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Preface

Xerophthalmia (keratomalacia, nutritional blindness), one of the most an-
cient of humaun afflictions, remains a major clinical and public health pro-
blem. It affects individuals with liver disease, malnutrition, and a variety of
malabsorptive states, but mest acutely, depressed populations in develop-
ing countries. Half a million or more chiidren probably acvelop poteiially
blinding corneal xerophthalmia 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 und epidemiologic nature
of the disease. This reflects the paucity of carefully controlled observations
of the disease in its natural state. In an attempt to rectify this situation and
answer major questions 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 elinical,
biochemical, therapeutie, 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 questions fron: multiple standpoints, these questions can now be
answered more definitively, and with greater 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 nrovide a comprehensive
and up-to-date description of xerophthalmia, 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 Lioped that this book will prove useful to ophthaimologists, pediatri-
cians, nutritionists, si:entists, 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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1. Background

Never whilst memory lasts, can one obliterate the mental pictures of those
pitiful little bundles of marasmic, apathetic humanity, . . . Their faint,
feeble, fretiul wails ving still in ones cars today, summoning up visions of
wasted stick-like limbs, of distended abdomens, of dry, inelastie, scurfy,
scaly sams, of hair scanty, brittle and dry, and of sightless desiceated
eyes.

R.H. Elliot, 1920

We fedd confident that these cases of xerophthalmia reported by Mori and
Bloch should be looked upon as a deficieney disease not hither to recog-
nized in its trae relationship to diet. It is not, as these authors helieve, a
“fat starvation” which produces the condition, but a lack of the unidenti-
fiecd dictury factor, Fat-Soluble A, which occurs in just those foodstuls
whidi they observed to possess curative properties.

E.V. McCollum, 1917

One of the worst scandals of our time is that . . . young children go
permanently blind every year because of the lack of minute amounts of
retinol in their diets. . . . There is an abundance of retinol . . . collecting
and processing it . . . to meet the recommended intakes of all children
in the world would be a trivial and cheap technical achievement in com-
parison to sending a man to the moon. A much more difficult task is that
of distributing it to the children in need and of educating their mothers to
its value,

FAO Handbook on Nutritional Reyuirements, 1974

Historical development

Clinical manifestations of vitamin A deficiency are among the oldest re-
corded afflictions of mankind. Reversible nightblindness was known to both
the ancient Egyptians [1] and Greeks, as was the therapeutic value of ani-
mal liver. It is unclear when related changes in the front of the eye were
first recognized. but it had certainly occurred by the early 1700's when
corneal destruction was noted following severe systemic diseases like mea-
sles (2). By 1816 the first animal model already existed: dogs “starved” on
sugar and distilled water developed perforating corneal uleers [3], much as
was observed in “ill-nourished infants” [4,5]. Hubbenet, [6], in a report
that preceded Bitot's [7] 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 faulty diet.

Blessig [8] was one of nmany authors who observed the complete spee-
trum of xerophthalmia during the long Lenten fasts. Numerons reports in
severely malnourished patients in Enrope [9-13] and elsewhere [14-18]
soon followed.

In a particularly well-documented study, Snell [19] demonstrated the
specific curative effects of cod liver oil on both nightblindness and Bitot's
conjunctival spots. By 1892, meat, milk, and cod liver oil were being ree-
ommended for treatment of corneal ulceration and keratomalacia [20]. In
1904 Mori [18] published an exhaustive clinical und epidemiologic deserip-
tion of Hikan, as the discase was known in Japan. He recognized the entire
sequence of ocular and systemic changes: the central role plaved by defi-
ciency of fats, particularly fish liver oils, from cither falty dict or faulty
absorption; the importance of diarrhea, kwashiorkor, and other contribu-
tory and precipitating, events: and the specific curative powers of cod liver
0il administered ecither orally or intramuscnlarly .

