deficient" conjiun ctival xerosis/l3 itot's spots. 'ht' exact proportiol 
of* nonresp~onsive eases duie to past vitamin A deficiency, anod the propor
tioji, if' any, tIne to other causes is olnknown and ma\y Well vary f1om one 

population to another. 
As vitamin A status delt',orates finrther, keratinizing metaplasia becomes 

more sev'ere. Althooi h histologic changes are 'idespread early inl the dis
ease, clinically demonstlilble xerosis first appears temporally, then nasally, 
then inieriorly, and final\' supemiorlv, at progression suggesting the 
influentce of'exposure anti stisceptibility to lid abrasioi. Th',mort exteinsi'e 
the iivolvetiient the more severe the changes. The conjilncti'a becomes 
increasingly stift t hickened, and resistent to defornlition, event Ilalv as
smining a wrinkled, leatlery, skiilike appearancte with promiint folds con 
centric with tile ]ilibus. Tlhese are advanec-d changes, almost alwavys ac
coilipan ied byvi'ai k corneal involvement in eves in 'hic.h the diagnosis 
w'ould never be in dobt, precisely the conidition under which the\. w'ere 
originallyv lesc..ribedl [32.68,77,109,129,156,158,1801. Conf'ision arose w'itlh 
altt'l)ts to develo) mort sensitive criteria of' mild vitamin A deficiency. 
Kruse [181] claimed that fine wrinkling andlthickening, evident on hiomi
croscopic' examiniiation of' tli, hulbar con.jinctiva, wet'rt usefll signs of active 
vitamin A deficitn'cy. ' spite tiE fiact that many iiiitlswtre required ,l1' 
tiest "al)loriii alitits" to tdisappear after vitamin A therapy, and Berliner's 
[182] dt'moistration that similar cliang''s we't' common iln normial intlividtl
itls, "'wrinkling" and "thickening'" havt'e been regarded as t'videnc'e of' mild 

c)ljuinctiv'al xt'rosis, which resiulted iii fi'equtnt overdiagnosis [47]. Ill 
our 'Xp(ri'linct' 1011, mild degrees ilf wrinkling and thickening, as de
scribtd in tl(, rt.l*llt \VII() classification [47], are poorly re produc ible and 
alimost as _oilnliol alnioug ormal childrenas almong tluse with vitamin A 
responsiv'e iglhblinditless ailto bild conjuntlia'l xerosis/Bitot's spots (XI), a 
jl glelnt shared by othu'rs [1831. 

Saintt'r [45,184J has suggtste'd thlt ('i0mulildtival staining With vital dVs, 
t'speciallv with Lissaulio' (ret, is a uist'fitl index ,'f'prelinical xerosis and 
a basis fir distinguishing Bitot's spots associattd with activt' vittain A te
fi ciencv li'on tihost' that 'it' lti. Unfortunately, stibstOpmlt'n experienct' in
dicates tile tchluu , is neither as specific ni0r is selnsiti't, as claimed 
[169,185-188, and E. Suttter, ptrsonal comnmuhinitatio>n, 1979]. In our own 
st'rits [187], ov'er 1117 of' nornmals tdevtloptled definite staining of' one orn 
both eyes, its did 83(7 of cast's of' nonrlsont'S1)sive' Bitot's spots (Table 3-15). 
Similar staining pa.tte'ns were abseit in two-thirds of' cases of' nightHlintd
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Table 3-15. L.issamine green staining of patients with clinical xerolihthainia and 

controls (Stndies 11/Ill) 

Clinical Total Definite I)efinitu Indefinite Negative 
Status cases 2 eyes 1 e ] or 2 eyes 2 eyes 

Normal n 51 2 4 3 42 
Controls ('/) (100) (3.9) (7.8) (5.9) (82.4) 

Night blind n 14 3 1 2 8 
('7,) (9w.9) (21.4) (7.1) (14.3) (57.1) 

Nonresponsive 11 6 5 1 - -

Bitot's spots (%) (100) (83.3) (16.7) - -

Responsive 

Bitot's Spots 
and/or conjunc- n :31 18 3 1 9 
tival xerosis (%) (100) (58.1) (9.7) (3.2) (29.0) 

Corneal n 51 22 12 4 13 
Xer0I)htIalInia (r) (99.9) (43.1) (Z3.5) (7.8) (25.5) 

From Eumran t al. [1871. 

ness andt one-third of' all cases of* vitamil-A-responsive conjunctival xe

rosis/Bitot's spots or frank corneal involvement. Kajal, a common Indii: " 
cosimletic containing carloll particles in oil has I)een used to increase the 

visibility of Bitot's spots [ 183]. 
Conjuwti'al xerosis requires time to develop. When vitamin A status 

deteriorates rapid(ly, as in measles and other catastrophic illnesses, clinical 
involvement of' the corlea Ila.' precede that of the conjunctiva. Conjunc
tival pigmentation, much commented on in the past and still a recoim
inended sign of' xerosis [17,.6,109,189] is al even more chronic change, if' 
in fiact it is related to vitamin A deficiency at all [35,45,101,136,149, 
155, 190,1911. 

Classically, xeroplhthalhic corneal destruction is said to occur in rela
tively noninflamined, "white and (piet" eyes (Plates 16,21,22)[13,39,136]. 
Nonetheless, conjunctival inflammation of varying degree is present in a 
substantial proportion, lr)tllaps a majority, of such cases (Plates 
12,14,23,25.29) [17,18,35.1761. Whether it results from secondary inflec
tion, concomitant illness (e.g. measles), or simply corneal destruction itself, 
such conjuncti'al inflammation may mask or reverse the underlying xe

rosis.
 

The fitilure of otherwise well-nourished adult volunteers, placed on diets 
deficient in vitamin A, to develop typical conjunctival xerosis or Bitot's 

http:12,14,23,25.29
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spts [89-91.1441 is hard, sorprising. \\'-cld ahults hve, Inarge mtiiii 
A reserves. In most instmues. the period olattmuptud depletionLIste(d less 
thmaone year. amnd rar]e. as Ingi asttwo \'ears. Ma nv participmits imeve'r 
dewvuloq)el sutum vitanimin A levels in the idmormidingmmi, aild oInly a few 
were siufTicieltly depleted to dl(''Iol) clilliidhly dete'tiblh ioghtblindliess. 
The previously h'ait\l'. vell-nomislhed ctse reported by Bom.l-;amd Fells 

1115] was alhegedly om a diet untimely ree "ofvitanmin amd l)pi,\itamnin .kfor 
five ycars befire developing signifiamit oumul" patholo .. 



4. Corneal involvement 
I. Clinical considerations 

In emaciated inillts, I)articLL'arly, I have repeatedly seen the cornea of 
one or both eyes become thin and prominent and give vay, without 
much, and even without any apparent inflammation. The wasted state of 
the body in such subjects arose from various causes, as chronic diarrhea, 
cough iblloing measles, and syphilis ....I have sometimes been led to 
compare the state of such eyes to those of the dogs of Magendie's e':peri
inents which being fed, or rather starved, on white sugar and distilled 
water, died firom exhaustion, their death being preceded by perforating 
tolcer of' the cornea and evacuation of the huinours. 

William Mackenzie, 1834 

Corneal manifestations of malnutrition may have been recognized even be
fore those of the conjun,_iva. Over 250 years ago, Duddell [2] described 
corneal necrosis resulting in adherent leukomas and staphylomas in poor 
children and -sometimes . . .after measles." 

There is no mistaking Brown's [192] early 19th-century description of a 
case of' ulcerated cornea f'romn inanition" in a "poor babe." The six-month

old severely emaciated child developed rapidly progressive ulceration in 
both eyes, the contents of' whicl were expected to be "expelled" within 24 
hours. 

Mackenzie [4], another Scot, was obviously fimiliar with the disease. I-Ie 
provided an accurate description of keratomalacia, its relationship to nutri
tional status, and its precipitation by severe systemic illnesses. He also 
described less severe corneal ulceration, under similar circumstances, 

among "scrofilous subjects." 
Similar observations wer- ':.)on made by others [5,9,193]. Hubbenet [6], 

who first reported O.c hemerolopic spot" for which Bitot later became 
faimous, may also have been the first to describe early changes in the cor
nea. He noted that "as the disease progresses . . . the cornea itself be
comes cloudy . . . the vision becomes blurred, and consequently the pa
tient has poor vision in artificial light, objects appearing to him as if they 
were wrapped in a halo." 

Within six years of Hubbenet's observations, Blessig [8] encountered the 
entire spectrum of disease, nightblindness through corneal melting, in the 

presence of' conjunctival xerosis. Many excellent descriptions of' conjuncti
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val and corneal xerosis, occasionally progressing to ulceration and wide
spread melting, soon fbllowed [17,18,20,68]. Concluding with Bloch [32],
these early workers had assimilated diverse clinical observations into a sin
gle recognizable ocular syndrome associated with the lack of a specific nu
trient, often precipitated by severe inflections, and responding to fbods rich 
in Fat Soluble A. 

Unfortunately, subsequent attempts to explain the etiology and patho
genesis of the various corneal changes dwelt upon their diversity, resulting
in the confused terminology that has im' .eded development of our ,,nder
standing of' the disease. Etymologically, "corneal xerosis" should mean, 
quite simply, dryness of the cornea (i.e. its surface), and "keratoinalacia," 
a softening (or loss) of the corneal stroma. This, in fact, was the way the 
terms were initially employed [18,32]. Thus Pillat [156] divided the disease 
into three stages: nightblindness and/or conjunctival xerosis; corneal xe
rosis; and corneal ulcers through complete melting, much in the way sub
sequent classifications stressed the diflkrence I)etween reversible and irre
versible changes [46,71,146,160,161]. As observations became more acute, 
so did classifications. Pillat [189] recognized subtler changes of the corneal 
surface, "an uncharacteristic dullness of the cornea due to vitamin A defi
ciency," as "prexerosis," distinguishing it from the "well circumscribed 
white or whitish-grey deposits on the cornea similar to Bitot's spots" which 
represented "true xerosis." Although this was no more than Hubbenet had 
already cone 0 years earlier, the dis'inction was adopted in classifications 
that fbllowed [146,155,194]. 

More problematic was the classificatlan of the 'armous forms of' stromial 
involvement. Mori [18] clearly distinguis'jed corneal "tlcers" from' ne
crotic disintegration (keratonmalacia)." Kirwan [160] divided active corneal 
disease into fnr stages: prexe'osis and xerosis ("the euiest stage of kera
tomalacia"); "keratomalacia without breakdo\\vi of the cornea" (in which the 
areas of infiltration or degeneration thoughtwere to occur in the deeper
layers of' the stroma below an intact epitheliumm); "keratonialacia with break
do\n'' (resulting in permanent damage); and total disruption of the cornea. 
Oomen [35] was concerned wvith the fact not all stromal loss appeared to 
proceed in the same manner. He distinguished "corneal xerosis." (includ
ing "'bean-like protrusions" or )erfroations, occasionally becoming multiple 
or even involving the entire cornea) fi'om keratomalacia )y the fact the 
cornea retained its general shape. Iic' regarded kertomalacia as a "colliqua
tive necrosis" in which "vast stretches of' the cor'cal sur,'face are imnnedi
ately aft_'cted" and the original shape of' the cornea ultimately lost. Mc-
Laren [43] objected to the use of' a singl,. term,n xerosis," to cover both 
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"dryness" and -ulceration," arguing that "any ulceration was a malacia," 
thus echoing the sentiments of Owen [195]. A consensus, of sorts, was 

finally achieved. McLaren, Oomen, and Escapini [46] distinguished be
tween "ulceration," a partial or hill-thickness loss of substance from (usu

ally) the lower cornea, and "keratomalacia," characterized by softening of 

the entire thickness of a part or more often the whole of the cornea "invar
iably leading to deformation or destruction of' the eyeball," an imprecise 
but reasonably successful division still in use [161,47]. 

In 197,4 a modification of a classification long used in Indonesia [71] was 

proposed for international use [47] (Table 1-1). It retains the practical dis
tinction between reversible (X2) and irreversible (X3) corneal damage. The 

latter is less precisely subclassified into X3A, "corneal ulceration with xe
rosis"; and X3B, "keratomalacia" distinguished by "colliquative necrosis," 
involvement of' the hill thickness (and usually w'hole extent) of the cornea, 
and by "iiwariably leading to defbrmities or destruction of' tie eye."* Un
fortunately, this classification was not based on new or revealing informa
tion. We therefore carried out detailed observations (Studies II/III) to as
sess its validity, refine the descriptions where necessary, and identify 
factors responsible for the various changes. 

Table 4-1. Clinical classification of' orneal cases (Study 11) 

Class Category Clinical description Cases (n) 

X2 1 Mild xt'owsis: haziness and loss of luster 24 
2 Moderate xtrosis: surflace has dry, peau 24 

d'orange appearane 
3 Severe xerosis: presence of keratinized 5 

plaques
 

X3A 4 Small ulcer(s): shaplyl demareated, 1-3 45 
mm in diameter, sulperficial or deel) 

5 Large ulcer: usually fjill-thickness, may 5 
he variant ok-ategory 4 or 6 lesion 

X3B 	 6 Localized stromal neo'osis 34 
7 Complete corneal n'crosis: unilateral 13 
8 Complete corneal necrosis: bilateral 12 

1. Classified b), most severe lesion in worst eye. 

From Sommer et al. [197]. 

To document the clinical spectrum of' corneal involvement and assess the 
etiology and significance of the various changes, the 162 consecutive cases 

* It is symptomatic of tl' proble'm that plagit's these definitions that in the first pulblication 

to make isc of*this classifktition [451 it is misqluioted and its intent thereby subverted: X3A is 
defined as a vsineal erlosion and X3B its an "ulcer or keratomnalacia." 
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of presumed corneal xerophthalmia in Study II were divided into 8 clinical 
categories (Table 4-1) on the basis of the appearance of the worst lesion in 
the most severely aflected eye [196,197]. To presere the terminology and 
practical distinctions embodied in the WHO classification these categories 
may be grouped, by severity, outcome, and potential pathogenesis, as fol
lows: 

X2: categories 1-3 Minimal inferior haze apparent on handlight ex
corneal xerosis amination, through frankly thick, elevated, kera

tinized plaques on the corneal surface. 

X3A: categories 4-5 Strom il loss in the form of relatively small, round 
corneal ulcers with to obtung, sharply demarcated, shallow to fill
xerosis thick,.ess ulcers accompanied, in most (but not all) 

instances, by evidence of X2. 

X3B (I): categonj 6 Localized corneal dissolution or "necrosis." 
keratomalacia (localized) 

X3B (II): categories 7-8 Generalized corneal dissolulon or necrosis 
keratomalacia (generalized) of one or both eyes. 

Cases with punctate keratopathy but apparently clear corneas (on handlight 
examination) are classified by their other manifestations of vitamin A defi
ciency (XN or XI). 

Punctate keratopathy 

The earliest, mildest corneal change observed in vitamin-A-deficient ind 
viduals appears to be a fine, fluorescein-positive, superficial punctate ker
atopathy (SPK) (Plate 11), usually beginning inferiorly, especially infero
nasally (Fig. 4-1) [171]. As the disease progresses the lesions become more 
numerous, concentrated, and affect a larger portion of the corneal surface 
(Fig. 4-2). Sixty percent of corneas of patients with confirmed nightblind
ness and 75% of' those of patients with vitamin A responsive conjunctival 
xerosis were affected, even though their cornea appeared crystal clear on 
handlight examination. Punctate keratopathy was far less prevalent among 
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Fig. 4-1. Illxerf.phthalmia fluorescein-staining pulctate lesions have a strong pre

dilection fbr the inferior and nasal aspects of* the cornea. (From Sommer et af. 

[171]) 

Percent Positive 

90 Mean Extent
 

80z Mean Density ...-.. 4 

(n)
 

, z
w 70 
z0 (n 

60 
u-

/ 3 -: 
>_ / 
, 0 , .


50 m 

a. 40  ""
 

zz 
A30 

0- 20 - .... w -n 

I"0
 

I I . I I I 

CONTROLS XN XN Xl X2
 
(H',,E-) (H',,E+)
 

na58 n=18 nzIO n,63 n=47 

CLINICAL STATUS OF EYE 

Fig. 4-2. The )rev'alence, extent, and density of fiiorescein-stdning punctate ker
atopathy increased with the s-%'eritv of xeroplitlimlia (p <.01 for linear trend). 
Numbers smaller than elsewlhere becai se analyzed and 1published before recruit
in ent for other pu rposes Coilnplet ed. Extent graded: I (inf-rotasal), 2 (intkrior half 
of* cornea), 3 (int'eior three- ii 'ths of*cornea), 4 (entire corneal sur~ikce). l)ens;ty 

graded: 1 (mild), 2 (moderate), 3 (heavy). Studies Il/Ill . (D)rawn from Somn e,"ct 

al. [171]) 
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Table 4-2. Response of ptnctate keratopathy to 200,000 1U vitamin A
 
(Study Ill)
 

Duration Number 
since of Percent Percent Totld percent

treatment eyes improved cured improved or cured 

1-3 days 20 404-7 days 24 75 25
0 

10040 

2 weeks 20 20 80 100
1 molth 26  100 100 

From Sommer el al. [1711. 

conhols or patients with vitamin A nonresponsive conjunctival xerosis (also 
see Table 3-12), and, when present, was sparse and limited in extent [101].

Punctate keratopathy responds rapidly to vitamin A therapy [171]. In
patients receiving a single oral dose of* 200,000 IU vitamin A, all aflected 
eyes improved within one week, and were cured within fibur (Table 4-2).

Healing begins w\ith loss of' staining, producing a mixture of' staining and
nonstaining white specks. Within one to two weeks many of' the nonstain
ing specks become lightly pigmented. By the lburth week only nonstaining,
pigmented epithelial or suhepithelial specks remain, most prominently in
feriorly, where they may persist fbr months. 

As controls, 18 eyes with Bitot's spots of' 10 patients who received low
dose (700 IU) vitamin A were fbllowed closely [171]. By the end of the
month none had improved and 11 (61%) had actually deteriorated, f'bur of'
them alarmingly so. These patients 'ere then treated with a single oral 
dose of 200,000 IU vitamin A and all improved within nine days. Both eyes
of one low-dose recipient healed spontaneously, at 65 days, presumably
from an improved diet or treatment outsi-le the study.

By the time punctate keratopathy covers most of' the corneal surface,
involvement is generally apparent on handlight examination, thus qualify
ing tie condition for the designation "corneal xerosis" (X2). 

X2: Corneal xerosis (categories 1-3) 

Corneal xerosis (of' any severity) waus present in 93% of' all eyes of patients
with f'rank corneal involvement in at least one eye.

Category 1: The first visible change on handlight examination is a hazi
ness of the corneal surfice, usually most pronounced adjacent to tile infe
rior limbus but occasionally centrally instead (Plates 9,10). The lhainess 
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becomes more distinct a few seconds after the lids have been retracted, 

the tear film having had a chance to run oil, revealing tie dry, "nonwetta

ble," finely irregular surface below. Mild involvement may be missed by 

tie casual observer; many such cases have been referred to us for night

blindness or Bitot's spots. In more advanced disease haziness and de

creased wettability are apparent over a larger portion of' the corneal stir

face, although usually remaining most pronounced inferiorly. In 83% 

(20/24) of cases both eyes were involved, usually symmetrically. 

The most prominent abnormalities seen on slit-lamp examination are the 

punctate epithelial changes already described (Plate 11). Some corneas 

present wvith a mixture of staining and nonstaining specks, suggesting pre

vious episodes of' active disease. An occasional case presents with nonstain

ing, fine epithelial microcysts with or without more typical punctate lesions 

(SPK) interspersed between them. These cysts are often water repellent, 

appearing even less fluorescent than the tear film itself: Within one to two 

days of' svwtenii' therapy the cysts usually disappear, being replaced, in 
many instances, by typical staining punctate lesions. 

The other abnormality apparent on slit-lamp examination is stromal 

edema. As with the surflace changes the inferior aspect of the cornea is 

usually first and most severely aflected. 
The extent of corneal haze is directly related to the density (Table 4-3) 

and extent (Table 4-4) of' punctate changes and degree of' stromal edema 

(Table 4-5). Dense accumulations of' healed, residually pigment d specks 

may cause inf'erior haziness to persist indefinitely. Central corneal haze, 

when present, is therefor . a better index of' activity. 
Corneas with active disease often have a ground-glass appearance on 

retro-illumination. This is most prominent in areas of dense punctate ker-

Table 4-3. Corncal hazt, and decnsity of punctatt' k('ratopathy iii mild 
xc'osis (category 1) 

Extent 
IJ't'Ornt'd! 

Density of SPIK 
(pertent of tt''s in row) 

Total 

hze mild moderate sevr () 

0 20 60 20 5 
Inferior 1/3 6 69 25 16 
Inf'rior 2/3 100 2 
Entire surflh' 16 84 25 

I. Difference in SPK density between 51/3 corneal haie and a2/3 corneal ham-, 1p<.001. 
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Table 4--4. Corneal hcze and aea of' Puiatme keratopathy in mild xersis
 
(category 1)
 

Area of SPKI
 
Ex tent ( ,of't v'vtesinrow)
 Totl 

of corneal librior/ Inl'-io" Ilnl;rioer Entire tis 
haze Nsal 1/2 3/4 smt'ile (it) 

0 20 60 20 a 
lnfirir 1/3 13 .56 31 16
Inkerior 2/3 1W 2 
Entire stikce 8 92 25 

I. Difikrence in corneal area covered with SPK :51/3 corneal haze aid -:213
cormeal haze, p<.(X)l. 

Table 4-5. Corncal haze and degree of strcinal edema in 
mild xersis (category 1) 

Extent Corneial thickness (x normal)or c:orne~al of, l)t'rt'tclt of t,'(,c,,in rccw) TmnlaTotye 

Ilive 1 1.5 2 1.75 (n) 
0 I(00  _

iderior 1/3 6 37 - 16 
liferior '2/3 100 - _ 2 
Entire sirilace 12 88 25 

1. Difli-rence in corneal thickness with SPK -<1/3corneal -2/3haze and 
coneal haze, p<.001. 

atopathy, the same sites at which tear film break-up time is usually 
briefest. 

Category 2: In more severe involvement, the corneal sttrface has a dry,
grantlar, peati d'orange appearance (Plates 13,19), which is usually most 
prominent inl'riorly, either adjacent to the limbus or as a horizontally oval 
area 2-3 mm above it. Occasionally these changes first became apparent 
one to two days after initiation of' therapNy. Multiple patches of' similar ap
pearance are sometimes distributed about the corneal s'tirfce. In'olvement 
is generally symmetrical in the two eyes. Haziness tends to be more severe 
than in category 1. 

The fi'ankly xerotic nature of' the changes is often apparent, even on 
handlight examination of the fluorescein stained cornea. Many eyes have 
severe, dense punctate staining while in others the flourescein stains or 
pools in cracks on the cornified surfLace, presenting a "treebark" appearance 
(Plates 15,17,18). 
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The entire cornea usually has a markedly ground-glass appearance on 

retro-illImination , while tile stntface tends to le completely covered by 
punctate lesion (96c/ s 65% in milder disease (grade 1), p <.01). The den
sity of' these lesions, however, is the same inlboth groups, even after cor
rection fbr the degree of' haziness. The fluorescein-staining punctate lesions 
are sometimes very dense, almnost confluent. 

"Treebarking appears to represent a solid sheet of cornified epithelium. 
Although fluorescein pools in the cracks, the sumrfitce is usually fi'ee of'punt'
tate staining (Plate 15). Following therapy the covnified layer loses its at
tachment to the stl'ficce below and peels off (Plate 15). The free end may 
fold over O-break off and slough. The central, intei'palpebral zone is gen
erally the last to clear, presuimably because of' the limited abrasive action 
of' the lids at this site Icompare Plates 17 and 18). 

The severity of' edema tends to Ie greater than in category 1: corneal 
thickness was at least twice normal in over ole-fifth of eyes.
Cat-,ortj 3: Thick, elevated, firankly xerotic plaques are tiee most severe 

fbrm of nonuilcerating surface change (Plates 17,18,20). Relative protec
tion f'r un lid abrlasion and the greater potential fr expostire prolbbly ac
count for their predominance in the inte'palpebral zone. Particularly heavy 

lp aques are fbamy or amorphous ill nature, suggesting an agglomeration of' 
bacteria and fragmented keratin as in thick Bitot's spots. Plaques, xerosis, 
and corneal haziness were present in both eyes of' all five subJects. 