Shortly afterward, it was found that animals fed “pure” diets of fats,
starch, protein, and inorganic salts developed inflammatory ocular discase
and corneal ulceration [2) -92] and ceased to gain weight, Administration
of certain “accessory factors” present in the lipid fractions of milk, eggs,
butter, and cod liver oil restored them to health [23-27]. McCollum
termed the critical factor “Fat-Soluble A™ [28]. Both he [29-30] and Gold-
schmidt [27] associated the animal discase with human xerophthalmia,
Bloch’s [31-32] clinical and epidemiologic observations confirined their
supposition. Thus by 1920 the disease and its cause and cure were already
well established. Tt was not until many yvewrs later that vitunin A was first
crystallized [33] or xerophithalmic patients shown to have decreased levels

in their blood [34].

Nomenclature

One of the most confusing aspects of xerophthalmia is its terminology. Dif-
ferent names have been applied to the same condition, and more confusing
still, the same term has been applied to diflerent conditions [35).

Nightblindness has been called “nyctalopia” [19) (Greek: nux, night;
alaos, blind; ops, eye) and “hemeralopia™ [6,7,36] (Greek: hemera, day),
terms which have exactly opposite meanings. We will refer to it simply as
“nightblindness.”
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“Xcrosis” means, quite simply “dryness” (Greek: xeros). Hence “con-
junctival xerosis” refers 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 defi-
ciency. Previons nses, and those suggested by the results of the Indonesian
Project, are disenssed 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 conntries. Un-
less otherwise noted “xerosis”™ will refer specifically to changes consequent
to vitamin A deficiency.

Loss of Stroma (corneal thickness) in vitamin A deficiency is variously
referred to as “nleeration” or “keratomalacia.” In common ophthalmic par-
lance “ulcer” (Latin: ulcus) refers to any cirenmseribed loss of corneal sub-
stance, and is therefore an appropriate description of many forms of cornenl
damage encountcred in the disease. Strictly speaking, “keratomalacia”
means corneal “oftening” (Greek: keras, hovn; 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 pathognomonic alteration from the more commonplace uleeration
seen in vitamin A deficiency and a variety of other diseases. While there
may be some value in continuing this practice, primarily because of their
differing prognosis for nseiul vision, it has so confused the literature that a
recent, anthoritative publication referred to xerophthalmia and keratoma-
lacia as distinet and separate diseases [37].

“Xerophthalmia™ is itself a purely descriptive term. In fact, “xerophthal-
mia” was first coined by Schmidt (cited in MacKenzie, ref. 4) nearly 200
years ago as a nonspecific term for dry eyes entirely unrelated to the nu-
tritional discase under discussion. It has since become synonymons with
this nutritional discase [38]. A problem still rcmains in deciding which clin-
ical manifestations justify application of the term. To some investigators,
like Blegvad [39], xerephthalmia included conjunctival and corneal
changes but not nightblindness, while to others it meant the corneal
changes [40], conjunctival changes [41], all changes except “softening of
the corneal tissue” [42], concomitant presence of hoth conjunctival and cor-
neal changes [43,44], and any manifestation of vitamin A deficiencey, ocular
or not [45]. We will apply the term to any ocular manifestation of the
discase, including nighthlindness [35,46).

In 1974 participants at an international conference on vitamin A defi-
ciency proposed i standard classification of xerophthalmia, which has since
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Table 1-1. Xercphthalmia classification (WHO, 1976)

[47]
Classification Signs
Primary
X1A Conjunctival xerosis
X1B Bitot's spot with conjunctival xerosis
X2 Corneal xerosis
X3A Corneal ulceration with xerosis
X3B Keratomalacia
Secondary
XN Nightblindness
XF Xerophthalmia fundus
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 corisiderations

Detailed discussions «i the biochemistry and metabolism of vitamin A are
beyond the capabilities of the author and scope of this book, and the reader
is referred to Moore’s classic treatise [48] and recent reviews [49-51]. A
brief’ summary will prove useful, however, in understanding the clinical
and epidemiologic facets of xerophthalmia.