In all ten eves punctate keratopatly was of the dlensest sort, especially 
surrunding the plaques. The surt-fe of' the plaqlues themsel\'es gene'ally 
stain as linear or whorl-like crevices. With healing the pla(lues fi'agment 
and slough, sometimes being (transiently) replaced by areas of' densely 

packed, flmorescein-positive ptmctate lesions. 
Stromal edeml was pre(sent in all eight eyes (fbui' cases) illwhich it \%Ias 

sought. 
At least one-third (20) of the 53 cases of X2 (categories 1-3) presented 
itha chf complaint compatil le with corneal derangement: 12 because 

the child was keeping his eyes closed, 6 because he avoided bright lights, 
and 2 because he complained of' "itchy eyes." A 24-year-old woman exam
imed befbre this stud' began [104], with moderate corineal involvement 
(category 2), denied any fbreign body sensation, grittiness, orIdrylness, but 
was moderately to sev'erely photophobic. 

Aside tfrom their ocular appearance, there was little to distinguish cases 
of' grade 1 fI'om those of grade 2. Cases in category 3, however, were 

clearly more protein deficient and ill than those with milder disease. 
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Table 4-6. Protein status of' cases of corneal xerosis (Study II) 

Clinical classification 

1 2 3 Total 

Albumin (t g/cl) 
number 24 24 5 53 
mean 
SD 

3.35 
0.50 

3.25 
0.45 

2.50 
0.41 

3.22 
0.52 

Transfernin (mg/dl) 
number 22 21 4 47 
mean 
SD 

Albumin: I vs 3: p <.001 
2 vs 3: p <.01 

159 
85 

155 
95 

94 151 
124 93 

Transferrin: I vs 3: p <.01 
2 vs 3: 1 <. 0 5 

Age: Mean age fell with increasing severity of corneal disease (3.3, 2.8, 
and 2.6 years, respectively, for categories 1, 2, and 3). 

Vitamin A status: Mean serum vitamin A and holo-RBP levels were sim
ilar in all three groups. 

Protein Status. Levels of serum albumin and tranferrin (Table 4-6) were 
similar in groups 1 and 2. Levels among cases of category 3, however, were 
significantly below those of* the other two _<.01). In keeping with their 
poorer protein status, pedal edema wvas far more prevalent among cases in 
group 3 than among those in the other two groups (60% vs 15%, p<.001). 

General nutrition: Weight for height was similar in all three groups. 
Other forms of nutritional deficiency (stomatitis, cheilosis) were rare. 

Systemic illness: 80% of cases in category 3 (4/5) had a history of a recent 
fbrile illness, vs 33% (8/24) of those in category 2 and 17% (4/24) of those 
in category 1 (p <.01 for linear trend). In addition, all five cases in group 
3 were at least mildly/moderately ill; three (60%) of them were severely ill, 
a prevalence considerably higher than among those in the other two groups 
(5% and 18%, respectively) (p <.02). This is reflected in their higher mor
tality (Table 4-7). 

Chronicity: There was no evidence from the history of' nightblindness 
that vitamin A deficiency had been present any longer among cases in cat
egory 3 than among those in categories 1-2. Roughly 80% of' cases in all 
three groups had such a history, and in 25% of' these, nightblindness was 
said to have been present fbr at least one month. Conjunctival xerosis was 
no more extensive among eyes of' patients in category 3 than in those of' 
categories 1-2. 
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Table 4-7. Mortality among cases of corneal xerosis 
(Study II) 

Clinical classification 

11 2 3 Total 

number 24 24 5 53 
Died 

number 1 3 2 6 
percent 4.2 12.5 40.0 11.3 

1. All Nut the one death in category I occurred at least I month following 
presentation. 

X3: Stromal loss (categories 4-8) 

It is more difficult to devise a meaningful clinical subdivision for cases with 

stromal loss, since different mechanisms, with potentially similar outcomes, 

may be at work. Categories 4 and 6 contain cases with active, locally de

structive corneal lesions of distinctive appearance. Category 5 contains 

cases with large, often perforating ulcers that may represent a transitional 

stage between the other two. Categories 7 and 8 contain cases with com

plete corneal destruction of one or both eyes, respectively. 

The prevalence of binocular stromal loss increased with the severity of 

loss in the worst affected eye (Fig. 4-3), (p <.001 by linear trend). A statis

tically significant difference was present at each transition:4-5: 6, p <.01; 

6: 7-8, p <.01. 

X3A: Corneal ulceration (categories4-5) 

Since category 5 may be an extension of' category 4, and the number of 

cases is relatively small, they are dealt with together. 

Category 4: These cases were characterized by the presence of one or 

more sharply demarcated ulcers of varying depth. Detailed pictures are 

available on 46 of' the 53 ulcerated eyes. The commonest form of stromal 

loss, present in over 70% (33/46), was a punched-out, smooth-walled, cylin

drical ulcer, looking as if a cork bo-er or trephine had been applied to the 

eye (Plates 21,23). The margins were regular, not undermined, and in only 

a minority of instances (5/33, 15%), swollen. In 13% (6/46) of affected eyes 

the worst lesion was a smooth, saucer-shaped depression, otherwise similar 

in appearance to the punched-out form. Infiltration, if present, was slight 

and confined to the base, inner wall, or a thin rim about the ulcer (Plate 
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Fig. 4-3. The more severe the xerophthalmic stromal damage in the worst affected eye, the greater the likelihood of active stromal loss in the other eye (p <.001 forlinear trend). One case in category 4, with a unilateral staphyloma, is omitted. 
Study II. (Drawn from Sommer et al. [197]) 

25). In rare instances a pinpoint infiltrate was present at a distance from 
the main ulcer, occasionally at the base of an erosion or second, superficial
ulcer. In an additional 7% (3/46) of affected eyes such shallow, saucer
shaped, infiltrated ulcers were the most severe lesion. In 9% (4/46) of af
fected eyes the worst lesion was a mild, seemingly transitional stage in 
which a large, subepithelial bulla, sometimes encountered in categories 1
3, ruptured, leaving a densely staining erosion or superficial ulcer. 

91% (48/53) of affected eyes contained only a single ulcer, 6% (3/53) con
tained 2 ulcers, and 4% (2/53) three. Over three-fourths of all ulcers were 
located in the inferior and/or nasal quadrants, most commonly the former. 
The vast majority were round, 91% (40/44) being 0-2 mm in diameter re
gardless of location. Of those in the inferior quadrant, 45% (9/20) were
horizontally oval, 1-3 mm in length, and at least 1-2 mm above the limbus 
(Plates 16,24). 
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The depth of tie main ulcer was recorded in 42 of' 53 affected eyes. In 
55% it was between one-fourth and one-half corneal thickness. In only one 

instance (2.4%) was it greater than three-f'ourths depth. 

Among the 44 cases in which both corneas were involved, ulcers were 

present bilatera1 ly in 8. In all but one of these eight the locat:';n, shape, 

size, and depth of' the lesions were symmetrical in the two eyes, often 

amazingly so: in one case two ulcers of' 1 mm diameter each were located 

inferonasally in both eyes; in another, a single ulcer was present in the 

(rarely alfected) superior-nasal quadrant of' both eyes. In only one ease 

were they in different locations: inferonasal in one eye, inferotemporal in 

the other, both being superficially staining infiltrates. 

Conjunctival injection, of' %arvingintensity, was present in a majority of' 

eyes with ulcers (41/52, 79%, 1 case not recorded). A Irpopyon, usually 

less than 20% in size, was present in one-third of' eyes with ulcers (Plates 

24,25,27). It was almost twice as prevalent (34%) among cases with con

junctival injection as among those without (18%), and often adherent to the 

posterior srface of the cornea immediately deep to the ulcer. 

Two cases of' corneal xerosis included in categories 2 and 3 developed 

ulcers while under observation. Both were ill and severely protein defi

cient. Both died, one seven months and the other one month fbllowing 

presentation. They illustrate potential mechanisms by which corneal ulcer

ation might develop in xerotic corneas. 

Case 200/06,: a two-year-old severelv malnourished child with rhonchi, pedal 
edetla, stoniatitis, and draining right ear was ret6rred tbr Bitot's spots. Both eyes 
had cx tensi 'e corneal xerosis with a treebark, cornified layer in the inf'eronmisal 
qpiadrant. With hospital therapy (inclldi'ig a high proteil diet and 2 massive (loses 
oft vitaiiiiii A) his genincral comditioi and eves improved. By day 3 the pedal edema 
bad largely subsided, tltc Cominetival xerosis bad disappeared, and the cornified 
lay'l begUn to breakilp and slough, especially adjacent to tIe ink'rior limibus. By 
day 7 the oronifi cd layer was completely gone. l)iring the second wseek the child's 
general condition deteriorated: le developed diarrhea, anorexia (requiring a feed
ing tube), and tht' pedal edema returned. Although the diarrhea was soon con
trolled, serii alob iili had fIdllcn fi'om an already low 2.5 to 2.1 g/dl by day 15. 
Both corne.as deteriorated: Iby day 15 numerous fluortscein-pi siti 'e punctate le
sions and nlonstainling epithItelil iicrocysts appeared infi'riorly despite good lid clo

siii. On day 17 thte soIuricc of, tile in'erior portion oh'ile riglit cila developecl an 
irreghular, Il py appeuan cc, cliii to the presence of' 5 small buiblelike mouncls, 
all sharply demarcatedcystic swel lings in the su'perficial strima. The tiar fiIn in 

both eves wviksirregilar and ii stabh'. Withii five days a sharply demarcated, per
ft'ctly cleat', intc'vtely staitning n ni nfliltratt'd shtall i itlccr rTpllaced tilt- Iulbblelike 

http:corne.as
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10111nds itlferccntrally. The ilt'tr was sirrounded by i loderattIv hazy Zone, the 
rtest
of, tlet'crnica Iniig miniitalh'Ihazy, stiddthd witii SPK, andi 1.5 tilot's n101rna
thickIness. Th rt lays thcd taitr lt 'ornCa assitod an identical appearance. By day,28 the crosion/tilcet of the left had liahiled witiont aeve trace. T'lle child died ol 
lay 37. 

Case 20/069: a severely ill, iah norishld (noras tic-kwaMlirkor) tirce-year-olcl
boy withIilIooly diari',va was scen with sk in likt'chaniges of'
his entire coljinc'tiva.
anod hcOsvy x.''rosis with trt'eeba-k corlificatioii and adherclt atllttl)ohlls white
pla(ies inf'eriorly illhotli ctrne'as (Plate 17). i lis scrum alblailin was 1.9 and hbolo-RP I . 'wo days after admiss ion and in itiation of' the rapy a sharp marginel,
Inch ed-ouit, floiesc 'iti positive d 'ression tb'intd at thie rcVling, infilior edgeof' the xt*oitit' plaquei(Platc 18). Ihis p,'cscntd it striking appearanlc , tht' crevt'ict's
of, the reioainder t' the plaque conv'rging on eiltnlcer, siggcsting that undtrly'ing
elpitleliiiu and ier'ial1ps stroma as weII had Ieeii lost wlen the ove'l'ying pilmtle
sh oglid. TIcrewas iti evideiiv of'infiltration and tilt margins wt' it swilen.
By day S the xcrti plaque in thle leti t yc was t'onfined to a small, nasallv remote aea infI'ritiorlh. \What reoaintaed of' the cornified layer' was ftldcd tpon itself' somecdistance filtn where tie uIcetr had Ie'n. The tlcer'itself'had reepithclicialized, fina
ing it 'lea', nonstainting. shallw (hpression. 'h Dochild's general c'ondititn alsot 

provtd. his (d(lim disapi .artd.
and his albnmin rose to 2.6 ly the end of' hc first 

A number of' casts presented with both ulcers andi potentially precursor

lesions. In somc, icet'rs 
were located amid trecbark cornification; in others 
they wcr associated with stromal blla. Several are detailed in Appendix
Ill. In one case a classical tlttch(cld-ottt tulcer evolved fi'om a cluster of 
bIllac. 

Cast' 200/168: 'l'ileft cyc tf' this two-y'ear-ld girl conta emda greyish-whitt'.

cystic, bulging. necrtic lesion (category 6). 1lhowe't'r, lte right eye appeared, 
 onhl,,ndlight 'xaminatioi, tt cotain a cla.ssically sinall (1 toi1), circ'tular, sharply dt'iiiat'cahtd hazy lIsion with ctentral staining. sugesting a plticied-nt llt'c'r. Slit
lam) 'xamination revealed tht the h'siin actuallv consistt'd if a rosett of cle'ar
'pithelial or snlh)ithelial oicroicysts. 'it' central cyst had apparently 
 ioke,, resilting in tic staining. ()I' peirhaps gre,'t'tr sigiligficanict', a cear cleft pIaralt'l to tilt'
sirfilce was in the anteriote
preset't r stroina. Althogh centet ,dIelow the moreso()crficial lilac, and wich'st at that poinit, it extcnded Iit'vod their arca of involvcment. Sirimtall iin was .3.3 g/dl anid vitamin A I /Ig/dl. Illh-clild ,'t'civcd
200.000 IU vitamin A illiiltrally ancd topical retitloic utcid. titrthIday theBy the 
bullots 
t'sion had Ibcotine a classical. 'I tlcpth inIh'd-Ott Ilct'r. By day 10 thculcer had hcvahed, leaving it smnall Icuikolla Iechinl. 

Another case presented an extraordinary pictire containing many of' the
elements already discussed and suggesting tht potential role of' localized 
desiccation and dellen fbirmation [198-200]. 
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Case 2001160: A 19-month-old boy had a serum vitainin A of' 4 ggdl, albumin of 
3.2 g/dl. and a weight for height greater than 90c of standard. The right ecy was 
white ,and quiet, %%ith conjunctival xerosis involving the infkrior 180 degrees of 
Ibulbar conjunctiva and heavy punctate keratopathy, though the cornea still ap
pea'ed clear by handlight examination. The conjunctiva of' the left eye was injected 
but not xerotic looking. Centrally the corneal surfa'ce was irregular (Plate 25), due 
to alternating mounds (clear" epithelial or thin-walled superficial stromal vesicles) 
and depressions, the latter looking as if there were stromal loss or more likely, 
desiccation, as in delln. If'these 'w'ere, in Ftcit, dellen they were atypical: areas of' 
superficial desiccation overlying stroma two to three times normal thickness. None 
f these irregularities stained (Plate 26). Break-up time (BUT) in the area was zero 

seconds. Inferior to this irregular patch were 2 ilcers of peculiar appearance. Both 
were oval with saocer-shaped, gently sloping, nonstaining walls of' one-fourth cor
neal depth (Plate 25). Midway between the outer rim and center of' each ulcer the 
walls abruptly assumed a more typically cylindrical shaped, punched-out, intensely 
staining configuration extending an additional one-fourth to one-hallfdepti into the 
strolla (Sve smaller ulcer, Plate 26). It is tempting to speculate that a clear, central 
stroimal \vesi.he had broken, resulting in a tyPically puncled-out staining ulcer sur
rouded Iy a nonstaining, epithelial covered, dellenlike depression. 

As part of a therapeutic trial the child recei'ed 200,000 1U oil-miscible vitamin 
A intramiscularl , and topical retinoic acid to the left eye three timtes daily. The 
inf'erior iihler proceeded to heal uneventfiully: at two days a sharply demarcated 
area of, whitish (prestilmably) infiltrati(1 appeared at the hase, the only area still 
staining. By the next examination, ol day 5, the entiro area of the ulcer had be
con e a clear., nonstaining coreal depression (Plate 27). At two days the area of* 
ilregularity superior to this ilcer was unchanged (Plate 26). By day 5, however, it 
had an identical appearanc'e to the infi'rior ulct'': the alternating bumps (clear, in
trastronmal cystic' spaces) and deprt'ssions had heell replac'd by a clear, nonstaining, 
satcerlik' tepressiolm, and the generalized stroi nal etlema in tie area had tlisap
peared. 

Tht te mporal ulcer did not fiirc as well as the iniferior one. By day 2 the com

plex smocer/cylindrk'al shape had been conv'erted to a deeper "V shaped glitter, 
now staining edge-to-edge (Plate 26). Although topical antibiotic therapy 
(garmyc'in/Iati tmacin five times daily) was instituted at this point, theii lcer contin
ted to d'eteriorate. By day 5 the area was opaqpue, (Plate 27), its sli fhe a flores
cei 0 positivye b1l)iing mass. like an abet'ss mor' t pical of' cases in category 6. The 
pat ient was rt'ilioveu f'nom the hospital oionday 6 and when n'xt setIe, at three 
months, bad two v hukoiias: a dense 0e in th t 'ca of, the initial temporal 1icer, 
and a muich paler one in tlt- area of the initial inferior ilcer. The depression fbund 
il the area of' original irregiularity was barely discernible. At least a partial ,.xpla
natitml fbjnthe poor resnllse in this patient was the use of oil-miscibhl' vitamin A 
intramuseularly: the vitauin A level, initially 4 kgkl, peaked at 9 jig/dl at 4 h, and 
was hack down to 4 . g/dl at one dy', where it pirsisted. I lis sterimmn alllumin was 
a reasoahle 3.2 g/dl. 
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As already suggested, one of the earliest responses to therapy is fbrma
tion of a vhitish, presumably infiltrated area, usually at the base or within 
the wall of the ulcer. In some instances, especially where infiltration is 
prominent or the ulcer large, deep, or adjacent to the limbus, the ulcer 
"fills in"with marked infiltration/edema in the base and surrounding aea, 
and eventually scars over. Shallow, central tilcers tend to reepithelialize 
uneventfidly, usually within two to three days, forming clear depressions 
easily missed on routine handlight examination. 

Category 5: This group contained five cases, distinguished frtom those in 
category 4 by the presence, in at least one eye, of' a large, fill-thickness, 
stromal ulcer (reaching to, or beyond, Descemet's memlrane). These cases 
were also more likely to have bilateral stromal defects (4/5). The corneal 
defects were all localize'd and sharp-margined. They probably represent a 
modification or late stage of the processes encountered incategories 4 (sur
face ulcers) and 6 (necrotic stroma). Most cases provide interesting transi
tional changes between these two other groups, often containing lesions 
typficd of one or the other in the same or f'ellow eye. Two such cases are 
presented below and two others in Appendix 1II. 

Case 200/091: a three-year-old boy %itikwashiorkor, an albumin of 2.8 g/dl, and 
transfIrrin of 30 mg/cdl presentd(I withi a right cornea that was 3 times noInral thick
ness and contained a sharp-margined olcer which had perlbrated centrally. The 
walls ab)out the perfloration were inore swollen and opaque than characteristic fbr 
category 4. The anterior chamber was flat. TIh e left eye had two distinct areas of 
treebark xerosis: one infferiorlv, adjacent to the limibos, and another. a 'ickle-shaped 
swath 2 min above tce first, which terminated nasallh in a 1 in1in ulcer of /2 depth 
and slightly ede llicatolls, Both consesaggy appearance. eorneas healed with out 
qlience, the right as an inferior adherent leinkuocna, the left as a small inftroilsal 
leikola. 

Case 2(0/1.5h: A severely ill, three-year-old kiccale with Imasic ic-kwasiIcirk or 
died oil the day of adnission. Serucn vitamin A had been 4 Ag/dl , albumin 1.9 g/cl, 
and transferin 20 ig/dl. Te right eye contained a classical pcncled-ot 2 min 
shallow ulcer superotemporally of i/1corneal depth acd two pinpoiint icers silpero
nasally (Plate 21). Although i aniterior syichlcia had not beenc noted initially, slit
lamp examination fillowing dilitation re'ealed densely pigmented tissice caight cp 

itin the posterior aspiCt Ofhe cicricLedeep to tiche shallow cclcer, and clinically normal 
stroica inbetweec. 'hice left cornea displayed a large (5 imin) central, perfectly 
round, pnclied-out, ftill-thickness defect, through which Descemet's membmane, 
and iris bIciicd, were bulging (Plate 22). The inferior margin of the det ct was 
moderately hazy. 

The age distribution of categories 4 and 5 were identical. But cases in 
the latter group were clearly sicker and more malnourished: the prevalence 

http:2(0/1.5h
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Table 4-8. Biochemical parameters in mild (cate
gory 4) and moderate (category 5) xerophthahnic ul
ceration (Study II) 

Clinical classifi"Ition 

4 5 

Senun vitamin A (j.g/dl) 
number 28 4 
mean 1 7.6 3.3 
SD 3.9 1.5 

Serum albumin (g/dl) 
number 44 4 
mean 3.2 2.7 
SD 0.6 0.7 

Serum transferrin (mg/dl) 
number 41 4 
mean 134 75 
SD 78 102 

1. 1)<.05 

of respiratory tract infection, fever, anorexia, pedal edema, and "life threat
ening illness" was at least twice as common as among cases in category 4 
while their mean serum levels of vitamin A, albumin, and transferrin were 

all lower (Table 4-8). 

X3B: Corneal necrosis (categories 6-8) 

Except for the size of the area involved, the clinical appearance of grade 
6-8 lesions are identical and readily distinguished from those of grades 1

4. 

Calegory 6: Grade 6 was characterized by the presence of localized, deep 

stromal necrosis. The lesions were opaque, grey to yellow in color, and 
ranged in size ft'om 2 mm "-involvement of' almost the entire cornea (by 

definition the cutoff' between categories 6 and 7/8) (Fig. 4-4; Plates 

27,29,31). 
In general, greyish lesions were extremely edematous and cystic. Al

though their surface often appeared flush (or even protruding above) sur
rounding, generally edematous cornea, they lacked much, if not most, of 
their stroma. With treatment, edema disappeared and the lesions col

lapsed. Previously indistinct borders contracted down to sharply demar

cated deep stromal defects, often considerably smaller than one originally 
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Fig. 4-4. In the vast majority of cases with local corneal necrosis (category 6) the
lesions were located in the inferior and/or nasal quadrants. Study II. 

anticipated (compare plates 29 with 30; 31 with 32), suggesting reversible 
changes surrounding an area of sharply focal, irreversible cylindrical disso
lution. Occasionally some of the edematous tissue sloughed. Deep stromal 
loss was attended by descemetoceles. With inadvertent pressure these could 
rpture, resulting in perforation and iris prolapse. There was rarely any 
evidence of infiltration about the lesions. 

Other lesions were yellowish in color, suggestive of heavy, fbcal inflam
matory cell infiltration rather than quiet dissolution. Some of these cases 
represent a different stage in the same process. In a number of instances 
these flormed protuberant, dome-shaped lesions (Plates 29,31), sometimes 
with smooth, glistening surflhces. Several filed to stain with fluorescein at 
the time of admission, suggesting that necrosis might have proceeded be
low an intact epithelium. On the other hand, almost all began to stain 
within one to three days. \lether initial absence of' staining was due to 
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some unrecognized fictor masking epithelial loss, or subsequent staining 
was secondary tc changes induced by the reparative pr,;cess, is uncertain. 
The necrotic tissue sloughed, revealing a descemetocele below. Purulent 

discharge was rarely present. 
Descemetoceles, especially large (- corneal surface) perforated ones, 

scarred extremely slowly. Small ones (< 1/ corneal surface) reepithelialized 
rapidly (two to five days), and scarred quickly (espe-ially if some stroma 
remained to serve as scaffolding). The smaller, rapidly healing lesions be
came adherent leukomas, while the larger, more recalcitrant ones, anterior 
staphylomas (eventuating in shrunken, phthisical globes). 

The inferior quadrant was most commonly affected (63%) (Fig. 4-4) 
though the lesions often extended beyond its borders. The nasal quadrant 
was more commonly involved than the temporal. 

Serum levels of vitamin A and transferrin tended to be lower among 
patients vith larger lesions, though not to a statistically significant degree 

(perhaps because of the small numbers involved). 
In categories 6-8, the cornea of the "second" eye was more severely 

affected than among cases in category 4: 44% suffered stromal loss (vs only 
18% in group 4 (p<.05)). Fully 88% had some degree of frank xero
phthalnic involvement. Of the four corneas seemingly clear on handlight 
examination, three had extensive SPK and the other had bilateral conjunc
tival xerosis. 

Typical (category 6) necrotic lesions were present bilaterally in nine 
cases: in all, the size and location of the lesions in the two eyes were vir
tually identical. In the 6 instances in which the stromal lesion in the second 
eye was milder (grade 4, punched-out type) the location of lesions in tie 
two eyes was still symmetrical. 

Generalized stromal edema was extremely common, and often severe. 
Corneal thickness sometimes reached three to Ibur times normal with 
marked shallowing of the anterior chamber, even in the absence of corneal 
perforation. Only rarely was there evidence of' corneal exposure. 

The following case illu':trates the reversibility of some areas of apparent 
necrosis. 

Case 2001171: A thre-vear-old girl presented ith conjiunctival xtu'osis and two 
smal, classically pUncl ed-oilt staining ulcers in the right eye, and a large, greyish, 
oplaque, nonstaiuing Iolging lesion involving tlree-firths of' her 'left corin a. Iher 
protein status was reasonably good (serim transf'rrin 102 img/dl, albumin 3.5 g/dl) 
but serun vitamin A only 2 /.g/dl. She received 200.000 IU vitamin A orally on 
admission and again ti e fblhowing day. by day I the suraioce of ti e swollen. opaque 
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lesioui in the left eye had begon to stain. By day 5, tih last ftIlow-up, it had already 
shrunk to one-third its original size, an(l involved only tie inferior area. Except 1I0' 
some mild, generalized edema (reduced from three times norial thickness on ad
missiom) tile rest of the cornea appeared normal. This is an extreme example of the 
factt that some apparent "necrosis" is largely (and rapidly) reversible. 

In the following case of' vitainin A and protein deficiency, classical fbcal 
necrosis was precipitated by measles; the rest of the cornea was seemingly 
free of clinical disease; and the area of irreversible destruction was smaller 
than it initially seemed. 

Case 200/124: Measles rash and "conjunctivitis" appeartd in this 19-month-old 
boy ten days prior to presentation. Three days later he closed both e'yes aitd had 
kept tliem closed since. ()n admissim he was jioted to have a "hetaling" ioeasles 
rash, plen milinia, and tatasmic-kwashiitki'. Sertim almnin was 2.6 g/d , trans
ferrin 115 tg/ldl, vitamin A 4 .g/dl, and holo-RBP 2 )g/hid. Both conjunctivae were 
injected, without evidetnce ofxerosis. Neither 'onita looked xerotic. In thei inferior 
half'of tle 'ight colt.ta was al horizontally oval, sharply demarcated, slitlike 14-thick
ness iilcer surrounded bywan area of illoderately Iheavy Ihaze, which itself' was si'
rounded bv less dens e haze. An opaque, necrotic, "imishy" looking lesion with 
ctr'al desteinetocele and probalhle iris prolapst' occupied tite itf'erior one-half, ti 
two-thirds of, ti e left cornea. Ti e ioiltt area was grevish and edematous. Thc' 
tratsition betweeti tihe lesions and remaining corntea (snp'riotlv) was dramatic., es
pecially itl tit' left eye, where it was crystal clear and free ofi any SPK. On vitamin 
A that'aV the two eyes healed I iievtntfidlly, tile right ey(' as atint mtila, til left 
as ati adherent leukona involving Mly the itinfe'rir two-third if* tile extent of' the 
original lesion. 

Categoris 7-8: Iii these groups the necrotizing or melting process in
volved the entire cornea of one (category 7) or both eyes (category 8). In 
someic instances the entire cornea resembled ait'elatiely firm, yellowish
white abscess whose sillriiiee was seemingly intact (Plate 28). In others, 
what cornea was left resetnlt'd thick mnish or gelatin (Plates 12, 14). The 
final resnlt was the same: the corneal stroia slo ghed, usually within 1-3 
days, resnltil.g in an enormous descenietocele (occasionally retaining a thin 
stromal or fibrinotts covering) (Plate 22) or (rarely) c'omplet' proapse. Tht 

peiipheral I nm corne'al/limbll Zon was spared dissolution: it \%.as usually 
edetmatouis and opaque on admission but remained vital (Plates 
12,14,22,28). Unlikec some instances in category 6, whet're the sut'flce of tlt, 
localized "abscess" did not stain initially, all lesions in categories 7-8 did. 

Two forms of' healing are seen, depending on dte atnount of' r'sidual 
stroia. \\lieie soime strotna remains, a mixture of' scarring and (often iuil
tiphle) descemetoceles develop, all of' which eveitut ly scars over. Wire 
all strotnal tissue has melted away a peculiarly cross-bandced stal pattern of' 
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iris covered by Descemet's membrane bulges forward in the quadrants 

(Plate 22). This scars slowly, the individual remaining at risk of complete 
prolapse for weeks to months. Both situations commonly result in a large, 

protuberant staphylonma, which may later shrink as the eye becomes 
phthisical. 

In some case!, the "necrotic" cornea is completely clear, white, and cys

tic. In one instance a elear descemetocele was present centrally, as if there 

was insufficient stromna left to Ywell and produce the characteristically 

opaque appearance. In this instance the anterior chamber was formed and 

iris in its normal position. It healed as a flat, vascularized scar. 

The clinical course in several patients suggests that the initial process is 

one of stromal dissolution, folloved by infiltration of the devitalized tissue. 

Casw 200/096: A two-year-old girl with kwashiorkor and senrum vitamin A of'3 

Ag/cll. holo-RBP 2 )g/ml. 2.9 g/dl, and transfI'rrin of* 20 mg/dl pre"of albumin of' 
sented with an almost pure tclsceinetocele of the right cornea, and white, opaque 
dissolutio otf, the entire left cornea. Oine to two days later the left cornea was 
yellhw, mioe opaque, and bulging. 

In only a single case in category 7 was the opposite eye normal on hand

light examination, while 54% (7/13) of cases suffered bilateral stromal loss. 

By definition, all cases in categomy 8 suffered complete corneal destruction 

bilaterally. Otherwise the tvo groups of cases did not differ, clinically or 

biochemically. 



5. Corneal involvement 
II. Clinical-histopathologic
 
correlations
 

Corneal tissue was available for histopathologic examination from a small 
number of study participants who either died or underwent enucleation 
[520]. 

X2: Corneal xerosis 

Two cases of corneal xerosis, both responding poorly to therapy, died while 
their corneas were still hazy. One cornea retained numerous, confluent, 
fluorescein-staining punctate lesions. In neither case was there evidence of 
residual keratinization. 

Case 200/084: A severely mnarasinic two-year-old girl (case 200/084) presented
vi th miniiaiml inferior haze and mild ptinctate keratopathy i- , both eyes. Serum 

holo-RBP on admission was 1/igmnl. Therapy included 100,000 IU vitamin A intra
miscilarly on admission, 200,000 orally the fbllowing day, and retinoic avid topi
cally to the right eve once it day. By day 4 the right cornea'Vas crystal clear and 
the left still had minimal-mild haze and a ftw SPK. The eyes remained unchanged
through day 10. The following day she developed severe diarrhea, and despite the 
al)l)earance of pedal edema on day 11, became ftinctionally dehydrated. Her 
Schirmer test, which had registered 2-4 mm on admission, dropped to 0 mm of 
wetting in both eyes. Both eyes looked worse: the right contained minimal inferior 
haze. moderately dense l)tnctate keratopathy, and nonstaining epithelial microcysts 
over most of*its srfice; the left had moderate haze, especially inftriorly, and large 
areas containing confluent SPK. The child died the same day.

Hlistologic specimens of the solperior and infterior-nasal qujadrants of the right 
cornea appeared normal. The epithelium in the inftrior-nasal quadrant of the left 
cornea appeared thin and attenuated, and in two areas there were epithelial facettes 
(shallow deftcts in Bownian's imembrane filled in, and covered over, by epitlie
lium). The epithelial facettes may represent healing of' early, minimal superficial 
ulceration. 

Case200/078: This child presented with advanced, marked, horizontally oval xe
rotic plaques 2 mum above the limbus in each eve. As in other severely malnour
islied children who fhil to thrive, his ocular lesions responded poorly to vitamin A. 
By 31/ weeks, the right cornea was clear although the left was still mildly hazy
inleriorly. The child died six days later. liferonasal corneal specimens were entirely 
normal to light microscopy. 
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X3: Corneal Ulceration/Necrosis 

Histologic material was available from three study participants with active 

corneal destruction of varying severity and duration [196]. 

Case 200/101, with relatively fresh disease, was extremely informative. 

One cornea contaiced small, classically ptiched-out ulcers. The other cor

nea was almost ectirely descemetocele. Light and electron microscopy con

firmed the sharply focal nature of both sets of lesions, scarcity of inflam

matory cells in many areas of active necrosis, and the absence of bacteria. 

Case 2001101: A severely inarasmic (,veight fbr beight <60% of standard) one

year-old boy had a serum albmnin of 2.2 g/dl, translerrin of 40 mg/dl, vitam in A of* 

10 #g/dl, and holo-Ilf1iP of"2 )ug/ml. He had a history of nighttblindness. The right 

cornea was largely replaced by a near limbal to limbal descemetocele. The left 

cornea c0tai neld two (epth, sharply punched-out , adjacent ulcers, each 1 mm 

in diameter, and a deep. intact, anterior chamber. These ilcers were surrounded 

byi a moderate (1 ,nm) rim of infiltrate. 'lie child received 200,000 1U vitamin A 

orally ol admission aid again tie following day, and frequent topical antibiotics 

and systemic pelnicilliii and strepton yci. On day 1 the ilcers were clearly filling 

in, a process which was even more advanced by day 2. Oic the morning of day 3 

the clild died, and both colrn eas were Ibiopsied. The right cornea, which had re

ceived topical retiinoic acid in addition to the other agents, had remained till
changed throughout. 

I listopath logic examination of the right 'ornea revealed keratinized epithelium 
overlying a thinl layer of' lush, early fibrus tissue lined posteriorly by iris (Fig. 5

1A). The iris was infiltrated with ilcotio icldear cells. No bacteria were noted. 
'he left cornea coitained keratinized epithelium that was markedly edematous 

but la.cki ng ilc a granular cell layer. The basal layer contained large, plimp cells 

with prominent iccieleoli. Tbhere was an abrupt loss of Bowmien's layer and corneal 

stroica ill a wedge-sh1aped configuratioi extending tIhre-f ou rtlhs of tice way th rough 

the stroma (Fig. -1II). TIis arCa cciitai ed strands of' necrotic collagen, a greater 

1l il ir of plnip, spiidle-stellate appearing filbroblasts thanc iormcal, mid marked 

stromal edema, all below an intact epithelituc. Most significantly, there was little 

iilliam ccatorv in filtrate anid n bacteria iii tce area of collagen dissolution. The 

keratocvtes had been replac:'d by large fibroblastic-type cells. At either side of this 

area the stroica was normal except for a pacicity of' keratocytes. In some areas 

Descemet's memlrane was broached (Fig. 5-1C, D), despite the absence of' clini

ical evidence for perftiration. Such areas were covered anteriorly by edematous, ne

crotic material and overlying epithelium. 

In the second case, 200/037, 'rceal material was obtained shortly after 

widespread necrosis replaced small, sharply demarcated ulcers. Although 

inflammatory infiltration was extensive, it was often most intense in other

wise normal areas surrounding involved stroma. 
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Fig. 5-IA. fligiht eye of (5 ( 20)/101. The're, is tota!l dissoltioiniof, Corneal stroilla. 
Intact kratttiteized epitlehiln covers filrinous matt-rial and iris behild, Not bacteria. 
and olov rare inflaiIa ton, cells were p~resentt )periodic-acid Schiff; x .575). (From 
Solotter (t al.1520 ) 

,
Fig. 5-113. L eft ev of' .e 2100/1 Pe l riaTl area (fellof0'h(ion t ISt 'atts S11tarl 
d(ell"e'tio and satcer-shaped configuration of'stroatial disintegration which was
Covere( by intact ketratitized epitheliilt (]tealatoxylil-eosin, x 45). (From Sotmer 
et ill 15201 
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Fig. 5-IC. Same eye as in 5-113, shoing central area of'lesion. Most of the stroma 
is destroyed as is Descenet's membrane behind. The sharply delineated saucer
shaped configuration of involvement is readily apparent. The entire area is covered 
by keratinized '-)itheliurn (hematoxylin-eosin, x 30). (From Sommer et al. [520]) 

Fig. 5-1D. Higher power view of' section sho-wn in Fig. 5-IC. The sharply fb(cl 
nature of the lesion, and lack ot both bacteria and significant inflammatory infiltrate, 
are readily apparent (heniatox'lin-eosin, x 100). (From Sommer et al. [520]) 
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Case 200/037: 10 days prior to admission this eight-year-old girl developed high
fe'er, five days later a hemorrhagic rash on her fhce and extremities, and two days
later "white spots" on both corneas. On admission she was considered moderately
ill and only mildly (grade I) malnonrished. The conjiinctiva of both eyes was in
jected and the corneas hazy, especially inferiorly. 1-2 mm oval, sharp-margined
shallow ulcers were present 2 mm above the inferior limbus, within the area of* 
densest ha.ze. Serum transf'errin wals 58 mg/dl and albmnin 2.2 g/dl which was sur
prising given the alisence of' eema or other evidence of' kwashiorkor, and sug
gested actite decompensation of'protein metabolism. Unfi)rtnately vitamin A levels 
were determined during the period of intermittent mechanical inisfiiction, and the 
results are the'refbre excluded from the tabulations. But while most determinations 
during this period were high, hers (all ni in coded filshion on the same day) were 
low: 13 /g~dl on admission, 11 /g/dl one hour and 21 /Ag/dl Ibui hours after the 
first oral (lose of' vitamin A, tilling to 9 tg/dl two days (and an additional close)
later. Gentainycin and mvcetracin were administered 5 times a day to the right 
eye. I'he lids were well opposed during the next two days and the showedeves 
Minimal improvenent. On day 3 she Iecame cornatose, and the lower ilf' of' both 
eyes was noted to be exposed. The conjunctivae were white and (foite on. The 
entire right cornea had a yellow, opaque, necrotic appearance. Tie left cornea was 
gelatiin ns centrally with iris seen through the center. She died within a few hours 
an d the nasal (moidrants of' bnth cr'n'eas were'l ibiopsied.


Ilist ipathlohigic' changes in tlie righ t cornea included nectrosis and fbci of' g'all
neigativ' rods. il'cSi aias of' iiecroisis were acellular, but surrounded by otherwise 
normal stiiiua infiftrated by ntiutric (Fig. 5-2A).phi s Gram-negative bacilli were 
)rt'steut (Fig. 5-2B). 

le specimen mo'mn the left 'ye was lined, in places, by keratinized epithelium. 
'l'ler was al abiipt transitioin to stroial nccirosis wi ti 'raying of' collagen. Poily
mirpliuoclear Ieukocytes were present throughout the stroma, sometimes siii'
rourdinig ratler than within the area uf' iec''o1sis (Fig. 5-2C). Actinomyces-like or
ga,,is ins ind tie expoisedI margin if' necrotic strona in th, peripheral area of' the
 
dlescemintiuceh (Fig. 5-21)).
 

The last and most c'h'olnic of the three cases, 200/006 documents the risk 
of secondary biacterial infection and encloplhthalmi tis in the xeroplithahnic 
eve. 

Case 200/006: A Ibur-vear-iild iv )crsciite( with a history of' measles, fever, and 
diarrhea ont' iomith prior to admissim, and a red, tearing, photophlobic eye of' two 
weeks'duration. i ' had received antibiotic' eye drops, pills, and injections. Sertim 
vitamin A was 6 /jg/dl amd albumin 2.4 g/dl. lie conjuncti va and cornea iif' the 
right cvi were mildly xtim itit'. ci injiin c'tiva'W f'ti e.let appl)ClrCd Mildly injected
but not xemotic. TIhue leftcornea was vellow, soft, necrotic, and bulging, witi 
a gelatin-like central pirotrusion of 'it'ei s or lens. The peripheral corneal/limbal
ring was normal. A small Ibiipsv was tal:,n if'thc centrally n'cmtic and pe'ri'ratcd
c'ma'nca. IP0,(0 IU water misc'ible vitamini A was given intramu scularly, and pirep
arations made oir enuclatimn if' ICIt tleh'f'ollowing day. !1tht interim thetlt ev 
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Fi.52A onalbos E"om right ey of cas 20/7. i mai area ofcrna 

Fig. 5-2A. Corneal biopsy fron right eye of c-ase 2001037. The main area of corneal 
necrosis (superior-central) is surrounded, in part, by heavy inflammatory cell infil
tration. TIhe central area of necrosis howev'er is relatively free of inflammatory cells 
(hematoxylin-eosin, x 26). (From Soniier et al. [520]) 
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Fig. 5-2B. Higher power view of an area in Fig. 5-2A contatining gram negative 
bacilli (Brown and Hopps, x 1500). (From Sommer et al. [5201) 
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Fig. 5-2C. Biopsy fiom l ftye of' case 200/037, Margin of ukIer showing fiaed 
collagen S,urrou d d by lpolyimorphonuclar hle xkocytic infiltration (hematox lin
cosii, x 88). (From Sommer et al. [520]) 

Fig. 5-2D. Higher poer of' Suprficial margin of' uIlc r (Fig. -5-2C) shoix.g 
brancdling filamentous organisms (Browsn and x Sommiixeir et l.11 opps, 970). (Frx'omxi 
[5201) 
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,'II' Id raptid(li,ll1-Illic'kic, ltlic't', 

I i1 iI lit\ iI\ ('.\ c I'I)']1I,: il 1iII i t (u~ I(.I 

' 
I.II p l, ., ,,[m . rm "ll till ' tl'i I i, IiI tIIIiI.,,i vp - lli (d'O flk ll - '~ I, 

wli. p 11, 205 i i i I,(' dti~ .r, idiI I I.i Ii k(I \I+\,j20I tI. I I )t t. -,lU li 1Ptn IIrt tI~ l t 2 1ll, 

.)tt ,l ',) dr ,1, il)f]It \ III. ou.I 1it+,,,iu w ill-ill illill w mny li''tlii i[~tI.(I 

2 1 1 i .1( .(.1 Il I lili(d s,l. .- w\'ltI i.fthi,, ll , te 'x ric'ad '()Ilteii'i 1()Slt(.'i( 

Ill( -'i l1'' iU', cc'(' d ml+]l aili/cd) iIlll-tlhic'knies Illt~ar d \](L'lil'itl- t- ,ipp-a'+rim 

'i. Bh il it tol tc i laili d r llilill l-'lSis b c(-Il, , l'l ill lt lot,"rnl tlidis l i ' ,li'11 liiI 


I ii, "lit"rsltcd. bl\ ni'(.lc ()lll" c . llim Ill',illitlut(+'i th'itil lil. iill if c'i1 se' I.(.



CORNI INVOLVEMEN1 II 	 t7 

port'd preyiolsy 1:32,55,1561 and 'asio ally s e l ill the vitamin .\
 
deficient rat 12011.
 

lspcially (listorling is le' paulcity ) intlluiator. the reently
of' cells ill 

IIIelted cornl'a. K;11orneal "infiltrition" has benei dhescribed as all early. prom
illent coliopll lclt (f1h xei'tipliliallinic. pr'occs, before epitlelial integrity
 
is lost [17,32, 160]. hIut it is inhCl' whlitlir these olbsetrations refer to 
ilflannaltory cell infiltration, which in 01lur experinece aiild tlose of otlhers 
118,20.6S,7 1, I.1,1.36.156 raldy oc-crs uitil late ill tit courlse ol ]lonlnl 
disease, or merely stroiul etlell',a Althol lh iuifulitory Cell infiltration 

is pronminent, histoptlnholgicall]\, ill corneas of' vitllil A deficient anilals 
[27.16 	 ,165.201.2151, it has not beeti convyincinglv lenolnstr ted ill pre
ilcerited oir newly olleerated xer'opll liahnol hllic Corineas. Most iopor'

talltlv, se\ eral cases, especiall' those in which liistolpatlIOlogiC m erial \w',is
 
l]itliie d s(oln l'ter Ilt'ci'sis c3llllltn1e d, lar'.ge
Ctained areas devcoid of* 

keratocstes and so l ring collanli i'aginlentation and dissolution ini the a
seuce 01, sigllifiicit nuiniiiers of' iliflainiatory cvlls. Smith also toininented 

--tit palu cll, 'resh f' keraIt-..city ()I* ijolaIillatorvh Ihis relatively 
nimilacia 11571. ''lis snugests theI)ossilbilily tfiat sufficiently imnpaiir'ed 
v'ilamin A mietalbolisi results ill de'itallization of coln-lial stroilia, with sec
tndaryr infiltration h iiiflulim utoiry cells. 'lie Cornea ol' the 'itamin A de
icuivit rat is illre,suscptible to oielting Iblhlowing traluuiia tial is f iat of 

pair-ei-d cointrols 12161. Specific vitamiiu A receptors have beeo bintl ill
 
C'()'iieal ilileplinn, stroin a. anl eu1tl(itliuli [2171 ililog oth' tissues,
 
while \itatraill A. applieirs to el regire'dI, for lnorml glye<!lroleinll iclsyl

fltsis ill (tie rat ci'it [2181. 'I'li man'r in whicli pIr(tviil dtficicy,\ iiia\1 
c'olitribiltoh Ito 	 If local inl'ectioln, be dealttlse chiliges, and t'e role will 

with llter. 'l'll' beficial elfects tioasc'l'late therapy ini tIe bined rabbit
 
cLorneali 1219,2201 additional nuc'lillnisil that on liet,
siZggst alii Imay bear 

prollem. Iliounh co' uic'al eltiit, is not olserved in Classical scoui'\n" nor
 
\vI' )rl,33' c'liliical\
C,iS(S sco'ltic. 

l'hhi 'clic(-mit (X..\ t'gttl\ ]io t tyf)iClilu'lcers -I) (i'I ((ol necrosis.
 
\Vl'tli Ihis is the iloi col'(33 n(' is iiiiu (I' fit' y'nts. nilre]\' incidenltl, 
klo 'i . 'I'll, ILt Ith itall \ r'(plith lliuit' i ouis call be se l i lthe sililit 
ca e., ind oeasioiill I' hlilllit' e\. slif.teSts tlhalt ifone to's ilt coit'ilb
(tit' t( th llolr, t1in it htast rat esit' stagi.Ig )lsts iloil the 'molli'sv il'i 

(3 iilillluil ldistca e,. 

Co3rna'1il dissollhitioi is ,hlllll Ilcl,I.bollh 'linia'ill' alid histopatloltgi.(i
call hou. lll'n. ct'5 ) illlv i li 'l l Iit('rit' ('ist' 1, tuIatll lgory6). the
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6. Corneal involvement 
11. Etiologic significance
 
of local and systemic factors
 

Local factors 

cars [.I] rcoil( h(I ty *L'"xro 

;1 t,11 l 'c liid ii(it i1)Il\ to thc euall V wrll i i, i l'/i iii ,'itiLiiii- lated 
,li,',L,,' Ilildc'. dis'u,,,,ioul. mw "]Ll.rilli .", duc' to) dhe reilsed tca ring, the. 

,tIII I . IIi l(. i,I (h (.1.-is( "I II I'I s ill 111t I riIl 

( )i 15(1 eiNii NlIkenzic ize tw s laLhIIIIidi" 

tiitL I to ill whIidh tlh (' ' 

Niuii [22 1 ht'lic't'ud that ('rsis was (ldi' toi disLub'd seit'Lioii of, iw 
acIlial d a]ld. \\olldil I1P-1 delliostratu'd thaft thec primaryv 'halu.9, i.,, 

h'it ill ra". t tsa irltilizii/.Iil. iiihl sia. andthIat the la'criiiiah glandls 
ll.t.,t afli~ctcd lintil lawh in the. diwses(. sillce Owtn. ]ac'riml it ,l has 

rIa t-' ) (- I II.[' Iti()I c(. -X(- t' tohI it I Ii 'cte (IhIt xw n Itlkc (-y s ina\' h)ok (I -\ 

jyi )I "i'uir i'iin to ed ill(h pit I'I IisL'ai's. prd(u( is sai(d riliti i iiihalg'l x 

il ithau ii' rablits 12021. 
])"spiki i'si' ii'gai\-i' repiorts. thfliffiiltit's ill asscssinigthlil tear secrt'

/iI i votl liihldni'i. and liimitatiiiis, (A'th'l Sc'hirme'r VsL lsi'('. iluithods. 
.\lppiil'i\ I 22.22:31. ()i studies indic.ati Lhat w\ir,)lithalniai is Ichrl 
ASI)(iati(I \\ith d.e'i r'iast'd h';irii t, {.2 I . Iii ihi h ,ir pthiidiiction ,\\its fi moreu 

ntIr l tutill ivi's ii' I'iittilils with a.li\i' t'it'ciil diseilse th n ill those of' 
' thwir iiitd ci ill'ils (i-I) .00! 1) - < .001 tlrie.'d 6"i.. 1 mo r'o;h .01 to 

-. 4iup-spi.ific comal:urisons of[ liiiiiiiilts a id their 'oLrols in caitegories I

3. 1 -5, anid 6-8, not' shiwuit iii fiiiirv (citO'viiii(' (h(fiiii ()it pat' 58). 
JIil ill tLiar )rll.ioio i ll ' x tho' ciiirsI' flii'tppi'ars t) ocL eara ii ii1 disease: 

dIrcii'asI'd tiiiig \\sis 1 ;iiiongi. nip iii uiiaLchid cointirolsiii trL 
III mwiiiu'll ILhaal , pilic'nls with \itaii.i.-A-r's-iiuusive .coijiiiictii.sis iuiu 

*i\i irosiskSti ii. II11. iuid Ih,s tri.ilii 't a lul thisi, with i' uj li 'ti'i,' 
\,.,'sis than alum lll. \\ ith c'\'v*l thll ildesh' I'or 1 dcl.,r e of*'ipaticinls tch<r 

WOitill \1 ' 1.)i s ilh](- 6- 1)11 .001 hyviiui,i r el'ii 
lw, Shiiut'i] s \\it s b\tliprotein sLitllus. In all allii\Si ]inii od 

L iilasts ol X2. tL irdu.i till. iiirli-luc of, Iihi tio ll t Liar producLion. 

tLlI' ii (diidiri', Wlin was' . .(. d ., lithdwi'Li trLusfil'iil 

iii' 6-2; 1) liii, Lrauls f('IiiliitrlI .01). Fvi's ill almoiist Ltii (.;si's with 
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1l ' t I'. %\itill , I)m , ' ,l ili i'ati. N.ill m lil ia'ill(-,l'it,,6-I h 1,. I".tll'. '.l h,.,iic 

ui. 1iihlixi1 VI)thaI ithl 

IIilt'h odi itIt i i , 1s IH , 1.ir' I j1ixxI.\,i2' ils m(witi'h 
N.ill 1,' 111 it' ll 'Isi i"iir, ililiihalmiii lXX tii thir 

I xi4l-n' -, s adl 
1f, idcm ,\ . I l., ,, , .ill . 1.52,,,,,., ilnl,,. SIi il 11
 

hi-vill, I,'ss had Is h.i, (& Wiu'tm1n."lhlis ill;\. itlit,than 50()m,141 , dmin 
all\ iI tll('S(' childl-cli tlrit-p,-cct'td fim .iciiliuldc~ihd tion. siicm (Au, tF a 

h'd it) +lp'd~ilp -'dil c'dc',la. Ill 

statlis. 