Vitamin A is a fat-soluble substance found in ester form (usually as reti-
nyl palmitate) in animal foods 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 absarbed into the mucosal cells. Caro-
tene, the naturally ocarring progenitor of vitamin A, is synthesized by
plants. The most potent of the provitamin A carotenoids is all-trans beta-
arotene. Beta-carotene is absorbed into the mucosal cells and split into
two molecules of retinaldehyde, most of which is promptly reduced to
retinol. Dictary lipids, pancreatic enzymes, and bile salts play an important
role in the intraluminal digestion and assimilation of these agents.

Although some retinol is absorbed directly into the portal system, most
is reesterified, enters chylomicra, and makes its way to the bloodstream via
the lymphatics. In the liver retinyl ester in the chylomicron remnant is
taken up by lipocytes and probably by parenchymal cells as well. During
its uptake the ester is hydrolyzed and then is reesterified, largely with
palmitic acid. Retinyl palmitate 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 the 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 combination with a specific transport protein, apo-RBP (retinol-
binding protein). The complex. composed of a single molecule of retinol
and a single molecule of apo-RBP is termed holo-RBP, and in humans cir-
culates in a 1:1 molar ratio with prealbumin. Holo-RBP receptor sites on
target cells bind the comples. After the retinol enters the cell the apo-RBP
is released from the receptor site and ultimately degraded in the kidney.
Interference with protein metabolism of the liver can depress RBP syathe-
sis and holo-RBP release.

Retinol’s rolen the visval eyde of the photoreceptors is remarkably well
worked out. It also participates in RNA aud glycoprotein synthesis and is
required for proper differentiation and maintenance of a variety of epithe-
lial structures. But the precise mechanism by which vitamin A deficiency
auses the conjunctiva’ and corneal ¢hanges in xerophthalmia is vet to be
determined.

A variety of body tissues and biochemical techniques can be used for
assessing vitamin A status. With due consideration to the size of the sample
and the area from which it is obtained [52], vitamin A concentration in the
liver is an accurate reflection of total body stores [53]. But liver specimens
are rarely available, except in autopsy material, and provide no information
on the amount of vitamin A available to peripheral target cells. Serum sam-
ples suffer neither of these limitations, but even when protein status is
adequate to support RBP synthesis, serum vitamin A is a poor reflection of
liver stores, 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 retin ¢ esters) is measured,
although the two can be separated on a simple column and reported indi-
vidually [60-61]. Unfortunately, “total” vitamin A is sometimes referred to
as “retinol,” a practice which should be alandoned. Although none of these
procedures is complex, they require careful attention to detail. Results
from different laboratories have often varied significantly. A new tech-
nique, employing high-pressure liquid chromatography [62] may improve
reproducibility.

Immunoassay of retinol-binding protein (RBP) [63-64] is a simple tech-
nique capable of being carried out almost anywhere in the world. Unfor-
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tunately, it fails to distinguish between RBP which is complexed with-
retinol (holo-RBP), and RBP which is not (apo-RBP). Even in severe
vitamin A deficiency, substantial quantitics of denatured apo-RBP continue
to circulate [65-66], although the “total” level of RBP will be depressed.

Holo-RBP can be assayed independently of apo-RBP [65]. But the tech-
nique is complex, and available in only a few laboratories at present. It
probably provides the most accurate index of the civeulating level of phys-
iologically active retinol, but, as will be seen, may prove less sensitive than
“total vitamin A” for distinguishing between varions degrees of severe xe-
rophthalmia.

The Indonesian project

The xerophthalmia “story” did .ot always unfold as clearly as the historical
outline would suggest, and numerous controversies still exist. It was to
settle these, and provide more precise and definitive information about the
factors responsible for the large numbers of cases arising in the “develop-
ing” areas of the world th-< the Indonesian Project was undertaken. This
section will 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 from tiny uninhabited coral reefs to such giant Jand
masses as Irian Jaya (the Indonesian half of New Guinea). The present
population, which excceds 130 million, is concentrated on the islands of
Bali, Sumatra, Sulawesi (formerly the Celebes), Kelimantan (formerly Bor-
neo) and especially Java, the cultural and administrative capital.