"'1h'\- h",lpitc' (Inc t,,dial 1h<'vi dch,, ritio, 

itlild tt,,ri:;ill( ltioll c t.ct] 

T111, '. I tittlill i.'.,is' ol itm ilitl Ilrmll tllc 
ud,'llli , ill " I oli tti t'lm iI(& rm-

au ' b\' \, .A.,,tlh ..(Illtc ailmurt 


ililhl ,'i Ill l ] m rll-c'dll ihhn'' . thc'
 

crc tll n'ri lllh tll(.itti ilA. h li i'm ..,ilht']1i"'r
 
I.l rt' i~stiltils. 111hturwi,,c m r 

,11It, I,(,\ ',, ia.h .utct. ,. 


tI,l )1 .\,'cl1'(d dt,[fiivtl tvitring C'h h.l6+-T!q)- .01l1) liar"tirc.idh.
 

B lm. ,, to1 ,. fl' \ idti-lit.
ihtmiitl A.th 'rilp\ p~rm idc.si,,attild licl.r I&thc 

I'l] W ill.ts t'criliol 63-k.To) ilililixt''CHt 11\itnitil A\statusn (m1]);is't i'l lh 

() iI , lr lillc i'lts,. tll(- tratllsic'ilt ()f'flI t ,tt('Iitil ilhu 'nl-it. it1", tir. itild llidlilrtiti

lrm,illit-11t illsc llamll-Ii',llr r'Idldrt'll. iltal' ,i,,hliit'd totc,,Vt'']\ is, mtpil)t

Iti,'it,,,\lilm rt'-i..' d m ] \it~lilill .Ath ' L. .itlr'1111) ,'.\\.it" dc~h rlilim -d 

A, \(it(,u(,-it (I~t\ I c'\', hc <hy~imu atld dc'1,) s."lTc lpr~q)(wlrtt cs illct''"r.st'd 

( . r ' inlt k ildh -t (m lnt m hl lim . th 1 1 '(ca' lit.h()I( i t, ilsl a l il 


,,11(11 a tchall' ,:ct.. ,,ihichl vm ,h,,,,: in lld 

1' t d l tr d t, ,tm l'( 

ill llt. intiktl h,,.c.ls thim+ 15 ( 

, ( - to1 1, .3! it, s I'Cilh-.t (r. [i .5to1 1.5 •r : •1.5 • 1.5w 5)1 ,iltr sii Iilf
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IIt1 I I.I1III,\IlV tlI IIII III I 

'.~ \ ~,.lll t i (1lir~ li 11,illIi 1)(011 ilt-, i lll ] i~i I-('I, N,li 

11,,li 1 (((,,,i~ ZI)I t~ m;i,1111. (illItii . l wlzi zhlt,- It dk 1','llia d 

IIi,12 ' \ . l i t()w' + 2 ' I ,lia ill." 1 . l f,o, .,l.ht\ ,'-,illt, ,~ (., .:I) l \ il,, h \\ ll"I 

I,, lI ,lll l lild ':", IIm,.II'to,,1.' ,, 1 't , it' m II II hillf I t l - , lh t 

lilt <,l i 1 ilk,~ (1,\Iil.1ciinlil(. I.:.'k-l ild du'(lll till")sr illl(ml. 

-11 flit~l,ll l ,] i <II, l,I l I11,1~ l l.I ltI iiiI I l(tvl,S lldl i (_,(), 

. ,)1,I)l liNli 1', I I IIl Ii~lI i laili lI ..(Isi ilI t II.-a lm t~l( & 

hlI lli - I II I,~ ll " , ,I 1 17il2.il).~' )xil l iH , i I)IINI ilii(I)l 'lool(lon Il.I& 

( Il, i >i ,IIIh IIl IIil),,l i itm ]'i i It-fici(''23 9 1 ( )cI I , llmI I i.liI( l hI Iii . 

I I'lI ")111 11 %III' ").'jl~ iI '\lil (ll(-i ( I II (I I Ih1 lil (a rt"I I I ssI' .11- 1 (l id~l 

t' . t,II . lI hIII ' Ii I IIII Issi~ lil t(ti I (.0\\ lt.l11qi I) II II ii ,vcIIlI l l \l l lll 

2ll1,i.i li1 ilh lil1le 11;1 ll c ll l 11 1- i id Il 1 1 

(I . 1' t'I . itII ' ti hiitiIi -,q l l,i ll, I i ii il~I~I- ;il -I il,(1 ll( 

A,'~l li il i'l t( ;II i I I ;i .lim t il''.11 1 IL~(lll>, III I t l I fill'lI il d c i li liht"li. 

' 
-,ll 'l .ItII1 ,si,i III-!, III . I ) ii IIh o 'i l I)I(. ('Ii.III 11 )' 11i rII iI 1rll l Iii l i t I Ii 

,11i itimll.iIililkIll(, t(-n 11iI)IilI k(- i'ilii(h'li (1 mt",,ii , . . ril,I .(.IIii I ) iiisc 

' ',w , I dc1,i 11111i111,il "' cll,,l' ' li) 3 iliddh'lh'iIlIMril,i lll c'p iilic'lial]I'lil'i

,ith ,ili'11i ~ ~'' il illh ti I i \ill~i < ill (I(llilll .,, tll-lik( oii;i<. 


\Itli,>wid I till- i(Ir ll<.i ,l h li\(- ,'~il l 'l' ld tl
\tillIlila li ,i llll Il 

II I,All(~II,(I[ll,I 1t- h1",'lilmliiwilli. ) i'\l.lill~ \ cv tl(l'iLlcraIlw ,'lts 

-1t. 1 1ii,iliI i tIIII ir \ II h l Is I (h II i <'ll-'i',' , ll,ii'tii k I- ii s. -i I -lI- III 'I til' 

'll Iii'l illltl ttr '( lUW . ( i 4 dc% c'hkl.I I lll1h I l d 11lilI,\ t s h h l Wi iH1 Sl ell 

i1)iii i i tit 1i ti 11 \4,--(q I I ilII lilct .1 A\ tl)lh .;Il 

\ IIII, ) l 1 ,11y ) 11 t111,, ; (-(-\ 1li !IlI, ri') t /. i ,ill ,ll I\\ )i iiihII -;,)i'iI i' :3 




may hc iliu t -,ittd rcla it , n a'l,', l acI',k t thlis~t Io lilc djq 01!'lid ac'tim 

sitc.
 

t(Ich'-'ia und .tim_"i 

til's OFlt ' s td lti stillikitti\'ihi 'it ic riilitil li'i ti , sit itt it r cli . tc' 

clu1t', hr,(l ill Iar,_' miudw,,s 11-2. 1,56-. 16, lh,9j. Tlherc. is rattl. less t'\'i

i 'lt 'to' i l tl i 'i(, i '.its p ) \ lt iiif)'''lp t tilti t t i 11t I t'st'o i mit it oll. 
in 1(i IIIcct II m Iw r()si.,is Im., , , re"pl l'il,] f I. ..t II)I Il t i [ att 

priii ru th r h"ilt alo I.ii isi 'i1t b ctci. iii ii. :i' :323il. :3(iii low lidh)m',iag vilitiiliii,u' ilul s t'rmil I.-Orm.'d c'awsd"s plicaq'r t A.the~rap . [,56-l 

Il i tt iI i tf' I)t . 51 . t 'I( f',c IiwI I ',i itI' ' l I tit I IiIli)i (-ria 1 7,1t 5. 2 tlI , 

and l-ri lt idlf lali'u, itl r{)lih lllic rats. ol'tells illt'llu .ollfit' " is 


01 th tnt ils ) 1:32.39s 1
i stilmaah,(.11t i ii ' t 't. iiss'Chip. :si6S. i3", 
Clinical, I rk)r' ''r l ,,llth... rihr is, lattc' illstautucrs 'ii ,' c)'lultil'('., 

fi'Olll I] 'l.rad] , 1'(1.1,5. 1IT . it it c'tdllm ,' dl(cs nt dlisliii iishl prim tr v 
/I'it 'II lO.,,al. i I I pi I it i''iIs''IO)r \ I',I ilm' en .'d t i c (.)11,. -tits FndanI(v I cid its IIiit',iiIsifit lizati~ll.( 1s ild -,cctioll 1t t )I r if ctr,, itiIiii1 it tlst 

Illceratc(d. "1T hc Of1padmo(_,'cli tic ,r lliicilllcr. ip(s'ti..c (-I' lllrt's Sh] uld he' 

ill l tl,. 
' 

1110 '-c 1)1.,\ alclt thh'il,,lll h, II lcu.t't( c ] '",'\.cS. V al+lt l l t 

11.]131 !S 1iul that Ht ' 0r4 1HI 1"I Ot11 t'(,Ty Oft ilt I M11 ]Iic On, II sIII (P l.'.

dunlowl . I'll 'll+.+. i. .\'wcocl St~lph, pyolgrnct+. Kh'htmictlo.. L. co.li. Or 

Prtril'r..t, t r I i th t~l ' w\ rrit,,l ,uOf stt' ica wr i hl mia.'~tttt ll\ c Blt i all-~m 

,
I',11,t l. t l JH ! 1,)t ',iha l ilwlodl11(m s rth -tt - li t f lilu i n 

It)Ill <m it+',wric", iltwhiditl c' ) tro)ls- its we~ll a,, t,,,,es \\vith w.trop1litthl il t 

;\,t ri m- w%(. ( : 11* .i\ct rtlt'c l swa Ilis iatndt scraplili +, ill+, 'r , 'ih,. ilN ii'c 

Il(' vitah -d ll(,]. l t 'c (.Orl ,, s \Nidt'( . \,+ r c'.d llist]+. mtt(t i+tl,,Z l Of',On-f Tell 

-, ' Oi+ wt, lc c (d \\F'. coh. l '. \'%cyc l p,,'t-c)'t tlt ',11ll m ' )[" tatc" th 

tii.ttid (h,wtc Tldch 6+-51. TIhc. ]plt,,,iltllk , 01' lp, ,itikc cliltilrt',, a, ttm i ill 

c.rrah ' l l dt ]IO 1(i alut( .d OF ,t'r-Op ih ll tili' pl) ili t~s\\its sim ilar, cvc('l 
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I)',~ h- i,, ' mpinl;is',( l mo ,,I, l ,I ,l ' ','rim 'd c'yc' ihls I,', lc',.n tcd ',til 

iil ' i (I I I l(i l N. NN , .Z',i L. i \..i l( (ni Id'lh'.. (N tiiiii'Iiui .Nil. i l t .-t 

7 ' I't, liti//ill 12. . l r( i//i .3'. i, ('Mlid / ji. of i i") "cl']altt,,1,.. l~ ll %;I,,( '' I-r lh-m il it sil' dr (..\ \ 1 col,'t'lva I'm m1 . .i' 0 1r l 
o -li Ilis. L l i . i liIll . Il 1'IdNI ",li\ N Nl iih" lii jililill iilu 

h '(liIAll'INjill 'I ittii( ( t mlitil lika.ii In'Ctt fromhI 1liii ti \wi r Cl'id 

1I ]'1 t itl lim 1 .Lii .I2k 'i i n .'iL t If(3tilt, It' i'(I Iiia ' ti hc", wsI L\It 
I II )tI I. )IIIt% V I I Nmtls lltiI I II t 1 I liii I i .( I Is t IIIi~i~IN t'l~ )1 . 1 1 111 (1 lii ii i 

I ic iiitii 1iii! tiid iitlu Ip 7ilijli~ ditt. I 
l ,t( ilL lL I'u I l, s I IvirliL it sILIi II IInhii ,iiii ('I1a c ,i 11i - i I I'ti triIIIIl ilt IhdI l i t iI Ii.l t . ')iS o i N ihis , li li thIN i jLhi -i l i-iI )IiI.hit 
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;llp a~it 11 ',1 i4llil-il ,II:l('lihll d 1),\ flu' caslcl-c (dl~'i ''ii~ i yi hli hi 

ril,'\ itt ', hlivil M mscn \ h n A. 

I,11 ', \ ,W, I 20,,I t ,_,(1 inuiu -cdr'(3] liini Ili(- risk I,ill N A, I, as (')Illl-

O wl., (llt'i ' I , Ilit-11i M4l. s,, i l . \ahll,,, ili 

Taleh 7-1. (i'il.ilhim i oil rr'Lilli \l'i l (t mnild 

i 
0 , 1ili ,l ,, c 2011 (11llA I,, I ilidaihm 14l 

i l'lllil Al l l lr l .l 

ipo. ,dl) XN N I I~i'hll11 ,41 lihl l 

Totali 2Mt( 261l
21) 230 1,1 

-II II t I I 

I ( Clill"ii l . ,I 1.ihn 111 .1h0 1.111id idl i il l un ' .iaw ,l ilm 

1i%.11 \w'ii.. w 
i 

I ll i i t'd (-llliwk ill ild\ I (illh iillhd , 

,IIpa l "I' -I1. ,4 n 



kct'~i IilMAliSi L~ 1 17 i S1 w isIli~ i ii iiI rcl i sIi ii ittit'i\i isis
 

C,,I'Ilo '1S11 1i t lifi tlm ilt!'bb it
 

iii i i m il \ I.( ill t'isc \IS i )l i l iic iJii' (-(j iIsw ( lii
dli1 ~i iistI 


'li i i I I t i ciX ii2
" I,I11 \\ (.1 1. lit" I'it lIIt I I -Ii t, it I iilli c~ w i I I1lj Id i'
 

stid 1111' tii s(()'~j 't f 6i 6 it t'i0i 1st 's1.i it S il'lc1 i~'11
 

.(Il\I. i t 'I ; itl ut itmIsmjt\cmt'ti(lii Klg '\ m -.. 

ilil, iit ii't i idril tid 'iiali, rsid 4 s'i iktu iiiili sis e1114. au iii 


.1tt li(-' 1114 M mii Ir Jt lIl 1411 'h l i iiv
/t. i. tll ii5l lii uii i lc ) ose(i whose 

liii1iii siSid ' I-sprc'ia lIi i.i 'litii 1 1 ,311t,2751.Iii
rmli' I 5 1ii iii , iii' Itit t (li tS('
 



l110 RISK FACIORS AND ASSOCIAIONS 

Tluile G-8). ()h11 3(YX oI" cas's ol, vitauill A i'sp)iSkt., Ilitot's spots (Stidy 

111)had hillmUhi levels below :3,5 g/dl. 
1:cEleiia vis p)rvs'nlt inl 29%(lloI' cales witlh voi'ial iiiulveineiilt, le pli''

alilce increasing withtilie severity' lt'isias (see ig. (-3). ()il\ *117(2/.18) 
ol" cases of' viliihi A re'sploiisivv Iitot's spols (Stildl III) wert,eIvelillatohS. 

ii rate significitly hlow (lie' IN(; for oliiU(,il s'i0sis (X2) (I'<.01).T wl'enty-

Oulil i'iil iOf' llhdwjil\isv coiar)isonllS, lbiilttoii(l citsts in , lil" ih 
iitlitd cotitrols. were ediititoiis (I = :33, p) .- .()1). 

Although ,(hlilnl was 1ot coiisistlitl' ;iss,.ss(.,l until lit ill Study I\%its 

jil't,\'ii,lie iillllig ipl's'lltl-ilge Ilido-ieall .lhildiei was well helow V%. 

Clearly Ihe rlcitiv'e risk ol" (.iIt.il'n (listLdi, till l iiiillil iichlri is 

exrti(iel\ high (proaibly >1(:1). Bl ouln oin,-iiid or less of, cl'iueil 
tlilse, (andll Icss Ihiui onuiehlih of*" l~litlllil] (e'l. s) had(edh'ill. 

Vitamin A-protein interaction 

At least two fiti'S WiCliuit lo theiassociititii lttweein xiriplialmiii lnd 
pIrit'ill deflic'ieny, ()ne is di(tary: it is irtasuililalt to slspet that ehilhdre 

....... hose dietls wiel defieiil in prolei il likely to hedeficiet ill otlhi" nil

ti'ieits its well 12711. li at least oiil( instance, howe'er, the opi)osite ioe
ciirld 12771: d vlieiatel p)Ol cliilreu Ioiced to sslisist oii cassavai (i'icluid
!'l. its leaves) were inalloiurislied but relatively fire ol' xeioplithlliilia, 
whereiis uiiitblillduiess ind Itol's splots wvre coinion lgi ltheir Ioth
ei'wise better nioiurisheld rice-eatiig, vegetdile-avoidig peel's. 

Thi, othller filtol" is ulletabolit: a direet interatiii hetwelli plrt'ili id 
vitamin A staliis. Ill )roteii (lhfieincy, syitliehsis of* iretiiol-biidilg pioteil 
is depiesseil and the capacity for retiiiol traiisport th ylreduc(] (ClUilp. 
1). Evei in tIe priesect' ii' lh(tjiti vitaminhl A stores, stum vitam\in A 
ltvls mIllb low 15(1. 1lih-protiii dilts call i'is, sellil \'itilllill A levels 

113:1,2ri3.278.279h Ib 'libeiatiin liver stores (278). Siithi et ill.retiiol 1roni 

12791 reported elevatioin ()I*)th seriui \itaiio A and total Il11) witlihi 2
 
wi-eks of' l*Ve-dilig iuliioiirislied ehilheii a high-protei liet, iltlhoiuglh the
 

)limitanlit is(e ill 'iii ill these sd( .siilut.imts suiggtsts thlat
caltlotil 

they' illy h 'vi siuhlltslllllil i llill .\-ci lii i liig tilt,s is w'tl ligeilp)liti' 

lvltk 12:31 ohsvivet it dol lilirg l' both sluilll vitaillii :A adil(total IM]lP 
witl 8 dyiixs Ifiiti startiig chiildln with k aslihikti'i i i liigi-lroteii 
dit ]proiiliig only i0IIt () vitiiii A pe*r diy. IEveili lllor() to the poinit, 
we shill stv thiI te hlo-I11' r(sliise to a iliilssiv, (losl, f vitallili \ is 
lii'ectly relatld to bilseliit proteinh staiiis (Chip. 1:3). 
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115 NUIRITIONAL STATUS 

Table 7-3:. IBmrssi lvso ( tit ifi* j i\ l lliidni 

Chliical 

Statmi. 
tt'zdttt~or) rI/ ill~vivvpt ,,hyv/,/I' 

1.9 -.1.521Niwnwl O(.,S8 1. 19'1 2.33 

1I .. .5592 10.352 --l.lO10 2.1.1 
- - 7983 2.130 , 1.792 1.51 

i -Is 0.961 9.313 -. 1,199 0)39 

1. I'rin Tlh 7-2. Licenyract,",,lett ditioal ,lmctis alot smr1alioly b.led ril n 
A\ lld atllllill Iv~vl, Im r tl' ilth- 3 allimillltl v',lh-gorit,,

,l;111ll Viaillill 
lhl, gi%il" 4-411.1 %vitalillat like Ir1.alifi l ill at vid' till tlht, dalit linitl 

ahomtg lilt- (.111v".. silruv nole M, tilt- ,dn mals hIl vm ,tl.111millZ! 191l. 

11.1'111,lit%hMi~l%k'(tt-willh'd I'm l tilt, ,alak ,i%, 

Flrmln Sommerll Ml l. 12591] 

11r'tli (dI.fiCivlCN'~]])lst A lit additional loci, nlot simply by depressing 

apo-MI, svkithe:sis. 011' p)tential silt' is within the' tlarglt (.ol itself,. Pre

limiiarv data 'muhl oIh IlydtIrabad labllorivn~s lat RIlP is ..suggest that cellu 

d(lr(vssild in protein-defic'ict rats [2871. 'ranmsport 1f1l1 is not essential filt 

cuntr" oFIretiuol into sol , cll cluitlr lines [288]. In the presence offlict, 


transport IMIllP mt\ dlcrease retimol uptake. 
Noti'til(h'ss. ('x 'exet aniog clhildren "ill ('t'xhetis" [28)] protein deli

cie'c" aptnl s 1m }t' (t' littlh i(.lilldr c(5'(SI'll('' IIIh'ss tc't'om lli('d )y 

p)rilmar' vitanli Adeficiency..\ ()lhrwise. one wvould not expe'ct the wid(l' 

variation ill f''lUl'lc\' itl'ocu llvoklcmllt reportl'd in k5 'washiorkmr 12,5-11 
I)t'spitc ex'trlt'l" lolw s('1-n11 vitamiln .\ h\',ls il, lotlh Smith's 12791 and 

Iuuz'uludec'k's [26:31 studies, ill' chlildren wt rc Feie of xvioplthllilia. Cer

lainly (.tntiall c1sts illoIlr ()\\.It ril's sutf;rcdli'tln (dhlh'tc'd stort's: ('ssen

liall all r'sjlulcdlth Ito adlministratinl ()I vitamin :\ with amioutpormrintr of' 
itamin A. alomt, iuldlt-c(I htiling ill e,\et' Iht' mo~st stwvrtelyvmIandh-~ll 

protein h(ificit'il, childr'n Chap. 13) 160,2.16.290]. 

"lhret. Stildics an' ,et( larly (Illolh itas videnct, that protein, rather than 
\itallill \ de'icit'u(' is t'spolsilc for corncal (ropl)hlthlthnia 1-12. I-15. 1791, 

bill stllt, a' ilhcompatibihc with Ite fiurllutlao preseltett above, Yap 1.121 
oliser\ 'd tgreall'r dillicltvi(c in s'rimi alluniu than vitanin A levels ic
t't'l It(.l ease , "\'wrptllthahui" and It o' "keratoualacia." No inlbr

mjatitli is prtoiidcd l )o\\- these, 21 wc'rt, svIctd From tillvast pool avail

abl'. or ho\\ ht, (hefici' his tlrlls. Kiluim [1791 stIess(tIl that il(' "sine 

(Ill)nui foll" is m tito " only (,x\lnilld\t.rlllllullia Iotil bul 
childre'n iillva~dk a'dmith'd Itir iprtolvin-ellergy nlmihilh'ilion 11361. Vitaitudl :A 
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-),). (')I IW;:?. . ,Iw", Ilic(nwlical discase' ill slildh I1 i ,,ll \ i]d 

I, I l ( I t 1 () 1(I I I I f' HII I' I II ; ( -i I-, S IftI I II I'-_l , I 'I I I III)I III II ti I It,l ll | 1 

il ,,k l lt. c l 

I l, ,I...)l ],Ir ,, I I11. ua s~iI I't wa. l ,; '. 
. ( I, ,,, 'l,.,,I II III ,.,..'n t \ it I)lI( im ,I c The, p o Ia
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I I, I,:t I, , tI ,II. ', ' 1 l.I1 I , )I " ' %tI r-" ll ,S(Y I d, still1(LIrd \l, i,, 
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http:Iii'2.Id
http:av..la.hd


18 RISK FACTORS AND ASSOCIATIONS 

cour-wide slrR'v( Stiud IV) ar rteu,arkahlv similar. Auong the 22 cases 
of a'ti"T c0rm.eil disease I0(.5 ) wert, at least moderatlV wasted, 5 (23%) 
se-erc'ly so. \\asting ilnt'rasctd witl the st'vrity of* coireil iIn\'01L-h)'tell( 
(mean 76'i vs 8,3,' of' standard Imr X3 and X2 respectively, 1)<0.2), and 
was siuifi'aul .vmore severe ainlmg cor'neal thanl uionuoruueal (Bitot's spot) 

cases (bean weight fiw height 80±.1 7', SE vs 95M 0.5%; SEl reslpectively, 
p < .001). This col Id [lot be attributed to a difl]erence in thc age of co'neal 
and uoutcoriueal cases: they were similar, and the RInau weight for uuight 
atong uonl'oruueal ea'ses atIleast 86% at every agv (Table 7-4). The redative 
risk of coineal disease aumlong iudividtials with ( <;80%) and without (>80%) 
uoderale wasting, as calculated fi'om \v:sting-sletific prevalence rates of' 
active corneal disease, is 19:1. slightly miot than half that Calculated in 
Study I1, 

In contrast with corneal disease, mild (noucolrneal) xerRi)]thallia was 

... Tabi 7-I.- M.an j)(I~tRIIu ()"StaRi(LIR'd \(Vilht hei I.....Ir h...ght 
ag~e and chlicial SLhdus 	(S(11(1% I\) 

Clinical classificaltionl 

:\tv !t~i' Matchtd 
iars) 	 ct'llrolsv. Npots 	 Normal|II 

{')	Ii I t-r I 2 ,GI9(3 
IiI"11 ]1 1302 9i 

% IIIIIII) 	 7(r -2I25 55( 
.59IIS~ 94 92 

2 	uuuihbe 701 64 570-1 
11,M) 91 9-1 93 

3 munl.r 	 9-1 8.1 5773 
I11ali 95 96 96 

A munl. 	 71) 67 5327 
9IIIu59S 99 97 

5 	 nImindr 97 ,9 6-125 
ItiII''il SJL 97 96 

T oall:3llllhir 	 57 :339 31,1. 19 
2 9-5 96 95 

St, (.5 ., 0.O5
 

I 	 5 i O l I J IIi IFC117.1, it Ii1 !t(s,i -drII id wi h vhat la llo II) .15.5 cIl. 
"2 I'm (li oll Ill"ase ac \trolih l Il%h&4 ']T,;[ liill . ' itlive i' m-i'iial i al iii1 , , S . 

i 2'2%. I ilhvic i'll liiln t 1.'1'll va1,1iivsa caw ' M I.iv III 1%% cill'llit-itl d Bliil'tSpotl "' i 



I a ilk ' . . ,n l l l l( l \ lt l It)l"III -' '11I I,' c,'l (d1 stal~Ik itI - ¢' ll11- S t I 

)thhIit I th
 

9
lm l,'t II .
Tota"lilll 


X l ii 25 12.0 2o1) 21.) 4.4.0 

M2 2.1 1).3 T9.2 62.5 

N 55-S9 1.2 1. I 3.1 56.1 

lio.
.13 35.7 0 

MC 6 . 2(.6 07.2 
XIII 70 

I 4.7 

N 570.1 . -1.3 30.1 G1.7 

XI II 91 I. I 5.3 23.A 70.2 

NC I - 2.4 20.4 77. 1 

N 577:3 0.5 2.5 20.5 76.5 

XIII 70 -. 1..1 15.7 112,9 

MC 67 -- 20,9 79.1 
N 5:327 0.3 .. 1,S.3Ii 1.o 

XIIB 97 1.(0 10.3 8.-. 

9- 15.3 ,"4.7MlC 
N (0125 R.3 1.6 20).6 77 .1
 

Int d,.,l.hid hIm J,,lhtf.IT7-11\kith v\lV,);tiat-mdol, .15.5 m ,
d i t., 

2 \1( ni tt,ic hI., N. allim ,,uIltlildhww'
 

ii i ilw d \',..,ilLe. rl , ,-ll t I w i ht i 'ildh
 
I .. t( ,,'iIll '', "p it.. ( itlibiltili l-h iglht he iiht
 

Illit.'tllcia-'d willt 
1 l ,1 ',ul Blfd) li -. Itli \,,w fi'M 

7- I' (f uw ir chcdI, 'LIh TI1IIitI, i-s I \ \ ide14 lic;hi tholi. ith ti 

. )111 ) t\hi ,, hlicalt (I ho ,0i11'k i )il l III 3 ill I NV. "l t' isi i 
I.
 
( c(tll l l h I l 10 m l(11lli)'\ IL mll\ t i ( m il k it i 

v :r. lt '."pI~it". '-tli(h IV 'i .k.,',,lIMfth.i tl h,11) tllllwI.-i[ '; ill 

;/1t0),6 k. 1 ,'n.', ]rlabd( I() Ih1cir'111.11(It,(I (,)mllr(,. '.1) A .( hi IIw (lil]'('1 is. 

'il lll'11
'11 111i 11,2,',11d fld~ Ilwt i' I ilio)lill "L iJIIP. 

hI mlildI dl . .;atill",]hir,
"lhi,. I.I.1k (d ;1.',(wiati,,llm-iv.,, w n'll lmia and 

1 I 'l, l P 111111 i '{{'i~ s. " ' h 3 1. ; ti ik 22 t,,1 'l , ~ lt.i w h]mi i I d ik 1I," . i I. . i I . 

,:i ,lu l '21)(i!. ll'-d, \-.. c'lillic'All'h li,\ltll i Ilw r'c( i ll"Illfic'icill i riaI Il. Iaki' 

l,'l m-,I.t v h mt,'10 (11),2 7,,"-t,t \.',"t-'11111 \.ilulill A h \',, - 1 ()r 


\ 1-(' ill! lul, il 'r(lih l illic . , , Iwtt 'ltittt illw i{ ill\m h. ildh,- ,. 
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Fig. --I. (1hihhti hti ,I c . iclu i cs.i',i i'11l l '.1 c, i'i Ilitt'r low) theirI agS thall 
dhmsc \dhw had( Blit(I,', Spit., ,p" 01L mid u'hih 'ldlv hilo had( Bitoit's spo}{ts w(vre 

,,hwitcr Iha l Ilhviru l,l .lit-hm l,,s p . .)1 "rhc~rt.\\I"s lm) s,{. ll[ii llt l o-lic c( i 

1114-al lic'ijlt fi i.vrliiIi ',.'ll. ra d m ,." llipli, ll l'im iils a dwhnd imatched{ 'olntrols. 

Stud\ IV. 

tit" lp t'. ,lld lh(K r-.s, (d' lll p yliLlti () - .01. Ill cmit'lst to wai ng, 
C'\(' MildI wn'r( ltihduli A 111 wasv, ilssmi'i;Ih'( with , 111untin : (c'ts(u. ()[" Bi

1 i pt \l, ()ill thu( m cr'it "2.6 u'm thall the(ir. 111,t(hcd( co(ns wrc.. . ,ho)rltcr 

Ill Sri L kl. Bi,;;I "'ih ts m-)t !':[tr.fil-r ('v a'~ss(kim.ch d withi Stuniting 

thim \ astiwl !.Tl]. 11(1 ill 12971m~~t, . c.hi](hvil Sc(,,'-dh dhc' with 
I r' .,, d.( ,,, , h \md sl ( i f ' it il ~A.\ 1( ) /tt i,l l ) w(Vr , 1 1 1 0 1-c s (,v, ( , 'c'h s t h l n ttu d 

tha~ll Olwsc \\vitl hh 1l'r( .s1,. Il it (lX ''))]lllli( ])('i' \ ia l c'hildr('nl, b)u'li 

c(.", l'( it.l illtlki'.\'1 was s l mi-rk ,ssm('iatcd' wvithi lltinl(d( ]l{i tht t2 .(.! 

Tlw( hilimi{(, a. {(.i;ilioll I,, ~ ( w nyl'(ihtldia ia uild stlllltilit.,. andll( t 

ah i cc( , dltaJll ,)cisw iatio)ll k )(, \c,, l w (r()lillhadllila ;111(1 \\' ili ., w( pt l ill 

," ' '. X"2.\: disc'asc)', is, rci' l-kad \h cm)l'.sih'clit \v0 1hth( 'lc l'(. ()f' 
I'lill~'S(l'i~llli%'{l) lr\c'( ill \ita Ill :-starlVcd( raits 12:3-25.21513 : ill('y 
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8. Contributory and precipitating 
diseases 

IIItN%(,'.]ill Illiriii d'I in~lk lt . m',.uh. ,ilt (,' 1ilca tim lli md I u' ri
hium Il w, c rw,a i'lldili-, Ili stalp h.%hlm -Il liot 111miIIl clt-ll' u )I(,q 

Ill . . . hillwirclih,,l,,lus u u~l, . . . ii lillr 'a. . . . Ilic l", ,, 
. . . \\hl plll.u ( ,h . . . hri- u('hitis.. . . m d 1 i "llli.ti \.Ii i e(lhl. 
\,%h,'rc dh ir had I',.,v ii I h(I,..', llu.,lilln. icu clu al\\,,I, 11411ilfril 11-1.ul 
SC'Ic~, dillim-Nd 11,\Llruc' pl 'lfllln Ilch'tIr, 

Spi, cl. , 9 

,\Illhllu ,rh it is, hu,' Ilhla il l an il , (4nlpaliv.nl,, iht- m(. fil, c<lili l ,,,.m , 
I)1O tiln lill .\ (1,' clil .<'\' Is'pIt,' , d l I,.\ rt i,,(dh. , i~tll" ,r in tlic s., 1n1( 

'a,,lliiu ltl, \ disli(hcr. . l i ,,,s . ,, ,\\(-I(' alllll itl) r .(Ilt ll i\.I n, I . 
' ~l h hir u, \.i im'illi \, d (h tli ha,lli i ll u ,. ,)cl Ow, ,,iuli,'.. ll i\ 


.,,ri, lu()wi riu Il hi,
-,.:'.lru i.' .:' l t li' 1h1li111,1nhis 

B(,,,id(h,,lr)h i - n ,r lulhilitriti ll ' it',l ' dif( l 'w". llil ,cT(IG) 111~l Nid) 

it,,, it i i'd I' I, ,cn ;Io ult'rd w ith \tro)lit lllliai~ . I"(w .,()Ill(. lilw: (.\,,l it. ti
hlr ,i. , ( l ,fild ,.(.11 c...l,:dl how..,(. disri,,,iw 1.9 1..95.:2 :2.:29 ),:300ii, \ itl ill A. 

(', l It i , I- -II I (, li S(ill ,t,Ih I iiI, ' ' l.,\I ,itsiI)I( -. ,,t(i tI I,, lIik e,- Ii%.1 I - rn' 
iII,,r'iI I) I , 11,1,1w (m Ip] c\h j, 1 .3): ", 1,9:-L:,301,:30I2 . It ah ei dm'( h I mo..r 

tIli'1 (2 : :, im pitirn ,( ;d :,ihs i(o 191 !..)5.16%,2 30. . (I c'qa11: p . ( Ij. <h( , ,<,;I 'ilit 
h,, .tIf r, )( iiiI tI , iI I,I I6 1.953 ] , inI;()~ , 1 :0 ,))lIi III" I,,. tl, I hI. , ' Il.. 
ll,. I Ill( m lita ij( ',('s[:),()(i 1., d> , ( %I", 


]d ( 11i;,., .., I d l ',;Ii ii( ;(tillJ1;I~, i' 1li, .'i s,.ll,)'., (' r, i'.. Ill (' mh(qI..t l ()I.\these 

, . ll, n sr t t Il(,1 

HIl II,Il \ %I h1 111(1OIl i iI III ;I , iII( r;,w Ii (ulIIs w\illIIt 11t rhilio llilI 

;IlidIitll( h m-i('.llr-g 

, Ih, (n10, I, lt , (.,1il , ,,1 t .,.(ili lz\ FI'lr()l . it.11111liI its 

',t!it. 1", - l w i l t tic('(", m m )tIw'r. x e'rop)lh m vl III IIIaI 

\%<I,: II " I I,II (I,I\ IIt( iIII.Ii (li ,Ir-, [20. 2. .lV).?lT l15, 5 , ):' (),9] lial.-Oi 

I).], 1.1f). I._ :i;2.7.I IMi.I1 12 j!, t, l,, ,iih 731, l. il IH I - ( II s , 1:20):,35,15. I(II(I 

(- (,-,,,5. 13. 13;2_3:1 , 35,2( ~ ~ 2;(;\ t,, .:;2 1, t i. d~,( aii i i I cl (ie h-

I,' l litilli, \l( .( (, (1.1 111. ill li11h iii1 ili ( ( 11.i\ I, I wt,ii illh-i lil h ) 
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12.1 	 K1111KIA( 11: )1\1 ANP -\Y ( X 1A1l( )INS 

dit, "u;l"mi'll rIlw ill' , Ill I-( IpIlAIII.-, illit-Awlis di',l,;I'wN. diarl;wa 

k),106 15 .-),--" 1 Ic ,, I) I I Ilk) 1\ flau I i I I I 1 0 1 (111', .,0 9 1 it I I (I I I I( . I,, It -S 'I 1!)i. 

(;cilcial 111(1 sprclfi( c\lt I)\. M lich illik-chim" di"t-it"u" call 

JIL-0 \it;llllill A S(mw dihil.'I"t." (- plvl dlww (4)"crird ill 1-iti-Ii. 

1-Illiqw.lli wlwl lik!. dirtmi( di llllwl 111,;ldc". lithf-ro, III(O'k, - lliidiiri l. 

(,Il" P h 'th I I I I I. I\ I I(I (1 -1, - \\ I l I I 1 _, .11 ill I I -Iit It 111i( )II i 1,(). I , .2 ( ).: 1 2 

II I I I I (-' I it( I \ I I .I I I I III \ ( I ( -It( I I I ( .\ . (I ( -I I .\ ( I I I fiI I I I II I 

I I I I iI I It IiI )l I N it I I I I I I t -, 11I I I I I t rk, "lY) Illa\ wo, 

I I 1 4 1 1 1 1 1 )1 wo.It IIiI I I I I It ri t I )I IiI t i It I I ". 

II it I I ( i(-Ilit(, I I I ; I it it-t ()I i I I 6CH imi" 1272. 

2 7 -Nill, 15 , ill I( iiI ;I,, I I I1 -1 1 ;t 2( -30 i_( I 13 151 111 m )lit(, 

IIli L ot I(-f II I (It -,_,I -1- , d 1,1-1iI I( - k I ( -I;lt .(I I ( ) I I ( - m (-rit a lld lilra tio ll ()I* 

Ilit- till( vt itill 2 9k), . 111 p ;II I . 11 1 1, I'll] I ill 'w rl 1111ita illill A i ( it 111111-

Ic"j)(111"c to h-k, (.1 12kM.3 Hil. mid imt low (lit\ , itftcr tlic Icin
lia" rutilvilt-d too11(willal 2299 . Ill childl-ril v.-ith 1.1willilatic li.\cl 

NoTIIIII Ick, ck (it i)pp( (I 1)\ 5( Y licit dich (emp ,rahl cwc(di'd IM F 

ITI 
So )IIII - illIk I( it,, I1;1\ 1, a pill ti( til,11-1\ pro )III )IIIIc( d aflk.ct IIll \ itaillill A III(

t,I )( I I I-, I I I ril Ill \ iLlillill A Irl,ck i1n, I(IIItiII(.I\ duprrsiwd ill I-c"pirlittori, 

diwa,,r Ot'imill A (hic" 11(it appritr ill (it(. 

Illilic. 11111 tl;l(.( ild"utitill" t-llq)llll(lll" allwillit" ill cw csi, 
ill 3000 It (Lik. 111"t 1)\ 111 1 1 9 1320 1. It(-Spl(wt,IIII\ Ill- this 1.4 t1 iIllo-c-

I I I I I II I I t 1.11 1 1 1 .I )I 1 111ill 1'11 .1 (..It d c llo- alid ita mill A . Bil-L I 

n it I if .I I )" I it I I I I ill 111.1.\ .1, 11111( " 1111 ; I I tI I i" I( -\ ( I it-,11111 11 1, 5111Y Y I f -I 11, i 

I I -, , I S t\i, \k 1 .1 -k ah t -I t Iit- 1,,,,t I.t\ ( ji it k.4-11:)( )( ) ; . I)it-tilt-\ in tak( ,ird i I iiii-il\
 

;It ml )I( )I I tki II'_' -rI Ill I \ ILI! Ili I A Ill't fill I I ( ) 11 I'li litilif I pn it1q"Ick, ck
 
,., I ' 1 ),,( )1-1 kit'll 11111 - ill I I( ill IIts . ( wd ilial , Ai()II A 'I( Ill IiIn Ntl 111 1 itI I m)(I( .1.,It( 

I1\ 'A), f )1 11 p_,I it -1 :1 !,1"fall I , I ,, hm I,,IVY mum T If , ::12 1j. 'I lit, ;I\ cr;l 

I.i"(. ill ,I -I it I I I \ ita lItill If -\ t-k 111lit -1 ',( ill" k,\ill I ill I J11)\\.i l it 

I I t i)Ial ( 1, ),,( -. 1,, 4 it d Iialf I I iat i i I it( )l 1::l22 1. 
I I ill ." I iII'll itlit .( I I(ill" Ililt, t - a ,ill IiI'll- (-I]'(-ut I )I I al )N()1-1)ti( )It. A I )S( )lpti( it I is 

111( 1 "1 'l, ill ipairf -tI II I ,I %It( )I I Ilk -a 1:32:11. i it il it-lit( -ritk it,)I ;I(,(-( mipanicd 

IA itI.Ilill )',( )1-1, I i(ill 2 1 1 . iII cl In )Ilic "allm )It(.11()Sis 1:32.11. and (,\.(.It in 
Iliptimlilti( illio-clioll m 0l pill iril iind ccrtain Ntrithis ()f V. volli 1:3251. 

r\jwl illicill" pro I\idl. additional (-\ idcllcu 111A bacterial all
 

it ill call i1flo'd Olitillill A statils. Vital A-dcpI-l wil-aillilli,
 

1 .11 , lakrd Ill c(Im rilliollill sill-l-milldimrs grrmv low ()Ill\ it sll pcriod ()I' 

tillir. 	\\till cr,"'illi(Ill (11,111.1mth Smill fodlimud b\ cluil Whell cqually dv
I-.It,, il Illaill ill it L vrlll (111VIII'millicill. Lrmvtli c(mH11111CS. 



Ililt l'.1: If,1'11\N l'. .1 t] ri 

!,4 , II ,,(.,,11,,IIIt ,i' '.'I 1tt11i, it ' N' 1 ' H'isi 

I ,'.,I' I l11!\h' .t i'' 1(1 ' ,II,. II'.\r j -ulV1 

I 21%,:'2h.l3271 i. 

hl,.1(}. it I . Ha mlllill'-'I (11 +u " antl lJH- lr,1,, ,,l A, )\\.l rak', 

'4 11.4 1ipid 

11, 14,41,'h 4 '.l 11 ll i.4 id It- '44

1.i 1 .,' , itld i .1I''tdI i' l ltli l 44crrIIl III, I1,,-4 Ii 

1111 't 4 4Ili iil I \t. ' i i ),,)'4l lt' m. . 

- tt 1,t h - iIIr'_', '. l pa h'l-ht i( 'lilt.-

I+ L' t il , .' ',I, ,111 1444fill tiltil!'c t ill44 ll
 
It,II II 1 0 l I (t- illi ,tn-dill, I (Il', -(I IIt 

li4 ..11 'l'1441,144\\t 4414i li , ii N'. h4", 

4(1141~1' ~~ 141('IId.14141 444' '1111 o44.i k1114.i III'~' I'.14 14'-I-Iit'. 

I)1 t 4444 14I144'4444 . 1'I It,1,1n~ )11 I . I "Fn '4\1)I 41 4 

it I,'I)I1,t','t444 ' t',f l 4114t,1-' I. 444.'. 14 4't 111114' 44,1'. II i'4 
1 (I,,\hIIItIthi III t d,'I'.( '141 1'rll~N'pIII. - 1(r 4.\1,,'I4,41y(.,tItI.li h '\.il, ; -;lp,]1'i+.i , ],0 t I1\"ttl-ii III '. I)I hi.,.1 4t't4 1 mt iit.dlt-1 iI,t 1. I. i ntra 
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iig/.I1. t rsit I illaI ssi', ,illsill , T'ili stl am was i/I( t ,,te/lAcia .iiiA 


ilg i I w ( ' is I i tI ) i II .I
tIaI t i ' v'I I h . )IiI iItud( Is;liIt' I' It t' in
 

alIll chIlt 'c Htei l ;it lti' d cti'tt l'I'l e. ' l'h (is,a wase i,' Ii s' l':
" itel 


t g i ts.i' sin ltlihrI ia' s0ilr .ihin( til.l''- s.
th-ri tl I ,iitil t ists l' l 


In1 t.irtl'.,tsh'sc ld t pt' l to i(li'
'cassdi hast ittotltins'tcl' -& lesiis

illr ,,, ilrll ch ,llilgc's. il i, ,' i'i I P i'l l,;' . { iP ; ,{ l{{ i {{
 

-TI'W/t til rtc cat'lleadeisis ,-7 i ,i wd. ) hiltc x.eaitI asitti t's sllti' . iii 
.ii'tlker ssalsic l lt lilitl ,iill i . sisl ar 

itllstilirshsit nil hie ii llu'i dtv7;vliill. lili Iy' t i th ). 
sviili' usli 	 t hatdt ,ics'l All thc witir.v 

1i tit r .Im 6s' 

'iic tllc ( tilli hthlis lli' , hiai ii'atcl'TMv (i the l s' ' wit'h a it i tlltist'llr 

rec'rive'd ~imillills (4, oil-ili i lih, A\ ilillalllllll {,llilyh Iv\,l
vitillilinl I . S(;, 

th e{ir S(.Illlll \vila i lill A (\ .v stl'ill Ib m . lim -illl .g , A s. { s ' ehl :I1:3 a n dil 16 ou ! ll 

li it t . kin w tetaIl, isr I dil rtt 'ai\t iiii i ti i lli ili A.: his ilt-
IMIP \\;Is{} ygyZ/lii.
 

, t dlislpr lillir hisioll-.....- ,11 IlO is in ilf" i,-, (i ncliai: .des-cascsI'l'ol~l tlli ' 110ii'1i13l 

itt ill StlI 

St \ i llAi1 Iiils i' Ilit ' "piltill S ldV 111)had v\illc N, ll' a
s hc s ill I illit, Inc l l { A ll i cil l 'i I c ' i ' 

scii.S. "ix hiit titlIl ii ttilii'il'ill di aite' ' 1 IItsillit' 

Il lc dhw \ vl' u d'l. hl d{ cl 'mr l 	 ill -is,, fiv 'i I()
l i ' 

m p 6) a lidI I( illi ll 	 1 caii v.s'ca;lizedI (g l'ri mic{ (g i'mi lI Y . Ti r lc[l{ l ()f a t k v l , 

\\.is thei'i,wr, sltilti i lh. silliiliilly gzreal l allilinlg catlc'gl~lics. 6}-8 thianl 

iillllm ig1 i ls ' \\.ill) mi ild ll { ' c 'i ll'li a l i sc{ .ci , I I .(i'/( v s . 01"i , 1. I -1 ,0I ) ). Ea ci{hallid 

UvOIN0rv 14, Ildws'i i ts," , hid c\1-lr k,lllImv hIvv ,l ()I*Scli1ii1i viltiliiili A, 

aiilld/(. im}lf-iMlPl. 

Busides, tilil-r, six chil{drll. lM , addliilliii ll am's ()ft ivc, {,ilicll~i dli, cisc 

.slili \ -li{\ iitl\ mi. vilaili A%ailld/oll' liwI(l-IlBI ll,\l(ls (~lw ai Ill i011 r~ 

IlIi j ilid ;i Iliisl r\ l!il l, ll l,,, (hirtiil-c irg 111)11111s.vllill il{ph' lillv 

t!>i i c sI,had{ apiwl ariied{ (hiiringl the' pa li l i lih (Tleh 8-:3). Te'll ()I*he, tin 

ft(.{ tdc\ ll lii iill ll and} hllIIvil .g lle,l llflllI{nd liccl-Ilsis, '{ (groiiz ) 

(,itllizv,{I (m wl{{,aic' ill cti csii{,7 andi{ 8). ()l lgin vccnii'{{n lesh,. this 

Hiim1, b~v li l t i'v. \\,its II p1'lic\a l'i illil l iIcas '.s ' Ill(-('l.'I.( i , ll1 llllil 
Ili '~~~~~~~~{lri'L i \ < ~~~~~.I l Vlli Iwoliiilh' l 17; ,\ll - .}1). i1" (Ihi' 


t' msh \0' 1 iclin {. ic l d iM-aw Vslt
{'li{'lilcl ( ,*i liy{ /l'iii - l''ii, llI li{;l 

v}\h I.d cas',l'~ hl ill rayp{ial iii-lil, i l l l illt are itll ) litill ilde' 

(qi y1 ll i val umvi' - i'{ll'\rce l l) isl {,iiiiC iilliill \\IlhG I hll I l ill I 

C;.,ll i cl sii 1 -- :1 ( .) 05 . Twv{} Of ll I l . la tlch c d,{alb limi llials~ a n dii l ilo ll of "Ih e 

{, lll{] il 1ii4-isle" , ist orlid\'i i/m.i exai nailltionl, llllllll1bels whic'h areI 

Niliiall anlid iml staitialilhy sigiicant. Niii w ()lll, caws0, spoilsl'I* Il, ' itS" }l. 

l-t-cc ll Ili{l l'e .,SlildyI 1I1) hid ai 'Oi~l} 
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.
with nicash's 129,gT]:-wh 'NpIIII'v t')-i lhid'cvd vitai~n~ A defiicency. is(lit i 

Imildehr andi hls Iricih'lvt, nicasles Ilia" assli li a Irol)potionatl'y giv.lter 

p)Itci1 )itat jg rnit. 