The people are basically of Malay stock. Over 90% claimn adherence to
Islam. but animistic and Hindu/Buddhist influences are strongly felt and
women often attain high social and administrative positions. Eighty-five
pereent of the population is rural, living in rather large villages without
electricity, protected water supplies, or adequate means of waste disposal.
Enteric and respiratory-tract infections are therefore common. Per capita
income in the 1970°s was roughly $100 per vear, but has been rising, some-
what uncqually, with increasing exploitation of oil and other mineral re-
sources. Anmual population growth rate in the mid-1970s was estimated at
2.5%, but is probably falling in the face of a remarkably successful family
planning program. In short, Indonesia has all the characteristics of a poor
tropical country, but is not as poor as those on the Indian subcontinent or
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most of those in Africa, 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 for nighttlindness.
One of the carliest, most astute descriptions of xerophthalmia came from
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 bioenemists, clinicians,
and public health officials were interested in doing something about it. The
carly 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-ngitudinal 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 West Java known for its high endemicity of xero-
phthalmia. The children were reexamined every three to four months, for
a total of seven examination rounds. In addition to the clinical examination
(Fig. 1-1) and recording of interval illnesses, the weight and height of each
child were measured (Fig. 1-2). Dietary histories were collected on all chil-
dren with evidence of xerophthalmia, age/sex/meighborhood-matched con-
trols, and a predetermined systematic subsample of all children enrolled in
the study. During the first round, blood samples were collected from these
same abnormals and controls, and on alternate children selected for the
subsample.

Studies 1H/1: Hospital-based study

A team of similar composition to that in Study I examined all individuals
attending the Cicendo Eye Hospital Clinic with evidence of xerophthalmia
(including a history of nightblindness) (Fig. 1-3). An elaborate ocular and
general examination was performed, historical, dietary, and socioeconomic
data collected, and specimens obtained for biochemical and mierobial stud-
ies. On some, a small conjunctival biopsy was performed, and the proce-
dure repeated, at a predetermined interval after treatment, on the other
eve. Final follow-up was obtained on all children by visiting the homes of
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Fig. 1-1. Routine eve
examinations in the field
were performed with a
handlight.

Fig. 1-2. Children were
weighed on a “dacin” (loeal
bar balance).




Fig. 1-3. A “papoose board”
was convenient for restrain-
ing children while examin-
ing them at the slitlamp
hiomicroscope.

Fig. 1-4. With eflort, study
teams in the countrywide
survey could reach almost

half the sample sites by
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 xerophthalmia. Four additional cases had already received both anti-
biotics and vitamin A and their lesions had begun to resolve. and two cases
with active measles had stromal lesions atvpical for pure xerophthalmia.
Eleven children with active corneal discase of clearly other etiologies were
excluded from the study.

All children were offered 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/meighborhood-matched con-
trols who were encouraged to return to Cicendo. Sixty such controls were
recruited, nine of which proved, on careful 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 (for the parameter in question) was used for each paired
comparison: for measurement data (e.g. serum carotene) the mean (@) was
employed; for attribute data (rates) fractional rates of positivity were cal-
culated. The severity of corneal disease among the 33 abnormals for whom
there were matched controls was similar to that of all 162 abnormals in the
Study (Table 1-2).

Table 1-2. Severity of corneal discase among all almormals
(X2X3) and those with matched controls (Study 1)

Percent distrinution

All abnormals Abnormals with matched controls
Category (n=162) (n=33)
1 14.8 15.2
2 14.8 15.2
3 3.1 3.0
4 27.8 33.3
5 3.1 0.0
6 21.0 12.1
7 8.0 18.2
8 74 3.0
1-3 32.7 33.3
4-5 30.9 33.3
6-8 36.4 33.3

From Sommer et al. (259)].
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Table 1-3. Therapeutic response of cases of
conjunctival xerosis (Study III)

Outcome Number Total
Responded within 2 months? 50
Cured 36
Improved 14
Unresponsive within 3 months 9
indeterminate response 24
Inadequate early follow-up 18
Miscellaneous 6
Total cases examined 83

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

From Sommer et al. [101].