Tyi)iially. ilvasi's isac'ompanlI)llie(d by ctonjuicl(tival inij'tioin ain(d )hioto
pihoial tI'loniinitatih kc~raitolpihy 1:339,3.101, rlahild tolvirall ill111tiplii(iltilu' 


inIl itil'lI C'litiielii.i 1.151. Tlh child fieliu'utl\ recovers, only to Fill 

broinclioiieu ,and li 
byv conlli l dt~strllc.'ioll,. Ill sollit. ililiilancos (Ili.a' nsit'ion ismoire'( d 
vicilin to 1 iostilieaIsh(.s diair-it'i, niiai like, llow\d 

rai i ll (.' 

itnitls tlicoiii Iialrtiil whellthe C(hild itiils IooiIvil his altlr )sulsid
-
t. hult be' p 

lonwdl. Sc'Ptlnd .II:, 1 tiaceld a cis. ol classical oinjuiictival Nei',sis 

;1il bli iIcriira'lhlli elpisotl s 3 monutis earlir. 

oie((I,oll at'li iseise, ()it' other hail, ouil's, illmay 

ultlrttiiui holi ei iliieasI 


Ihl,lilliShlvs hald led i) 5viT(,- diairrhlei. poor di.tari inlaike. aind weight
 

Iliutlih ho adiissioin allmiioiihedli(l 

(hP\ ell'd: chronic couli aiid hiillv', oclri s ease. Mt tiitopsy, kcrltin
..iiig4. neiplai ,siliii _a\ \vid(l h ,I ili )ihth 

loss. ( )ile prior the now Seeelyv child 

sia Was pr l n , \riu li l-lil 'dlorgalln s., 

with iliieishis thrI 

i\l)laiilild, ililarge (liil''Iv itsdtlileshtiiig etlt 01 Ill n1h inuiri

"lh, Ii) l)nsitv which precr,ipitateis . ilili'i liI 

"
 
oilol, ,sljc.illyl \'hilili these airc prit,illolls t litegini with. lcvti , b) itSelf', 

iliitises ri lp'iitakhiv.'Viiill excess o' syiithisis. i'siiltilig inlgalive 
!rlll in lallo-iivl E,\'en \vvll ,*f'iiiil)ch]ildr'en p[If 11. no~urishe'd del l lc ( 

, worstlit~tliVii p'rittill balaceiti, with iiiish,., ild the sitiiatiii 1iiilstlia 


l'Or lihhiil with kwashllrkuior, \hwi se,hIaslinie level of" protein 'ii hesis is 
1i0llifUilt tolhiegiun iti (A\. loiuikilis, i'oiiial couiit]iiiitiolln). Illaiddi

in iiniV arleasloin. liiiasles ilidUi'(,s a protein-loosig i'ntt'iroi)ithy 1:3-121; 

tic wxorhl it is (omllin prci titoidit(w i I d aind fluid iroli) Chiliren 

\ith iteish's 1:3).343.3.I i: selv il,,isles is tillnlhv ait)ll )iliby 

inlliith ul(,iis, iil leuriig with I'etli[g 133134.4,311 aind by diarrleai, 

Iironhllplneiiioiin, sepsis, aind iuinu'xia that allf tljeir thll 13.113-3451. 
siiiuprising il lishal'i ulirter of afflccted (hiidrei
 

is, lfs ; ()tIthei bodv weight 131.11. or tlt Iuiash's is requienltl' cithd as
 
ill importuiant 1i('cij)ittiilig v\vltt ill Seveir(e 'ii 'l-elg'ialnuihtiiioi
 

It is haril tat iisollivi a (jl 

mhild mi'talbolic ellvcts nieasles. lever, inailniltri[289,31.I3151. 'llnl o, 

lion, . and ssoiattld pillvihis u)i A status are,iarliia,li vitinii likely 

('Speihlly \iiv'i \itllillh e' 

wilth, \'Voiiuho,~c1:33.11 thi'scrihlt'd u course ii 
toiliw caltastroh)lic. : Stores iiuited ti hegiin 

the typi'ail i Nig'rihn child: 
initlil a.cl,t illisles-associateld ouilair dtieniomfot iesulvu'd spoliitaniiouisl', 

Iii wAks, \lien the child piehlnt uiicasles-iuocled di'lia l,'rsist'dl \(,or 

skleton" with ili'lloi hiothise'n'tas ii "ilil'iiiiic perforations iill ees. 
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r3lpith3.tt),:15 Iil(' pull1,vi'iii le ndness llNthe~'i Ibi b'li is iot ' 

Aitiit. Eiicl (4)h14'Sti l ht'ti sll S' s5'I 1),~I(4~t 1 ,f 

Africa st'vi'i' iscited as a ur il't iidiipavtrt iiId's 1' 1ltisIlla~o )I, dWlitl(m)h 

Ji41:31,31 ,36-331 Biittii's 4 iniaill hit wa a(uI cmniAns'15' ()f Z hc p.\ticWili('l t 

j)44t-itwi I :\ (1) V4illjiS) , 4441e rtls '(i tit viilldiivoi'lail 1 ('t I s l'l brlill 

t)i:32.3:3.,3:33;8161-3h,1]. d albl1. T cg nei ( ;111301, 5 i is9:not..:. 1 h('5l 

t"iitts' it (111S are\l4ittliliilia I 53:31t,: :3 t,:35t.3,15,3 : (i,:3 5,31 

Th it diit a (illt wihc lnii451*(I)I(, jis probably\ii( Imiggihiat' bayt Aiiic 
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ti c dtlat~, tihat adhministration of1Illtssik v anloints of," \ilaltli A\ plir(\llled( 

(lit, v,\tpr'cI ocil1 l ehsiolls ill "lil childh','ldh'\6 lolm ein l , <+' liall with 

iii'asles, .\rmom NiL 'riim ihilrltt ll)sl)itliit(l fo" severt iiiast'hs, tlhoste 
w ith"lrltilt(it Iliulhoc,r st,tirol vilaIiil ,ld llii hIvvvIs Ilhill 

thos widlhill ,,rlmiattllialaela 15181 
A\ l. of1 mllIShCs-a,IS L-iIIld (t'1 llt11muu obtsc',vtcrs Ihac c,,nchlthC(I 111it 

+
deh-li+titojl is 1nt1c of l ~ll-ln vitlii A, dh'iciell'y+l-danl c",;ri-ssionl 


[:3:3l-::3:3,:1 ,3i2.:,:3(i5., et shioii this acoutlsalthough it iuiiaiis to thait 
foirthe' Inajorityx olil lst'S. lvl siiulliolu is [I'lthel. comldica'tehd(by (l Com)

litprt placing,hitt'Ibi l i tthilh'ti'l 
atkvli( Nc'itlhr c~livi.il+ no>r sec'nir\" 
Ilmle .riA 'ca tice oll ] itits vs o1 i with 

un,,ashcs I1t.14,59,368+1. ]keratitis. 

hi w(hrri; I inII I ,1 ] ,.is ct'iunt for";isobI; lntia[ IrI-),Cti<+ 31: vcw<,\ Iikc[ I o 

potrtionu ol' t-uses oh-otill (issolhoitin 1:335,3591,l 

Hecciit dht siigctst a posti~ll toile for oclIaii 11liits Siilllt!N 1310,3-151. 
ThC v I' idh'lllifivd( b\' ,,'util' ' olurls coIirsu'ls o)rim ilu.l~nical 

sc'tilftillt6Silalf t'l Iie* (SaS)il(i tia ie'aiiisil Ca~'se'()1 

ild, iilitliig Ilutist' with 1h'ti'sthttiil loss iiid Iall cnli('al i('el'1osis. 

,iliV 01' mWliiiiit, i'ltl's itswell. a large propoliol ofo Ibese Chlhh'ii 


\fri(.ia anlst-xltr(, 15191. ' i iltlcrLtialit of'" e lesiois115 1tl 'T li'(,(int 
slli.Ilrls hiliillli, hl(,ollip ~h-lic,(. iti 1369-3721. andll esIhoth ml onilll in ll h.
 

!:>3 3, .11 impair the' cell-nuie lvlld hilliilli (,I lil)li ('. andil Iliivs 

i i i lS hi\VV Chihh'tC-n .S~(,l'('
 
• 


pmill ollill nd, cpau ll,~ii 'lCCl'(I ill With 

IHl,]M Iprlill-cielg Inailuuilii ain(diiusis, 1:375,3761i. AltigilLh vilal

ill A (Ali('it'ni(\is also said to illiet iliilli' statusl 13771 Ilu'rt' is little 
'titi'li l 11lil.or this ihi 


lh' ctliohisioll that itailliii A deiji''ey IIi\ t'ii litth rkh' ithe hell
i'l ti'
 
Cils'S OF postilitasls corl'al dissollititui 1:3l0l Imiax l' cot'(', t it is iiistii
ptlt'dh, iti the dilla. St'1"111(tlhll) IPI1 h' 'Is iinieasles 'cawswilli 1iheers 

wl. Iowxeir tlilii ill ol'lwis, l':ill lixw(,vtll-oi ltld nil',isl's cas's wxitlout 

sil('liiIttf'vs. '1"Ihtiid il IMhP le Isl i'sixlo er ii a grttiip ohilltasles 
cist witlli ,'silr riliollhult iti lit couieal ttstiiietioii isIlitlhrt iiu lo 

biase \ tlli-ct td st-\','( nilihuitrilitin ll ilIP ilthe kino sii, idltv'ih'lt'it 
' luithliis. Ilt' 1ii 111% ) h' t\ls \vt're' l ehildreti with ciri-Ixvll so. i1st1H1
lividl ordlir 's claiml Illl hlillf Ihc'cils wilh ilhlI . "'liiltccis. Sili ll-.Ini ll(.(Ia r

1
uital'" I ' It'\s l ( I .i.ti'illt) is tllivstioluilhht,, Illi sen's of classical oilr
tila \trililnllllia ct's, ii ianstit'ittl s llasiuie India, hall hadwil s, i'loiii 


ih 1371i.V-Sit Iht'atilli at he hi ii 
M .l('<pi-rlh illlis Saidloirdtl- li h',s lli thatl oft-il'nlt-all 
l,\,ls tisttii \;ihl lin lt 'ltt'ii oiiieln 

oibsfl-vi'\ the,,vvelil 
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,],~t i,,,'_ ,ll( n ,!t ),' i, )111\ - I' I I, I ( I I'' , I I I 1 ;1 Ill , l ld l I,.I'lIv,-C I " : I 
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.I . I .I I .n il I II'n ' I' IiIf 1 . II'\I 'L. nl-I I It 
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. . .. l I ii ' l"I ll,' .tll.+,'1li i .. .. \ ,I't I Iimu,I,l i i -l I ll - i,'. ll ic' ' ' I 
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II I t I1i'
 

lI I,i, , i , I I . It ~ liI+ I , I,I'I\ l(' I 'n - x <'n li I t t r
,I 1(.11h11 


t it, I'.+ i i i ,' ! ' Il,tl \ , l - l l,1 2iti1l~il1l..t l a l . l ( l l
I, tI, I 

. , 1 1 t1.l , i si'I I(,lit-N'.II IIIl i' 'I %-6i. ( .i 1 , h l 11 \t )I I,'il t1.1hii '+Ik

, V),, 

+l ll i' Iti I(ll X il l i i l,+l I h 'i ' i 1 ' 

k M I T; -,) .1-1 2:1 

:Ill I\ _1\ ih -I A)(1I 

i 
, III Im, t'l,-. i< ' + illho ' , 1,J i lll t - 11 lp'< ' l i ' I h l', ' l l il ' ' ] ti, i-" 1111~ 



9. 	 Vitamin A Intaket diet?
 
a n cl st o re s
 

Ill, 1\.1
lilt 

193,1 

VI),lillilh ilill,,(.11, (.1 lilt!) 
%\.I,11111il ilk 11111c" .lilt 1,1tt IIIIIA 1111111"ll m I'lic II.Id Irm%..

CA', 11111411,1921 
\,)Ill 4f1w Lo t1w, 111,111144.11111111\0,1111ill 	 \ SLI111" k 111tow I)k ifills, crifical.

111.111ill I''lilt, I\(11111,11Oil,;IIIII)IIIIf (ifOlm llill Ac'm "llill'-d k
III, Jwlild Ill it-lit Ili[ II'lik w(plill-lilvill" ;111(1dc\vII)pIIIvIIl

illd 111.11111fII.III( I ,d.1(1( 11\1.1 	 c"p1 '11-4.l-ciall I,
MI,I,ji''111.11,111k III I''(ilk ill IlIII 'Illd pi-m ifil'Ilill AI,,

111,1% IIII)lIfIl" 1.11 lo p('fill. \\ illi
III, IIk I if 	 III 1111-cl (14,111mill". WlIcIl. 

,111 	 ll, ill lilt- 11141i\ llll.ll 1 .1Jill-( tlillwi fillc .A'\ilill.r .lwll III IM11111\111III (dill. h)-'Fi(mill 
pl,IIIIII.0 1(.111114.111\ \il;llllill A11111% "k-I'lliIii, .1111 	 alld 

ill(kidlial .11"lalt rk 	ilgi. 

witiod 
Iw,III-Iluild'.I'll t.it.1111111 61.11 fill. placc liki 11-m ilIllc Illaft-1,11,11

\\ 	 I,m-11 lClill "lipplil", will bc adit IIitI\ 	 -111.1111111( u(11 -1\\ il!II;I%cIm111, -,III)III, Im oil 1111-1111 4.111'rf(IIIIit ......it111ifIIII II11,if iYI )Y) mic-lia ll, I()I I If i"o. mlimal vycri
;I I(Ifllf w H ill ill, wIIitII II IIt IIll il.11 I,am m "111l ill fIll 

la tI I iI iI' 
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ITIMM10LOGIC CONSIDLRMICYN 

(alld hight.l.) rate 'IsSIIIIjc:' childn'll Ilot cNaIllillvd had (Ill- saille rilh I&dis

vilsv as thost. who wvrc. This is it standard assomption bIII probably leads 

(o solliv degrce ol* mcrestililaw: wherl"Is all ille cilses oI* active COrliVill 

disvilst, discovert'd ill cach rollild had also beell vXimlilled ill tll(. previous 

1,01111d, not 111childIvIl fivi. I&corlwal dist-ase !Iad Invil. '111v svcolld (illid 

lowvr) rate. which assullivs all childrell not examilled werv five of, discasc, 

is Ccl-tainly all ondcrestimatc. A collservalivv .1pproach is to assolliv that 

Ow actilitl rale lies b(ANN-cell t1w two, and is clost.l. to tlIv higher 111,111 dw 

lower, SlIbtrilcting onc-111ird oF Ill(- dillcrellm boweell divill From tll(. 

bigllvr I-;it(, N'iclds .111ovvrall, consvrv;itivc estimate olAO 1wr 1000 pcr year 

2.6-7.5 per 1011H) ), Al this ratv, Vc ( 1.6-4.5V ) of, children born into 

the slody arca Corneal xvropll t11,11woold (](,%.(.lot) Ill hl (X2/X3) before Wild)

X-6years at 
Altlloogll strictly coolpanible dat'l art, Ill)( 1'rolll ally otlIvr (.ollll

try ol. arva, 1-c-solls ol, a small village StIldy ill Wcst BvIlgal, India, soggest 

a probIcIll oI* similar Illagnit(Ov. Among :312 uhil(Iren liollowcd Im 18 

months 1.1261, 1 dc\ vloped signs of' "progrossing wroplItImIlldil" requiring 

illillic(liale therilpy 11.111. ASS11111ing (11.11this ;11111(1(.s to active corlwal ill

volvellivill (Bitot's spots alld Iliglablilldlicss lIo( treatc(l), Ille 

illcidence woold be volighly 'Sper IWO. 

Incidence and spontanecous cure rates 

P:ss(.Iltiilll\. all cascs I&nollcorlivill xt-rophtlialillia ill mIdy I ro.,present ac

tivc. clinically significant vilaillin A (4-ficiclicy. as already discusscd. Ind

dell(v mod sponlaiwom (-ill*(, raws (TIable 11-2) are based on the "strict" 

defillitioll of, "id risk": only childn'll ( vllllillvd ill both t1le round IIII(It.l. 

discilssioll as \\,(.Il as (114.illoovdkitely rolind 'In. illchided ill 111t, 

Cilk-Ilhitioll. 
Tllv illcidellm of Iloncorlival xvi-ophilialmia ranged fi-om 1.7 to 2.7 per 

100 lor vach Ill' thc 2-4 month betwcell e.mlillillations, a 

tive iIIIIIIIal rilte (16r t1w 12-mondi 1)(TiOd ('11COMIMSSI'd b\' Boonds 2 

lbrough 5) Ill' 9(,1 . Data From it provims study ill Nortll C'elltnil jovil 

Mvvdy, 510) silggcsted ;ill ammal incOcnev ol' 8,214. Spmitaneous core 

rates 1whvven tlll, rounds ranged fi-om 13 to 591;1 . 11'cach of* the ChildIvIl 

who wrophillillillia hild 11mvi. hild it bvion. (i.e. ollm CIII-ed ol, 

dw disvilst, they nevvi. got it agilill), hall, of, all childl-1-11 born into the study 

arvil would dvvvlop nollcorlivill xf-roplithallilia before reaching tlIvir sixth 
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1BLINDNESS AND MORTALITY 183 

alttes tlla those who survived. Iotrlteen of these cl]ildrett had rapidly 
develo)ing io Il)a pe ri'tlion in eyes that ofte tlapplteatred er,tirt l. normlt 

the day )eh1we-. Tihe tnrtaulitk itt this sttbgrotp was an astomiding 931( 
(1:3/1-1). Scragg specifically unoles tltal 5 were admitted -ill extremis," dying 
within a few houtrs. 

l.ong-teri mortality ill .xertoplthlltiais geetrttlly conceded to be exc'es
sive, both becan.se thest, Clildrent belong to thlat subgroup at risk of" mat
l!ttritiotl (attd )arisitic and itl'c'-titls (iseases), alld becalse tlo;e blinded 

are ill-equippcd to compete with their normally sighted siblings for litiited 
tes0ttrc'es. The t'elative contrilbution of' these two Ftctors is tmtknowmt. We 
occatsiot lv ettcounltercd Childret sule-ring From severe toailttttritiolt and 

ilatetal corical desttlction (X,3B) itt tte field wltose palttet(s refl'used hos
pitalizatioll itlot some guaalntee that the Child would see again. Ott the 
otbelr hand, late Inort~iliv alnollt dch'el w\ith bilateral Co(rneaI cdestric,tiol 

t'tttolled in Study II was essentiatllv nil (Tables 12-2, 12-3), perhaps beca tst,
o•l -le-cottnseling atttl en Colltra .eltne l tIlheir lhtttilies receive.( tirtgl t atl 

ttcillatry p)rogram, tlhe Blind Batbies ProJect I.t-19]. Meno [e.11] teported 
that 207( of xclt-o)lithalntic cltildrett died within 3-4f months of leaving the 
Itospit al. HatI hihe.lst fir catses with k'ratto ialacia t r cmpllicaled 1byes were 
e(lem, tlh(ttgl it is itttittssilihe to assess tlte itllflttu c. ol(oe r' the othe 
f[rom ti, avatilatll,'lvdata, Venkataswamti 1.17] reportet: tltat 2(% of' xe
rol)ltlttmic chilIre, but 5'( mrlrest ltlv . maituto islted) tonxe
rt)llhlili(, childttt died l'ollowit g (is('h;cltge frottt antrtiot teltabilitia

'tiot ccttter. Ten i't) ',t'hathe 1711 fttund tlht I (bche childe.n ill 
Surabaya blinded fiottt xeropltlthaltiia. aitd alt i(etical prceltltage blinded 
Cotn) otlltor caltses. died witlhitt a oe to six yeatr tllttw-op. Unbrtttately, 
cOtiparatie datlat are not availal le (tt si ,hted cltildro.,it 

NiMortalitv attttontL x(lt httti, dtildrell is cearlv excessive, v\ eti1 atttoong
the("'[illate " I*(.\\. r(vi\villa lrva'lll'It. ('11(her ltil'-a field colldiil)s !,( 

rattes will ht, still For t(.S( betiillter. (I\violts reasons Catntttt observe(d 
and dct'ttli,llh( lirectl. Itl it. It t by comttpoaring tlteb estitlateld 

plvalclt'th'c, of'corllral scarring, (XS) '\] (h wilth actutally obse'rved. I1'
Ilotrtalilv attt l,lhildc't with xo'ropl Itltatutti sat(, atsscottirrig is tlt, aoototlt 

those witlhllt, estimat(d atd toserved pre',vailetce o1 NS itl thte p)Optlatiotl 
sIlotld h' tIeasotnal ' simtilar [7.1, 1521. 

As w ' Itm e s((. lt, atttttail itlichletue ol atctive ((onc'al disease tllot g 

Itt(]luttesian clildr'i ipto age'six is2.7/1000 '1 atnd tle ptttp(ttatble I 1-,5), 
tit)tl (olt.ti.'(cais(s tlat will tStll i l bser\avte scalt'ing itt ot or ht tth 
eves ,('. t(l prtntortin (of"o'toial ca'ss itt Sthld IV \%ill) atdvatnced X:3) is 
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213 PR[VENTION 

tilh with Coverage invariabl)y 
romlid [338,429,48s3,148-1.881. lResilts Il'oi other public health )ro)gramIs 
suggest that those missed are likely to be the ones at highest risk [.1891. In 
additiou, the cost an he ecessive. \\lere distribution is 

(Iti first roiiid, illing oil each sul se€Illent 

of distriblitiol bc 
accomplished tlrough existing health clulnels it miay only be a few cents 
per child. but where et'lirely new, single-purpose workcrs need to be em
)loyd the cost eam be,mauy tinmes higher [.1t86]. 

)mue Ietlhod Ior increasing efficielncy, and evei efficacy, is by targeting 
distribution to those children at greatest risk. Since children With di'rheal . 
respiratory tract ilnfictiou, geieralized malnutrition, severe systemic ill-
Inesses, inieashes, anad so lot i are at particularly high risk of' xeroplthaliuic 
cne(l (les'ctrlction, administering vitainio A to ll such children, where\V er 
eicouuOIered ilt Ie icalduetwork (froii the village-levcl health or finily 
plauning vorker uil) thefl*C.r,l hospital) should have a high belithrough e 
efi,;.ost ratio. (f'course, (ch'ilrel not ,Ilcoulitered by Inedical workers will 
... uirotected, The t ncn.y for vitanuin A\(leiciencv to ster" in.niualu 
 I

space'' (Chap. 10) may also be Capitalized upoil. Vitamin A distriblio (as 
a\(,llitsiitritioi educalion, fIbrtification. etc.) call be targeted to geograpl

ically (lefined high-risk gr'oups: regions [27.1,337,4W]. villages, oi-even 
I(ihfhlholIoods where the prevahiic'e of xerophthalmia is particularly high. 
Sinc . children living ill the salic neighborhood as alnactive, clinically rec'
ogniz ('s, are at higlor risk of' disease than those living firther ayV \',it 
iuiav prove more e''ctive, aud efficietcl to treat tiheentire neighlorliod
 
ral cr tian Just tho wtive case.
 