Study HI involved 83 consecntive 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 1U) dose
apsule, 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 dese of 200,000 1U vitamin A (Table
1-3). Nine cases failed to respond in the slightest for at least three months
after receiving two, and oceasionally a third massive dose (“unresponsive”).
In 24 patients the response was difficult to determine: 18 had inadequate
early follow-up; 4 fow-dose recipients improved spontaneously (presumably
on an improved diet); and in 2 patients the initiat lesions were minimal and
their diagnoses and response to therapy uncertain,

Study 1V: Countrywide surcey

Three teams carried out a xerophthalmia prevalence survey in the 23 prov-
inces representing over 96% of the Indonesian population (Fig. 1-4). The
rural sample was an aceurate representation of the rural population. The
urban sample was limited to shums, where the vast majority of urban cases
were thought to reside,

Procedures were similar to those employed in the other field investiga-
tions.
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Table 1-4. Age distribution of study population, Study 1V (40/41)

Males Females Total
Age _ —_— —_—

(years) n % n Y% n %

0 2905 15.7 2007 16.5 5812 16.1
1 2934 15.9 2842 16.2 5776 16.0
2 314 17.0 2852 16.2 5992 16.6
3 3l 16.8 2089 17.0 6099 16.¢
4 2835 15.3 2767 15.7 5602 15.5
5 3237 17.5 2029 15.6 6166 17.1
unkn.! 314 1.7 299 1.7 612 1.7
Total 18,475 99,9 17,585 99.9 36,060 99.9

L. Under 6 years but 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-
ple sites (Table 1-4).

358 children had Bitot’s spots. The number 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 almost certainly represented
healed xerophthalmia (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
incividuals on whom the values were obviously in . rror (out of range).

Because of programming problems, dietary data (aside from breast feed-
ing) are not available on the matched controls. Dietary intake of the abnor-
mals is thercfore 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 matched controls the results differed little from those of
the larger group of randomly sampled children.

Analysis

Because of equipment failure and the necessity that all vitamin A analyses
be carried out within two weeks of collection of the sera, vitamin A deter-
minations are not available on Study I/ 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

Previons 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 opportunitv for iden-
dfving those factors responsible for the development of xerophthalmia in
some children, but not in other clildren 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--74).

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

a. An important risk factor may be so common in the community 2t 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 althcugh 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.

¢. 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) mav be more common among abnormals than controls
because PEM increases the risk of xerophthalmia; because children who
consume inadequate quantities of vitamin A-containing foods also consume
little of anything else; or because vitamin A deficiency is one of the factors
that contributes to PEM.
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2. Retinal involvement

Man’s knowledge . . . of the vast universe which appears in the heavens
cach night, comes in the first place from the stimulation, by their light
rays of delicately poised molecules of vitamin A.

T. Moore, 1957

The attention of the State Public Health Officials was first attracted by the
fact that a young woman . . . . while returning home at dusk. walked
straight into a well,

S. Rao ct al., 1953

Nightblindness (XN) and fundus 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 distinet
and separate entities of only marginal significance [47], they both arise in
the retina and probably reflect different degrees of impaired visual pigment
metabolism, and they are as sensitive and specific indicators of vitamin A
deficieney as are the clinical signs of the anterior segment (conjunctiva
and cornea).

Nightblindness (XN)

The influence of natrition on scotopic vision has long been recognized.
Physicians of ancient Egypt and Greece were familiar with nightblindness.
By the end of the 19th century it was appreciated that nightblindness oc-
curred primarily in the poorer strata of society, especially during periods
of dictary deprivation [6,75-77]; was exacerbated by photic stress [78,79);
and could be cured by ingestion of liver or liver oils [6,19,80]. In fact, it
was throngh their association with nightblindness  that xerophthalmic
changes of the onter eve were first appreciated [6.7,19,79]. Thus the symp-
tom, and its cure, were recognized before vitamin A was discovered and
the nature of the biochemical processes understood.

Fridericia’s observations, [81] chat vitamin A was required for regenera-
tion of visual purple (rhodopsin) explained both the nutritional nature of
nightblindness and its exacerbation by photic stress. Subsequent studies,
primarily by Wald and co-workers. clucidated the visual eyele [82]. Vita-
min A combines with specifie proteins, called opsins, to form the photosen-
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sitive visual pigments of rods and cones [49]. In vitamin A deficieney rho-
dopsin levels decline, rod thresholds rise. and nightblindness ensues [83).