Massive doses and geograplic targeting can be c'omined with innovative 
scre,,uiim prograius. Thc probheuuI lies ill recognizing mild xeroplitialiiuia. 
All chidivli with Biltt's spots or"mlore sev,'re disease shouild obviuisl" ir'
eiwe itluu Bot this i'quires tlht highly (rai e ,'ervers\. eud lt e.,xaniui 
c'r\ child. x hic'hIua he more 'ostly and less eflicieut tluai simply Sulp

plviug all childr n witlh a ipsule. In iuanv areas where xeroplithialmia is 
prevalent. nighlliulness is well recognizecd, with specific terms describin' 
itslpj'cncc'115.77, 105,27t,4261. Stuicl\ I lemolnstrated that the seisitivit' 
and spic''ific'itvo " h could extreuc lhisto itlindness hc i.gh 
"Chalp, 2 . Althounoh specificity appeard to t,vqiallx' high throlghout Il
dlu',sia scilsiti, ity 011.was Sixt\-ont, pcrice,t of' the (cases of' Iitot's spots 
utIloloud I.still , I ulocated ill West lava) had aihistory of' niglutbliuldness. 
lii the couiultmwidh' si-vy (Study I\'the proportion variedI ,'om I0 i to 
.i~'Fble ft-?. I'a ite ill West was agailn f"J4 , even,surimglv. the -li 

til-mh thre., taus, all il]'erlt l'rm thit ill Stud\' I,cl-0leed dltal idch,
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11iItlblindiless and Bitot's sp)ots wvrv riirtillyv exclsive: il'they wer, total 
nightllindut'ss u':ts wouldl h;ave heei still hilui'. vIi o illsS.uui'vevs 

Iar.gladesh [-1321, Sri Ianka 12711. the Philippines j;731. and jordan 12961 
allre('rd nigitliiidliv5s5 rits c.rurparahle to. 01 greter thlll, those for 
Bitt's spots. Ill i sur'yev inriorthr the prvlhcnev of' night-Indi., 1I18:3] 
hlinlit.,,s was ihe saree as that of' hilateral Bi(ot's spots (Cases o' unilateral 
NI \ene probalv u)ot actively vitanin 'Adeficient. Arming.t East Aricans 

(xiniii',(l by Nlackenzie ini the 1930's 11701. Iorination of' Bitot's sp(ots was 
ilways pr('c ,ldcd by niglhllindiiess. 

\\hWiu children with positive histories Ibr riitblindniess were tested in 
\\est Belnal 1-1261 and Kena 1-151 the'\. invariablv provc'd to ' nightlilinld, 

I'ortiniatelv. the high specificity of" it histry of' niglatlindness makes it 
IIIIIeI('CssSL'\ it) c.ifiri' its pre'se'ncev by oh.jective assessment of dark adap
tatiol l)e]spite ingenious attlempts 1.19] 1, it is still innpr.'ctical to precisely 
iieasir, dark adaptation in childre'n blow six to seven years of'age 

155, 160,272,-192], If'1on, could the, pr-tvahnnie ofclinicall (It'ec'talite hly
povilaioiiiosis A w' old p)ru)hhly ei mch higher. Chou [1021 fIund that 
1:3of'20 patients with ealV oc(ular'signs of"vitanin A deliciency had inn

paired (Ilark adaptation, int only l conmplained or,nighlthlindness; in.'r the 
Slieflield stuod only two idhlt subjects tlhoulhl they "'ight hraive noticed" 
impaired dlark Idaptatin, at rod thresholds 1/10 anld 1/100 their initial lew
els; and it has alrecady I'el noted that nighlldindnless was so prevalent 

:.u1ihIi-'rnat I diaul wonienl that telv did not Iiothuer to relport its pn'es
enice 199,. Il Fict,.13itot's 171 t)I'ilnii'v interest in conjiunctival lesionls lity in 
tlo'.irpotential fori' *'mrakinig a of'niglithlindnless.uihjeehively diagnosis 
\tl'vht'ats we ar' at iestit at the mcrcy o'the patienl's affirmations ard 
repo rls. 

Niltl indiwss ' i i be especiatlv irirllpfiil innIl'lhar areas.scirl.eiin' 
"l'll(' iatio of'XN toXI inl -ni Icilunesiar stuly 1691 w\'ats (7:(6(6 inl airi'al 

rir('a. but 0:53 ilainl Irl-ai. \\'lvitler ithe dife'rt'it'' is tledcra('tri 
1-yoslr, h, lcac,,ln4 sunlight ill the'- n'on';d ;arvaz the Iprcvsvncv€ oI1',mlli(.ipa] 

lighting ill iuhlli areis. iorsoini oilier fhictlr is ilc(,ritaii. 
I) eih,polinrtiiI liii(atios ill s'insiti\it\' a histor' ol' irighlblindliess 

,ippt'l,rtu(vl ilv licid hiilyan e ' sp'cific iiiekrs of' idviltilvirig 'llig 
niiniolus of, c'ai'h went ithnaliiia eatses. and t~re [igh-n'isk lirighlhorods 
w\ithin w.hichlthu'' 'si.h'. L'illtrIIIal'lv, iiighllthiinnhnness is r'el (clehctld 
io cliitn. Im',lw t of,",ni'ag'': siint't tlhe' have not vet hu'gll to 1u1()I 
Iilatu'. or 1 d on i'ir iwnn 1''s 'net' of i(&iipai'(I adaptation isih' u'dark 

less .ippaonet. 
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.c's 

will dep'end upl the it'll'ue%y with which it ispvITrfl'ied. Study I chil
tlreil were reexamined, ol, the average., every 2,5-3.5 months. Almost half 

(41;,) (f those who eventiually developed corneal disease lacked evidence 
(A mild xerophtlallja (XI/XN) din-ing Lin' of' the (1-6) fWi'ec'ldilig roIIIIds. 
)ill\, dhlring the immediitely prcct'cl-

The PrI*portioll of' potential Corneal cIf dete'tedIby periodic Sc'reening 

3517c had evidence of' xwrophthalmia 
lng rounid. Selisitizing h ileppulitiol to the langers of'xerohithlil ,Ihl' flw 
examlnlple by teachiig School clildren to detect Iliglitbliildiless in younger 

siblings a ic eportinig such c'asc's as soilln as they ar-ise, mlay prove more 

lf.,'tiV', thian Ieriodic ,xaiiiiatiilli by ineedial Workeris. 
Fii aly, Ilnssi'v' (hlsinr iiIv plrvi' elfhctive in at least one "Captive 

9r0oulf1: newbri babi's ald their ilother th usallyBir93 atli'hs iLi'c 

t'lic'd by Somie health pi'of'ssional, colo)llV i tiaduitioial midwife, and 
these illay he inst'ucted in tho ollarge doses of vitaiiiliiaidniistiratoiin A. 

Newbori ifaihits dlo not absorb 'vitaili A as well as olide,' cllildreli [4-1] 

. iii.!!li.l'r' Ixicity 'olhi'i e 48- .ta.illi! iisceptibh' tol( n large dollse;s [s. b 
they CcIn Isaevly r'ecc'i' ,5t0,000l.IUwithout untowa'd c'llects, producing a 

net rise iinstiini vitamin A fir at least six monthsl [389]. Administration of 
300,000 I U to illotli's hlc'i'eases vitulmin A content of the breast milk, and 
Seirui vitalmnin A of' the child, fbr ll ((llil peiiod [389], (,iVing the Vitilnllii 

A dhi ''tlh to the child clisilr'es that h' or she will get some boost ill liver 
i's'\S'lsl\.es iv ir'laI't nill'ier atil" 'ecu(ig is discoitiinud. Giving it to thl' 

tlh tilil' lf delivery ilsilires that these l'('SI'rvt,, continei' to be allgwill 
1l(ili'(d, if' the iifallt is brcisl-i.-'d, f6r at least six iioihis. 

Fortification 

Iortificatioii ollers allal'rinativ' ici'tllilof"delivering 'itainii A to target 

childrnh . lilt, Iilgilllly aud without seeking theni out. Ithas tll' addecd 

lVlalilta c' oI ilcreasillg vitiinih :\ iitike Ii'p'regnait and lactating ioil('rs 

idl1h're nileoiat's aind breast-fed iif ilits, without risk Io'te'latogenicity 

:u pIllltnial bui t i)ro'en hazaid of massive (losilg chii'ing earIl'pirg

liailcy). Ioltlicaiti(ln is comioiiilllv pi'i edtil'('(lheelv('oped tinliltries: it was 
fortific'tioll (If uara'ilti' tIhlt v\lniilallh stopped tlhe llinia c'pii xI'r-lflith 
deflli, i llllenmark. 

A\ wid' iu'hi't\ lt it-iis cal h' fIrtificcd with vitllliil A 1-1951, hut toI h(e 

llte ill itI f' ,hah i(.hil S iliici i 'iu t ti a l,lillt' l tnl ' Iis. i'lh'llt ilp-
Iilltin, anld lur prai':c al;l i-,clsoli, t , procetsse~d al al limited nlllllhll"Iiii1s e 

1 rilli, hi1,l4il1lhi1 is w'll-'cl 'l illtht- IPh l lv'\lslllli.t1, Vl i iW.1illl li(li)l, l 
imildii'd, -I t lil~issk, itii, A.it li st ' do llill 
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()ocenral sites wheNC tile flrtificationi can be caehcllly monitorel alcl cotn

trolled. hsc conlsileratiolns alonc, place heavy c()nstraints on the evettcl 

choice t"5'ehicl, (spe'iaily sinc Ii Ital impoverished liilies, frcm wlhich 
im)st xer)plhthallilia cases arise, colisciile fIew Centrally i)ocess(l items. 

('arefildlv '()clldc'tcd dietary studies are required to identif items Iceeting
these minimal C.riteria. 

Baseline surveys in ,iuatvinaa 12971 indicated that 80% of n'ical childrein
 
1c0Insiu10d i)roc-ess.d siga', Pilot stitdies de'imoncstrated that a vitamin A


"
")I''liux
 ' c'ol(I sulccessfilly he added to th' silgar during the refining pro
(,ss; that setthcdc 0. ws;s lost in storage; and that the color atcdlittlh ()r( 

taste of the final prI dlcct was acceptale t) tl'population. Even though 
the i\cvestigaticrs did not know ahead oft"ime the proportion of vitamin-A
(lefii('int childh'eVi that wotildi he inc'luced within the 80 reac'he'd, tiation
wide fortification of" sugar raised mean ser(.li vitamin A lVeels and(], mole 
siglificatitly, re'dic ed th1e pr'e\'cIaen( low and deficient levels [297,WXij.cc' 

()vr 901 of' hlildren surveyed in (luc . the Philippines. ,Consumed ti

blesl ;,Ieat acd mniosodiu,.i i luttamate-( ; (N)ca-1nreI'11.pl)dro(cts. 
basis [.197] ()nly the latte(,ro\VCVCr, was Ccc'trallv proc-essed. l'cirtifiCation 
of \IS(, with (250 IU vitamin A per grant was estimated to provide 7(,/ of 
the muisconin.g childrechi with at least 25% of'their HIDA [4,9]. \When NISG 
Ihrtilitd with vitainin A was prowided free to thiilies ill a pilot study, there 
w'as tproic)lccd('( rise inl s'runi vitamin A lveCls anld iull in the prev'lhnce 
of e'roplhthalmia 118:31. 

SttId\ IVidh lltificd three c'e('etl'ally pr'ocessed iteccis ctnsumed Iby a icia
joritv I" linhiisiaci child''n. anid, iore to the poiitt, a majiliiity of tlos' 
with xeirojhtliaihci: Is(, wheat, and refitted suigal'(Tables 1.1-3 and 1-1
•T. fuighlly 70(W cf' subJects with Bitot's spcits ('o.lsitlmrc NIS(, a higher 
rit( tliai fotr eitlheirc"tle dhier items. lhe rate was lowest aiiong child'ei 

(h'aciticall\' bh'he sec'Oild 0I' lifeuihlt'r a yvar' (4agcu'. but irICC:,sd I \'Vea' 

(p'-00l Maoli dlht' JIag(' i4r(i) of ciorucials). (C0ccsilmptiocc amoing subjec'tsl


witlh active co'uiel disease illStlldy IV \'.s hwer: .16 ;'colisuliice( \IS(;,
27'.( smu'a. ao(l 2:; wheat oct r'il uh" Iasis " l/wek). 

Illadlitio)n tci Iceic oonc' wid'lv co sumed by the targt pipillatill, 

.\Is(; ocl1''rs aotller' signuil'ant ,idvallul : thec' dili'tre dc. it per capita coni
simptii luc'tw'ci l targ.el clhildrl acd their cIoth.,rs) and weacltli'r sc'g
tll ts ill'sol.ic'tv thl at c)isi I ii atticiticis of,. ,S(was lill-i(' lnla dil nar'r'ower 

thll ir cithier ccf cotlhe'r . t l if'c ) e foi'tificd atlei ite.m S(. .',I tcal to 
highur Im l. dMive'inlg a poteintially protective cmc it of' vilamin A tica 
lar Iic itiocn (d' ic'il cii' t'let('tup mifimlly t'0iicli. iet' h'r(& uipilatiou, 
without riskllnu- tmxicih"aling mmxinmin c.mlstimcrs. l'S.\so. ;I large(r Ipr'ol)(r
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Appendix I: 
The Indonesian nutritional 
blindness prevention project 
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ll ill d lt 

ho, l.,Ill, L' d . 
%t,,, A1I,mw .dlt (1,1,k. hti~tl 1.7.m~i Id l.l-wi,, ;111( his ;i~h ( \1 , 

1i itl , (1 1 I( .I~mir\.. 'iililH'l', tc"t'd 

'r li 1 titlih- lli1,1 im.ilO ,

' ' 

IiI I,1' t . ((t), llIit-, ',, II1( 

I till, II:l Il i,n.llh5'000)( " } . - li h ' 

.. ,I,, .. I ,.Id ,,,, .l.,,,Ii,ih ,, ' .. , 

l"',l.l l~l \'%,i' n to 1000 ~r 

I l -l, it',I I.\(',1 (Iw,,. I All\(V~a, 

H, 11,, I ,','11,, . \l,1, 'l 1i .'qillc m 

I,mill \ I, I ,, (1 .4 1,hl Ow.,.il v, n il I ill 
I\( (1)t.-1 It ' lh ',.'hi pll (,.i l''d 'c.v "d lc ,'
 

,,. )' ;, "111.",h i,. t h 1 ,,' I. 

I, r,.I., ,1..l I) 

111 I'.' I p. i'. 
I .0 11 1 1d' m t\c ~d e ~dill.,, II,1,,,,,)a'.II i i l a II ,'t ,I 

.. 1.tllill, (.;lIIit,,.\%Ifili hl1 l.T ,l;r wcrc tIe. hccd llit' 

- 1.h4' - I r ,thI' l,'.'I t, I,I,,,,,,I iI ,,(, on I iI Im-I 1(it1' t 'ilh -. 

pr, ll, pi , 'di,. ',,I 11.r' \d dic r k ,1'. hl'.,''r,,l f ilkc;d 'r ih'nd
 

I/', I I,,I II- II II,. l.1,I ;Ib )
I . l I,,, i I,,. ' 



[Ill.IINIJ(W)NSlAN PROJIA I 22S1 

StudCieS li/ill 

IIiC,NV'ITCprI) l)(-ti\ c, (I(IiliI((. clinical. I ifochciliil, I I)ilct(-ifl(i~c aIid 

I V Ci ld l I;IpcStuI di ()I* ItcIICd shic\\ill)~scm liv (tidiI C.IS) and( lIi -iCvi 

istild\ 111 wnylidCiil ii. In1(adtIli'S dviiis pti entsC( WldC11iC ilCI)I(lC)I 

\ arc v of 1)(ifIalii c n lc l m-ia isswccsrtl(.w ras 

byI dIi cily hiill and a sic (icidn I Iysti'2(I'S nI1vCjviitiiit iihil 

CHeld ldics i ivIdc latht IIIui: lleld lw cid liif1'ici ti w \CICJII!CI lowU~I~I 

Allpatic iIIC j'..ti kCIIC C I't tCCS'; )~II IdolC~C"Ats Hospital 
lii IIl~iI5LCr iiSS ICtoCIIOWIC') isii' 11IIC ICCI ill s C ICCC ~Il 

helwCIC 1 (1197 a jut i 197CII. j11 n (&' with siii mCIsy pom )I
 
'Cttuit/ ia ili tC )1 u.3iltiilcCI''C ind ' (Ilijl Aisa t'inal /Ilivts
a C C illeCI . 

.sJICCIS I away1 an dy(1.dhCiI(ICSk , dC CCi-iS i 


\piC'/s lils, Allt aditII-ioal II' i Ci had alreadyS
case tlIII t('I 1-c i d (C'I tibi ti1cs
 



" I\ I I iii I tlt i t~I hi i ~i t 'iI - I i~ Iii l 

I r.1 HliitIi illd l Ill ii liii , I'll11 ilt i til' itI I it1111 .111 i jii'I it lii 

c I 'lf - If lilt hutlll.i-httt-ittil .(iIi !It) 

/ )i Itn 1111I/hi ll it'rjiiiII ii I IIIi 1111,( h p im :))m l u1l'l(l i Ij 

1dit lit , I.l- t. 

1.1 ut ll itt itit \l \litiii' iIj \ illIllii',ii itt /t i I', t l' it t l t,. ' ii il 

I'ti) 14-4 Il tIl l 1 . 1 , 1d I ) ; 

11,1I wimi1. i II'ACikl li t tits hill11t d m 

)I~~~~~~~ III~ ~~d till 11IL1111) 31M 

\11 lc (Ilrfi II'm i l 2~c\ ll 'Ild i~ 



11I I ISM I 1. It t i t ii \ s T l t! i i s I Ii IIs ii i 

it.iI t1I '5 lliIiiiii..l" tt\", l.,IKI i lIil,,It 111 l ti,,tl.USlt ( 11t 'lii,Ii ll Itl;li
 
I,, l',, 


I. l , , .u i ,tit 
l it tlh m , t It s 1 1ihI i'it,.\ ti',IIiI, tlt ' I,,lllId li " \ I', 
;,I ii , I tIt I,! I,t I I Ih II i IiIt I I l I t,.tlI i -5 t, ,,, Iiit it 

I}l','m '~li l i,'l ', 1 11 \\, ~ mirr,I ,,olll ' ,1111 (1 III, It,l'l 'l ll' 
t , II os IIiIi ,i It ih It, ll- III -' , 111(- - I I IIII , I' IISII I 't, .l a,ill 

LIi;hh\-:2
 
iIi 'i t . I2(.\ l ll,,,if'+!'lk - , il i l I 

IthulI. kii I I III .


h,tII I II1~~ ~ t- Ii1vs-

I(.I I tI1 -

I k ll I t 

.-stt, (.I.. 

I I I.. 

I lil l ,, 4I \ ilalll A\(l(c ills ;11'1. mai]i tlllillf -ll1lilil r,'. ill e l'lllillalt III it ' 
I111!1. I h I T Il .lrIhu I 1 97s h(l ioIIl h'i l.i If IUT% I 

1 iti 'I It/rtl jt e'lscriml alti Ml \ 15. I9-1". 

Lt%,Ihi'cIIp I',\ilI'1',i' ftl ,oii{t landl,Illd l ,;l+I(ci iiiiiii, liai' ti dir,.(.ih
IpIkh,d f, ,, ,ll, l,,l dh,\ II ('( l lowrb ac, l lilg,l c',' t l ,,w r ' 'I I,.fI k ,,.t li; h rial d i~i a; d 



It,11,}*,,' E,,,,I,Li , tuL, ,u ,, ,,,JF~ l~t , ' ,u*l Iu APP, I)\ Iult 

I ,i l" I,t tl ,I I','I' i , i IIli II It uI'u, ,, Ii< I Iu.; It, si 

ItI I, l l 2I + '1 \ ; l , H+i 1 I+t;i ,, II 'II)II 

, , , .t l I~,lI I,It IIIl d+I II,,~tl, il ,I I IIt'I I I,.- . IIs 
II+)It I,' 1I t ~ " ,I 11't s , , ; 

( II' .qI 'II II II,+ 

, "s t ', ,I, I,. , I'I~,lI, l ' 'III,'tIt I l, ".; IInIt,l ,, , III s' l vI Ifl ' 

rlti I,~I,,I II,,'I I I I,., I+
, h',hI IF+ 


' ' , '( t,, ," , ,,..\ulI, III.l; t vI ". It-.I I '~I,,, I,I I,,h Is 

I,, II. sII'I' , " I q I s' ~ ,III sI It .s..1. 11 ( -I "+ ll . l+tI I i II l 11111, ",,I 4 

%1l l , .l , l II N.l~I, I, It",II,d \ .1 , , I , , t , i (111 t\', ll 

. ,
' I s IIII l , < 1' 1- . of 'l \ sl\sp 

1, 1....1 ,, , 1; (1,, , , itl l ( a h '+Im,,*" ', tit II ihith s Ih qt)ki is 
, IIIF ], sI,, , II II ; IIII .. 1 , 11, II1l11s <'u dI'< (it I 

11t m ,p (d. jr (d 
' 

II .,. x,,\ (I \,. dl( 11,, t"( uI(Itod,(i~'. ., , o u h l . i ++l ' <l u < l 

* 
'1t 1 ,1i I iltI+I)(.I))(t , ,' , ', 111141) t, thli ( ll, .\ fil lw 'r Ir l i\ d it\ IIIdc d 

IF 1 1. w . V H ) I(, I IIIIiII ,\ tIIIi \iIII III I.ll I I 
. ,III Ii /I . II .i,1 , '1 / 1, 1111 l+, i ' 'i ', Ill I'Ir 'Ii To( I ' I 'II \(, I'II'(')I 



*, iltiI I t Ii ,,t , .11i11d .lttl li tt idii ili . (llhI il ' 

\ii. .. u .,, i ',l il i l i ,'i i 'l . ( 1iliii_ 1l q l ii l l i i hiii 13 u liii, 

I " I , ', I I' i \ . i i t i " itF.I 1 it ii t i i , l ,I .i i 

. I i f, \ .U . llt i i I i .I t i il Ill I l I t ll i l 1I I i ' i 

1I I I I I ,,1 < l I I 'I i i I I tI Iit I Iii, 4i 1iii 

I tt ii .I t 1 ll t xx",l)l,ii "i i, 'iu jl xt l,illxii i lili, 

( i 1li i t ill 1 i i l fiii tt t il i iiii~il Iii ii Ilil I',iilii I iii It 4 iii 
,, 1,('ll ,1 i11),(ldil 1i1
t.I,i,, . 1!,1(1 r II,r>hr 1,,l 

tjf /I,( i I \1 I , "' 1,l il ;11il l l \i l IIIIll Iil y ltl l t d ( 

I fiili , 'IIItq I f,', i I' I ' ' l i l' ' l i i l i ll ( ( 1] ',tlx ll ( l ' 'I I , I(tll ki i i * 

, 111ItiI.it..1 i LIt 1(I 1 (l )l nl l<.(. I\ I Ilt I )I.ill, )n I i i ( 'il h \ lll 

i , 1,Iii i, ,'t , I \(llllt-kI" . '1' \if r -iI I , \\.( .1 . 1,i1 \ i l.I , .. (t i ll Is -

I ,I. , -Ill, . li ll, 11 ,t ;, ,II ',I I I ii l i p ithilI l IIai ,, n ikin hilut 

tIiIiIt ItiiiI I/t 
. i iu 2 17, 1,tl I sI ,i l(I' pll,(t '(- 1I \,\ll.i , )11i t-l l l l lI.( '11., 11.. I I lI( Itli/ 

,I 'i1 1't! ,U1 1 <I t lI ")I( ', ,lll11il )I I (. il (l - I ( II Ni(v tri Il I i s ga ra()iXpI , I l I 


f i l'4 1\11l l, ", l tl i r I ,ILIilh I i' lt l it II I(-, to hi l r l -It' lll ch ..i 11l I l.1
 

I ( It, 1 111. I I 1( ,,1 ilf. i[,11f 4i l [ i lit, rh)I l si o li andi l("+i 1 lill t'll i 

1111.+. w ,(I ll . I II IIlI liIit I II(, . .III. Ii t (a (d w I ' . i C lI. (. 



.I
NI. I, \,, . ,. i ! l, l I I it I . i I ii iii ttiiII lI, i it li t i tI 

Nt .t~ilt I t,l ii it iii. i\ ,. iii ,ttIii I l . iuII,. i it' i~hu ' i Iitt' ll I t,.! 

li II. ,2)I Nt 

li! it liI 
l .a k 1''l 

Ii 

i 

t' 
I 

I I't 1..4 

t It I I I 
I i I 

1 t" II 

j I 1 1, 1 11i it ' i 

IIi I ll 

I- i 11I1I1 NIj, I Ii llI S Il, 

ll III.utI 1i ,NN . lIt ii I I tI I 

s t.Ittr iI i1 I, i t'i "IIIIIi-ti l 'I 

IIii Ii It IiItIiNt'I 

1 

lilNi l li'i Sj'.tt i itli.i jlii Si liiu ilt i ,,iiii iii,,llt'i III i,' ii i li 'i i,l 

I IIIm' ii lI.it Iu IIIlIuIIIIt.\ 1 S i i (,I ,",l ' l i ,II l .II I i II t 

tt i,I ,Si 4,1I I I' "'It NtII It I I' , t 

II, li IfI I 11I( I i 1 '(ll. I 1 hIll I 'I-
I I i ,I,iI\ . l\ 'iNI t1 25 ) \ 1 I 

I ii*t I tI ,I itiI II I i I'l , I I i a i 

I I I NI ii ii I iii" iI ;11 .S1iII IIi IIii I it I I I I I. I, I I I I Ihl I t' ii IIi 

.%il \ ; li i~ h l i ia ,, I Ill II1 H c,ai ,lill-isli)f: 'm il al I..-lit;,i,II lI \ i 

l i , Ii I 'N. \Itl I )I ItI.II lt Wl t1Ilt( i I l i I\ I l IIii li f. fI I l ilI Iit-

I tli i ujilh t i tili1iiilhiilii;htIti 'il Ii' i 5 1 1t 1u' . 'l i I .IIl IIli 1l 

uali rdl I4 iii :uin \ 1i\ ,' r i nclllis (I'll i lld ie iall.i i Ii l iiil ihl l 

1
liil. ,.li hu lilit s 'I t l iiitr 1iN 5r IN,,li t'i ttItllIlit'\i rili tlll l l iitIIi ('i l 

l \ 1 .4 t ' 1;111 1i c' i,,t'..J il tir-I 'l tll .iih i i fill i )I llt i 

http:liil.,.li


I,,I II, I,.Ill 111i)( .\,IN 1i tll .1 lIli'll ii , \*l I h 


I ,, I, ,.I , h ., \ .i!I'j, ii l liI4 I "l l t It i 

I I II,.tIl I I 1i1 l i, lit \ 1 .IIII I II,II ll 'I,i 'iI , 

liiI i, )I II IiItItItttttI hI1 1, 111li1t',,.,IIiI 11,t. 