Despite the tremendous avidity of the retina [84], particularly its pig-
ment epithelium, [85-87] for retinol, impaired dark adaptation appears to
be the carliest clinical sign of vitauin A deficieney. In both vitamin A de-
prived ras [83.88] and human volunteers [89-91], clevated rod thresholds
and nightolindness precede other oculr manifestations of deficiency. Im-
paired dark adaptation has proven useful in diagnosing subclinical vitamin
A deficieney among older children and adults suffering from a variety of
malabsorptive states [92-96]. Even frank, often severe, nighthlindoess dur-
ing the second and third trimesters of pregnancey [97-99] characteristically
ocaurs in the absence of other stigmata of vitamin A deficieney.

It is likely that impaired dark adaptation occurs equally carly in young
children. Rather than being unreliable, secondary evidence of vitamin A
deficieney [178], an appropriately elicited history of nightblindness can be
highly specific for active disease.*

As befitting an cnlier sign, twice as many children examined during the
first round of Study 1 had a history of nightblindness as had conjunctival
serosis (Table 2-1) [H0]. Mcean serum vitamin A levels among cases of
isolated nightblindness, isolated conjunctival xerosis, and the two com-
bined were significantly Tower than among age/sexmeighborhood-matched
controls (Table 2-2). Yet the mean serum vitamin A level, ana proportion
of individuals with “adequate”™ [47] levels was only slightly higher among
*Thix conelusion is reflected in the 1951 revision of the WHO prevale, ¢ criteria (Appendix

Ih.

Table 2-1. Nightblinduess and Bitot's spots as independent sereening eriteria
for serophthalmia (Study b

Mean Serum

Clinical vitamin A Proportion total
status ! n (py/dh? SE ases identified
XN 273 13.4 0.35 K4
XIB 132 12.6 0.46 H14
XN

and/or

XiB 325 13.4 0.31 1000

1 XN includes cases with and without conjunctival serosis (NTA) Bitot's spots, or XIB. XIB includes cases

with and without nightblindness (XN
2. Sennm vitamin A values were unavailable on 3 of 273 cases of nighthlindness (XN), 2 of 132 cises of
conjunictival serosis with Bitot's spots (X1, and f of 325 caves with cither.

From Sommer ot al. [100].
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Table 2-2. Serum vitamin A level by clinical status (Study I)

Percent of individuals

Low
Climel Mean SE Deficient (10-19 Adequate
statug ! n (gdh)  (ugdl (0-9 pg/dl ug/d, (=220 pg/dl)
XN(+), XIB(-) 174 13.9 0.45 27 55 18
Controls 161 17.6 0.62
XN(=), X1B(+) 51 13.4 0.77 31 37 12
Contraols 45 17.1 1.19
XN(+), X1IB(+) 79 12.1 0.56 3 33 9
Controls 76 18.3 1.00
Random sample 268 20.0 0.48 9 38 33

1. XN =nightblindness; X1B = conjunctival xerosis with Bitot's spots; XN (+), XIB (+)=XN, and XIB
coexistent in the same child.
Mean serum vitamin A and proportion of cases with “adequate” levels higher in less severe lesion: XN
(+), XIB (=)>XN (=), XIB (+)>XN (+), X1B (+), p <.05 by linear trend.
Difference in mean serum vitamin A between each gioup of abnormals and their matched controls,
p<.001
Difference in collective mean serum vitamin A of controls and randomn sample, p <.001,

From Sommer et al. [100].

cases with an isolated hisiory 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 ug/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 pg/dl [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 ug/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 after 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 xcrosis 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 111 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

BY HISTORY BY EXAMINATION
100 r
n=33

NIGHT BLINDNESS (%)

CURED IMPROVED NONE CURED IMPROVED NONE
ULTIMATE RESPONSE OF CONJUNTIVAL XEROSIS
Fig. 2-1. Nightblindness was more frequent among individuals whose conjunctival
xerosis disappeared or improved following vitamin A therapy than among those who
failed to respond to treatment (disappeared: nonresponsive, and improved: nonre-

sponsive, each p<.001 by history and examination.) Study 111, (Drawn from Som-
mer et al. [101])

cent of those with responsive lesions claimed to be nightblind (Fig. 2-1),
anextraordinary proportion considering the severity of impairment re-
quired before patients are usually aware of the problem [90,91,102). This
rate is considerably higher than among cases of conjunctival xerosis in
Study 1 (61%), probably because those aware of their nightblindness are
more likely to seek help than those who are not [79].

Excluding two cases of retinitis pigmentosa and one of Best's disease, 21
individuals presented to Study 11 with an isolated history of nightblind-
ness. Surprisingly, only 12 (57%) had a positive test, suggesting that the
method by which scoptopic vision was assessed in the clinic was far less
sensitive than that in the ficld. Nonctheless, 67-78% of patients with-
vitamin-A-resporsive conjunctival xerosis enrolled in Study 111 had a posi-
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tive test (Fig. 2-1). This suggests that they suffered more severe impair-
ment  of scotopic vision  than  those  with an  isolated history of
nightblindness. As in Study 1, the history 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 much tele-
vision,” an interesting commentary on the disassociation possible between
cconomic advancement and cultural determinants of vitamin A deficiencey.
Cases of corneal involvement (Study H) provided a strikingly similar pic-
ture. Data on nightblindness were available on 147 (919%) of the cases, most
of the others heing too younyr for parents to have noticed interference with
scotopic vision. Fifty-seven percent (83/147) were said to be nightblind. The
rate was higher among those without stromal discase (75% vs 47% of those
with the disease, p<.01) (Table 2-3). But there was no difterence in the
proportion of cases in which nightblindness had heen noted for at least
three weeks prior to presentation, suggesting that blepharospasm, conimon
and severe in stromal cases, obscured nightblindness of more recent onset.
This is probably one reason why a history of nightblindness was less com-
mon among cases of corneal discase (Study 1H than among cases of purely
conjunctival involvement (Study HI (37% vs 89%, p <.00D. Additionally,
corneal cases tend to he younger, hence the consequences of impaired sco-
topic vision are less apparent; if parents fail to recognize nightblindness,

Table 2-3. History of nightblindness among cases of active corneal
xerophthalimia (Study 1)?

History positive

Cormeal History —
severity v ilable = 3 weeks Total (2 1 day)
(categeny in) (1) (G?
Xerosis 51 3 Th8
(-3
Local nleer/ s 39 45
HECrosis
46
Complete 15 44 36
NeCrosis
(7-8)

Total 147 36 57

1. See Chapter 4 for definitions.

2. Positive r.e weroses sategories 130 v wleer/meerosis eategories 4-6), p - .01

3. Includ s 2 cases, where duration of nightblindness uncertain, excluded from aumerator
and denominator in caleulating proportion positi -+ at 23 weeks,
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their children may become sufficiently depleted to develop corneal disease;
and in many instances, systemic discases cause a precipitous deterioration
in vitamin A status and onset of corneal involvement, probably carlier in
the course of deficiency than ordinarily oceurs in uncomplicated, gradual
depletion. Clinical assessment of dark adapiation was not possible in most
ases of active corneal disease.

Impaired dark adaptation and nightblindness 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 nest 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 that xerophthalmic eyes oceasionally
contained fundus abnormalities [79,106-108]. In 1922 Wright [109] de-
scribed these as a fine, white mottling, resembling, to some degree, reti-
nitis punctata albescens. In 1928 Uyemura [110] reported the first of his
cases in which the changes disappeared following vitamin A therapy [111].

On ophthalmoscopy the retinal lesions appear to be small, discrete,
vellowish-white dots deep to the vessels and distributed about the
equatorial region and periphery of both eyes [110-114] (Plate 1). Although
they occasionally approach the dise [104,113], the lesions remain outside
the temporal vascular arcades. On close examination they have an irregular
appearance suggesting mottled depigmentation at the level of the pigment
epithelium, an impression supported by fluorescein angiography [104].