"I", 1II, , I N,I .,If ,II I hI Ii-.Nl ,_, _,iI.t 

I ~l , l ) lI IiiI,,lIH,I ," /I'II II H ,1-,,Iv\,,,,ll ,I l~ l f ~ ') l l l I.. 

It IIit I I,r I i l IIiI'i IVIIi-,tIIIt,'lI IN I i -N 

1 11 1. I I' I' I - % 1,t'- I NI'NIt' I ' ll l I I I 'lll- II, \' l '"l l l l i N -,l I11 

,lt !I.,.I I I IIl I i1,11\1 1 1 1 1'ljlic,

.,l,,Il.!..1 ~l ~ ~ ~~~~~l_..h,I,.,Ih..11.gat, tli'l h'~ ~~ ~IvI k,,I4 
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,)I~ 	il ~ - + 1 1,l'f ih II j('i ,.III ltl)\ .ir , 1113, i l~l,: )'.h r " ifiliw( b'll it ,c 

ill,. I I I I -\ . 11,,) ' ( ( d l i ' ,(d jlil 1'Lt l w( ill)..iti 	 l)It l l I. t , II 1,, 1 1 1\ 1 1.11i 1)l 1h 

... lI. .I tI .I4w.4. 1'1444'. ,'ll<l ll' illk i ,,l (li ir Il411 1) ( \\I i lI lII 

. I,, . I t41 ll .p1.11 I '. .444 , hI Ii ' d I.44441m .I\.(I, 'I,, I I I'-ill II -	 , 

.4141444 14 II.I .411 1 4I I4.4 ( .I4444141144~~ ~ ~ 4.44444~ 4 ~ 4('~ 14 ut I414I 

I-l1, an fi -]i Ii.tlI,,,, )Il 

'.1 4\,4444 I+i ' (It , II -,,l , - 4!,, 'I 4I1I1I1Id.I41 
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1111 INI)ON[ I,'N PI<UlIiI 21 

sitc"lvr ('I)lt ~'it't ifI )1ingIdic/di' (1,c id ulisizsillicailger , vsrla 

it(i preisioniill each, 1t1igh wl~ith ias 11111(11 as hin ionliti rates. Thet IlII1llhtr 

of silots ill these islanIds (/Adl1e (i) were as htiinsss: ( ) Bali. =i I Iurl, IIl. 
ban~. (2) ImoIl 20, 11) rural, (ud all rural, (T) Kalimiiii u-- A iirhat pcr 
pnwilt'c). A!l 1)111 :\liliii sstrt cliuseim1 ill thle :' .. tiliitti( Ilialner indiicated 

a!l im c, A reprelittilmv~i I ll samptJlingL 0' A\llibmi \\.5 itsot! iiide( ill the 

tagie ti-alI Siir s, i imli ls falHsodcv ypplto 

at( ; sVy(cmIici samin~iig rtti of 20,000 pcti)lt per3 silte. 

Slage( IF - I BTI 'Ss raldoliln 51i('(ttd Ilml itlionIg aill Iflls ill tcth si'-

Stage III till n ch lIT, ateellsiis l)1h wats raiidmuilvy chci. 

VIlho seht-tttl sits inl Wevst l;va :tm I lwt ilin Iast java were illhd to be 
itn-tl\ it pait of the capsilli (list ri bil ito schieiiie. Since tilet were It) 

iii flici I.S 11fraivtiiSL substituted. 

~)Ii 5 pimi'ste i c (XvlIll('lI\(np' i ilvybcwcr/i '-l 

(itif liactt Ssibi lit\. ( )ii \\,;I uii lava,(adl inlml ast ( tiil nl Siiiisttsi. Nithi 

Sti Iastei Sitmiti Suilciisei, anid Ateli. 

c iloA', titiititi saN 

\dlen tItnie realist it itt iiaes ()I travel t1-lig it 

I(,, nalIl(,f ldill titluitiI his ilii rsev wasn 

fim. adi act(.ssii iily il. 

allf-'icd. ili fit( salivivitesm~ i it'eMi r it aeVilli Bali. ii I1iiitiii area, to) 



I, t lI t ' N I lI III. ". ill (It''tIliii ' I l , llItI' '.,'I I 

I I I II i IIII l il t IiI NIl , I ll IIII II II, l I II11I 'i I,,'I 

, ftll, WI, t illi, S. I % lt I .Ili I I iifis IuftIiIffll iN ll .JS 'ill . II Il IiHiis 

il ', ' r(iIIfIi u dil ,i IS tsll i Nt,11 1., lf iliii' I',I l.,'.llf l i.'l, n lil. . i,' iiN 't S 

,

i I i li IfI.1,IA tIN . i 1i 'ii1 I f11 l I 'l l lii ,.IN I I I I , li' il 1 ' 

I I II I i it I II 1111 I I i ll i III l uIt tf lii; I ,Ii.I i (I s IS, r I rfll .. 'ii . 

Iw hu1lt ll fa i l IfI,I, r i f l I . lfNI ll, ' Ilsi nI 15 1 1 i ir.fwl (f fihi'lm.I. 

N(II .,i llchfitfi 1 i Ii 
l )!)lI'I i i, 1 . 1111I11, &I 1 . IlIs .. '-' 1( 

111fi ll,'i ,lii Nll\,. i!21 55fi\(I.i'. (1 Nil1111111 Ia IfilI ipii ht'i:,( laliII t Fif . 1111 itISI hi 111 fIiltc)I Ithal.t\ ,\dit .1 " i\%I,~Ifs 
l I ,'Ii1l111.1 ' sIIr\ ('\Ifl' i\('11
I,, I1 1 S( ,,Ii \N",

ll1ri ltlI Imlic (1~ a l lp sir .''llcIt.)~ 1I~llld j t 

I t11 i lii I h mlliI, \ \ ', Illii fli'if lillillI lii'f aI I hI1i Ii \ c,.i )Ii all l r'l",. 
llhi \\. 11 , llim lic'ai t , ill iiirlil ',(&rWvest, .1;l\;l, ti-ld h\ lichl lliili \illmi 

11.11II,, 1 ,iiiliiiilifll iifI ill 1\ i .t .\ iillils silpeisllm a ifiillIS lii ifti ISw, r 

1Ir I1 1 ll
 

Id IMlli,, proi.std [iill ' ie'ld,%iIII llt-'odliwi \eV'I'ilwd Ifn ba'.ll'[[lsic" 

<,litA I1M illi c dilti l \ I.1'\ iI I li( i'1 i-ll[. liu'\-v 164'\i i h ,111 ' tlil k .a 1( Ih i( IIishl) .


,I,4,.,ll, I ,ill,isd 1 1( .,, ill (,illI~l
illd[.c I hl . inii.\il i )ll ii1( . 

\m~i.l ( , aisli'il I s ifINI'l iI.hilill,, ..ii,.d( ,,Ifs l at ) ( II liIlillillIhI (,l' cl, 


,Iw. iiiIll id 1111I I s.l] .n\'1ih) 1 1 11i illlipl[(,liIIll "llI 'llill
,,[ i ,il.( . cI d . is I h'.( 

iii i (Iil,, I1 ; 1If [ Li ll~ 1i .(fin.,( is,,11If aill ,(la- t iI (1 i' I IhIit. [;siIit, IhI ili Il'

il-'. -litht 11-rA ( iti (I, 1"i IIliill\\i,li'Iit hh .rI\. , w , ,if
',Iliiillli i lii111i ~Ifih Ilill ' I)n 



I unI' l ) ,lil ai i ' lt- ,'h..tI rIlII ' ipa m,rtfd,i. II il tlm Ifu rI I tmt l. , lI . 

' II. I- ",*at jll'I I.ItI It k l it i lI al I.. I I . I lit,' Ialll,' l'. l ic i Ill ' , I,hll-\lIh-I 

,I' ...I!., It i lt m ~ i,.11' lh , (lrd itIII .. (I q ,',Ij',i' IIII(11 

IIII,}tI tI \,1t . III r i( l. r'hplludI I . 11l1],If~ ('l,.1'i, 

.1'i11 I 'II . .. Ii I ,l, 't',i'lit4, .lI h(l i l l uil I'.12l 1,lltih (.. tI' , 

,+ IuI .,I (~ 1,11111ci itI ,II, (Iit-I ,I lI, .,t I I \if i.,,II" " (I I N,l ifit' I 
I.I tI, lI'III 1 ) i 11 -. i, I 1i. II1h it ll(III, is,, , ,+$' - I11 %lu. II a. ) I \%a s Iv;i',11 I 

l~t ,,,I,,,,'l ,( I , (
" 

ti t 11 l- 1-1116'~ I ( l t I1 I- \1- I,,' 1I, ) i,.\ l W 
\ , 1'. 1 ,il l \ l'a I I I I ll .. I l ll t .112 ifi-I ,1111111 . 4 -1 I I('li-til11' I., - .\ , ,h,. ,,hSiIII i 1 l,1( 'lIII i sI t l l, t +,l IIqI hf l4 II I -I i I;Il-1 ,I' I 

IIf I tilI Iitit(I1 lr lo,11,t 111111l\, ''t,\,ll I I m i '.tI P I Il l If.'I,,II'li iI I, ,.\,,,,,. I,,'11,, Il t l,< ti,,m 1 ,NI ,II III I . 11( 1 f II,'tIf;III 
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ixr.ih ,1 l. itI Il. ,'11111 \ind,, I ril1 l \ I 11 . 4tl l u \ l I d I(i 

I! , it l IIiti 144 1 4 - iII I I Il l I I I Ill 1111 i !il'(It 2 tlI,1Ili 

'I iii i \,,1I.11111* III ,,I tim l )> i-i Ill i i ] l.l l. t4i14IIi " lji ',. 

444ihiI ill .l'lJ iill4 i"l' Ind111141 , 

', i . I it 1 I )ill\IlII l ilt 'il) i l liI ( i 'ii. IIIxI xiII i ll(llt4I.I.I4' 

I', I )l~ ll ', xlil . I l'.',-i 0till 2 ,Ti )]iil'' i, ili iiic ' xitillli
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11w,,11 ii ,>t ii I.I1114I'',IxIIiii" ' I 1 vIx.ii I I il 
., I ;,) I " liiI, ll d III t+l \%II. I l l h u Il \11 
III .14i it 1 1 I li! Ii 

Ii I , I~i t , -iti.l 'll- i li I,,J-ill.,-. 114114 . 1411144.,lIildll ' Ill,4,l1i'. i ti (41 l lix~rlll . ) (ill,ilvV1...1,11 r ', It I d ir I". ,i l,. i Ii~ '-I~i I\ .ll (d ';111,' 
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i,t lI,,I I,,. , I, I I -Ii l ill i I I, i I.l ii d l I lI I A I,,,I 
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andit hall li~ltli-dtgimsets (.1)1% ollil limitiils). A tiotiil ol''35,s cases of BitotCS 

spots (X I Ill werte ilejitilid ill the 5iii'vevy Hicvatlo. alatiig(/stN-mlatlh( conli

iid all blit one' had sevci'e accmntpal'lying 'olijillittival thistast'. (lT'e sinigle' 

N\S: ThCi iii10A thihit'il i dhstIh)~jt'tivl' asst'Ssiiii'iit is ill dttttriliiiig thet 
likleuioutl thiat scar'ringi thIit wrt'i'tialiiilit illtIlti coicalu wais to c'tttit'.i 
\0'vlqiii.-\\ihittl t\I.miliing (lic t'ctA h (alvtIc til'itsact(iv' thtstas(, wt' 
canl oily siii-ilist' fi01ii availablhe data (cliinicalf finings; agoe (d, oniset; andt 

;Iliit1)111-11 d istctalge) w~hat that tiiigiiiah f)1.ut't'Ss \\'its. Althouigh \\(. c'all 

that 111051 chlilthit'i ill a pari'llai11 gI'(tlq did(or~dIid lot hiare /rluw NS. 

All ast's 0, cti. heal scarinI~g wilt' ( ltSii'(111 .1scilt' 0, (0 (().1 atetoI'(huig 

to h(le hg(' t4 whlicth ,Ivailalc lt'tttil sippmo-tld ;1 dfiagno)sis 0' XS. This 

that mioli'r t'titlogy was likt'lv. Fiath cast. was classified oi li livasis 1)1all 
co'tfiiit(Irytti dalta, 13uait'tt's that stl(ioiitdv sliggeste ta seof)IitluaftiIllic 01'

will iiithullet: (a) at.t se Ivear; (b) bilater-al iiivttlsellit'it;(C) severe scar

H'ill,, with evidltle ptetlotatiton itdhieteit lIcikoiiia. jilithiisis,t-spetciaii. ' 


dl'S(-'It'tt t'ht', (d)abliceltt reiasoinaibly t'tiaii history-\
(or st31jhpllla):i tt',l 

ilitl\w piI tfisthiliigi' childrenI'lflIr ii'it aas logi tdsers'cd Illitilgge t fwit

bilateral pfilrliw'. ti,or and ail Iit h()f tilI('t-ic'et truulisiv'd Xv. 

A\ total ()f' 151 chijldreni had soitclt (f(gl'ill () 'lltil scarringi., incliudinig 
mwcase lltlat act jV( (ist;Ist' is wl.( )htlo'.Se, 60t illliiistI h (( .ioiij 0) 5(' 

Ilta ty(ijli~hllil). Al 1(ol bCVistt11VutNV.t;tftfutimual :37 )CtIldh htt 10 

0(f)pl weret 1lioo lihiths it'siIt i'thi sess (11ithhilia. hiilt thit e i The scv'.S'.flt 

cawss ill ( rithp 2 miotst c'liical' tpic'ilhire iihithtt'ui haim a'ssical lotw 



dt,(i cl~ l ol IIi'4 1 1 1 IIIII( II 1. NI )1I\ 

\S . 
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Appendix !III:
 
Detailed descriptions of selected
 
corneal cases (Study 11)
 

IIi 1111uml, of ca se,. lh(, clinic.al coi-sit, Irvidt's (.hwc I() ilhe lpathcophy. 
iollo.\yr Ilrolihlidmi con'wa. desh'ulill. ,Soliv olr dhwse, cases hlavv, 
rvaIdv beenl desc'rilw~d ill dhetail inll I bodI\ of the hIot. (.tlli'-l's an' pre-

A\. Ca:st." ol' co'u iln.; lh'urrltiol {'I tl '. ,1) ] 'li'l ligj with poulilial p eIl€l-ll' . Iv

'lirel aCiavr 200110S: The e')nt~ ItItcdi, I,,,11bwa ; teeak.coi'lvh,
 
within %%i(,I)l): lahs clasial p(llil Im'cl'ed its
w on 'ly 'I ol wt1 asn' .'k t('il i,'p Ily,'r.i 

willn \rl ohilv l perfici. csio.; s. wls islllrl'v' oflI ll oileh,' f* wich' M nd twio 

wich, v''nt ,q . i\A 25" ,i; h d . l s vi ., , ,f" \lhi l vis ifl'i, also
prwsod" 

O'i. , 200ioll 1. This palliv'ul pI-sclnid wvilh all ild*rior"wr'oic' pll;. ill Il(' ritIll 
aMi,'d it Il lu nuv ips., , o s l p li c'ial I h 'c'r i ll 11h1. t( vilh r ll' t Sim i l ar'Il lm l i , i lll . q l i % -'r 


IIII' Ic'1 I-%I-. Tlhodr. Iv is it flilil Ini~lil.
I.l. d;, IL.%.. 
'a 201, % illiliallioll ol' Ow, strlr liul Iia;.im pro)t't' S, thisiIS%: Il'i-h lps (llollsh'ralillt! 

ViVI'Cpr l itcd.'lh %%illh twov, sl),'lic'ial sirllia hill~il . "lhv alllh'liolr walls l, botIh{ 

sl,,hm ld X,,illl Illuol,,s(.ciu . sIllL.s'liIll! thatl loss, od',elilhill lillin tl(ia da 'lvIv v'lsi 'vI. 
Ctow 200(,'0530: 'lh(' riLdlil co{rm-a' vlllj~illedl it thick., c .ilhid werotvlit( i v ill Ihic 

illh'rmIlir tsal (Ia roll, Theu salu ., illirl, , l' . II v,\v %%';is,'ulpied Ihluu'. Ad\.Io hy ill 
jI;tull . r}~ l} ~]v, h II[li r , d\, s. \ilhi thic'k h uh'c ihrce( sh',omal ",-'iiv 
rI,I([ %;lsd, ,II~i(';Illh stlivil brightlyv ( )I, (1-dyflltlI ,Ulil\ (vinhcr.,. Tlheir silfil'c' 
h,1\ iIIL4 Ihl. ".I , A [Ilc sh-onlia \vvsic'vis wvre'( go(ll., illlid \\ hill haIdfirst- (11 v\ilainlin 
bei'n IIth. ir,,mlit',. shli,'( hiinllY fillal l. "'111 11h'v.r halul hvadyl\ inllprlve, 

B. (.;.,,. ill v h u\ 5 (I 'I ;li lc-')4 ullr,} o vllhli lil.\ h';lnsilifillo~l Ib'h vvil c'ah'
".ov.i,'. -I olh.cr., ,rld 16 ca, dr(h.,vp I.' -olaI lftroiss. 

C'tiw 200/12!k}.9 A\ twi.-y,'a-oldl boy~ lprisvlhil %%fill it ltwo-IIIIIisto l* lhi I' igl 
bIdic{',, alod oit'-m,.,k his.lor 'v ofl %Ihih'( s.,l fil. l ll lh h' l li can(;.V'ita'min A\ oil 

d i ss, s .5 tu i 
dip',l \~c'd , 'la l blul otll-'rm i. c'lassic'al {ilh' gol' .1) sh , Jlll m'ii v.Id-lil. h'u'vil \y' 
Ai m i o ni \x l a i iii 2. i t1'l (11 a n di -d' +ain wa, s r o -j . TIb ' r i gh t .vy ' 

•,hih, 11h'vir (11oli'-1hird (h1-plhil ul sm )Ilh'l1 Ilulrgills. \Vhihv,. flhot-c ill hypo.,) 
Ip.o, l 1\,1)0' lloilheriitl \w,;s ildi i(J t) fll Nicb.k od"I'iv v'on'va dv tho Iliv uhil r. Ilhl(. 
I 'l l (' olrm .,a flh i t l a ,i centl r' Illl i f-ril jr-h l l pl -li I l 'l-cr ol i . piu n ch v,d - i ll l p e(r vol t d ' 
bwualioll Iliu'ollth Ihic'h I,suvifl'n s' Inlllwillll,. \witli sollllit' mc\rl\ Iv'ili. o in la

h' 1i11. . Il aI'l'flr d'iallill.'being, fill. !11ll1dor rI'll ille' dIhvl'ily) (11 t-hlwal'sI.d,' Ih ll 
ha.id.l tnhe ri'ii ;r, ;i Iviiul- a .il. I ,, lIal'gv'. aidliv'rviol hlikllm.-f a,11is 

Ca.w 2001157;;: A. im)t-\yv,;r-oild boy \ilhli rli~i..\'l.hir ll l( ;I selill v'ita

http:clinic.al
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H I M I I 1 I 111A, .11 )Ii I201 I (11.'H II I Hllil'Il. 

ml l ll, \ ll v, , it Il Ji l l,ml - Ire i + lh I Ill li' is \w l iti 1i\ ii I i 

.ll t V\,i ,, ll11'' .,il l I , ,t \ s, I I ,1sjhi., i2.lt.i uti'l-i.i rl1, i i l 

1.1 I -I I I I l it I * tlIIhI( h ih 11  i Slit i I , ,,lh 'l I-\,. "lh 

11111,,,,,i h.i,,d, i ,, I II l- 11,'. ,, Ill, ilti I l i h ii ill h11.ll4ll ' r T hr 

It , lluI .il M , il I I II I 

tihl ,l ,' .,l,,111 111i , l , hi l I'm llS,111111 
u.,IL'. ,i 1 il,,Jl u I,, I11 ,11t , ,it i I' , It l I.i11, ,,,, t\ Il, 

,l I +l l I,hI h ad I 1 

ll S It. , 111,1- l ,i iu d IH \\tliii 1 i. 1
I1,. 1 th'1u1'1. li ni I\\ til Il] II ,I) Ill 

1111 I+,il I II 5 ,,1 Ill ll , W lliR l I ill Iia llsk('. Ill t ii l)1 (lIl lill. 

l ,11 l it IvIrinI 1111 1+,-1 i 1 1 I"S1 'riiII I lllill til , ,ii+ l an S Ill lil imt1.ThI 

. N, .,1 ( t .d. I IIf pi. ; 1 1. I', IllII.1, 1,..k s,I I' \I 1 , )It( ll Il a I,,,' I l,1\ ,, HI ss t~ 'I ra IIt ,) i,', 

,11111111 ilml 12 I\Itli I .11 i i B 1 11\ it2 Ill till, l c1112 ii t IlIISiI 

Itl I, I I k, III l ,il II(I it, ,. .ti I il IIIl,I,_,', I, Si hlil i I f hI ll . iit,

a\,1 210l.II 1 4I t tidI II \ tidll rd ilII1 , t l 1 l 1 i )i\l i It I,il71 I i i tI ,Iill1 111 .is lil i \\\ as kilt1 1, andi, I(. I, ,I IIis .it I iltI ,11, 1 1 11 .. 1,1 t1115 

I, I i t,, I ,I I, , 1": I I I, t \ ' Ih , I Im l li, ,I11,.t-I ,,1li' I , I , A l I 1 1, mh . I i, 1 % 
,I, I ' uul , Ih I,' i ,, h0( I II,,)II,. , I, jh ' I, ,I ,, . l r . l i ri - -(1,2 10,,,I. ,_+I l.N(-

Ild, l I t l lI , it th .i I 1. 1 1,, I c,' if. lit,' d iv h l ,1.\ , I ifw,. - ,Iif1\'I I,'Il II., ,II l llt if '; ' 

l - l IIN I mis11h ltia \111 .,IItItiI tlI f \ - I I II \ I iIItlh,' ' t ;I I , liI I' i t I ll v 'l I1 I I 

fl(u Iimal 11,' 1,,,r1.1.' h lit,'\,' l h t' I.,,, . Ii , ,. 1' ., , s 'i fl "I+ 1"',h,,I .ccill . vI lh %in 

I I .II, i III,II ,1,. i , I B \ I,,, I 1, . .1 . l - i . if1 lT u rh 

' I , m.+w #+ J'+ I ,, -',-.. ,,h l m ill+h ,llt- t llill .\. T,mh .+ l h , - I dr-

'I" ,,,Il ,,,h'.,O-OI., I ll.. ll,,I} l ",,'m. to ,lh',,.
I ic 'tli h'cl,IF, , 1 t :I ,II +, ilhc ,I.s 

,Il.,,II i, ,l h,IL \ ,l'l, I ,,t. 11\\ ]St.'.l,".i, ' itl ',,rn i'ii, ) .\ ,,,t 1. i nth I Ilo ( \cL , 

1-2 1If, I,' ._ . 11,1..1h1 lld Inhid a .hratt+fil . _ I., 1 ' .r w i \ I-c l m l i k n \\f,,r 
I)+, hh l, ,LI ,I , In~Il(.h1-, ,I I (Iic I 11h \. arc,.h tl,III-I . .l l,,.+Nd,' .. c l-r 

' jlt,- lt k II I1, 1, l. .,ilsh,\%.,s,tw, , Hm mc+~ ,; \ . 7 111 t1. I 1- 1 111, 1 1 14,.Il tn i,.l l i I,)+L 
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