The more numerous the lesions the brighter and more distinet their ap-
pearance and the more posterior their extent—changes related, at least in
part, to the chronicity and severity of vitamin A deficiency. In the case of
sel-imposed dietary deprivation followed by Fells and Bors [115), the le-
sions hecame more numerous over time. The prevalence of fundus changes
is more common among cases of corneal xerosis (Study 11) than among cases
of vitamin-A-responsive conjunctival xerosis (Study 11); in both cases prev-
alence increases with age (Fig, 2-2). Teng's [116] results were similar: le-
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 fade or disappear within one to three
months of vitamin A therapy (Plate 2) [104,110,111,1 13,114,116]. They can
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100~ CONJUNCTIVAL XEROSIS CORNEAL XEROSIS
(X1) [ (X2)

90 -
80 B
70 = n:3
60 -
50 |-
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30

RET!NOPATHY (XF) PRESENT (%)

AGE (years)

Fig. 2-2. Xerophthalmic retinopathy was more prevalent among cases of corneal
xerosis than among cases with purely vitamin A responsive conjunctival xerosis. It
was also more prevalent in those four years and older than in younger children (for
conjunctival xerosis, p <.01; for corneal xerosis, .1>p >.05). Fine, peripheral le-
sions of questionable significance were present in three additional children with
conjunctival xerosis (ages 2, 3, and 4 years) and one with corneal xerusis. Studies
TI/111.

also recur, probably with greater alacrity than the initial episode. A 24-
year-old otherwise 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, following corneal clearing)
were severely constricted in a butterfly distribution that mirrored the
shape of lesion-free 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 faint window defects were still visible on fAuorescein 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 woman five days after receiving vitamin A for corneal xerosis.
The comeas were already clear, and vision 20/40, at the time these were per-
formed. Bottom: Nine days later visual fields were normal. (From Sommer et al,

(104])

retinopathy as florid as at the initial examination had developed in hoth
eyes. Since she could not have been vitamin A deficient for 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 epitlie-
lium (RPE) [104]. In vitamin-A-deprived animals, impairment of dark ad-
aptation is followed by decreased production 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
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the distal portions of their outersegments [83,118-122]; and alterations and
loss of pigment epithelium [83,121]. The latter appears to be related to the
inanition and generalized interference in cellular metabolism that accom-
panies severe vitamin A deficiency, rather than to specific interference in
visual pigment synthesis [103]. Although there is a pancity of correlative
histopathologic studies [123], one monkey that developed typical retinal
lesions was found to have degenerated rods, cones, and RPE [121]. In
traumatic retinopathy, which may have a similar clinical and angiographic
appearance [124], retinal whitening (comotio) in owl monkey eyes was re-
lated to disruption of outersegments of rods and cones and their phagocey-
tosis by cells originating in the RPE. Finally, functional defects and clinical
recovery in man closely parailel the reparative process in experimental an-
imals.

Degeneration of a farge proportion of rods and cones should decrease
visual thresholds in the aflected area, causing alterations in the visual
fields. Although Uvemura [110], Fuchs [112], and Teng [113] all reported
normal visual fields in their patients, vitamin-A-responsive constriction has
heen noted in deficient subjects {79,125 incleding two carefully studied
cases with fundus lesions [104.115]. In one [104]. the defeet was absolute
and congruent with the arca of retinal lesions. Recovery oceurred in three
stages: nightblindness disappeared within four days, presumably because
vitamin A was now available to regencerate rhodopsin in outersegments
Iving outside the arca of structural damage; visual fields returned to normal
between days 7 and 14, probably as still-viable rods and cones in the af-
fected arca produced sufficient opsin (and outersegment) to support func-
tion: and retinal lesions disappeared within one to three months as the
histologic alterations were reversed, A similar time course has been dem-
onstrated for functional and histologic recovery in vitwnin A deficient rats
[83.103.120].



3. Conjunctival involvement

(These spots) became a pathognomonic sign of nightblindness to me as
none of the hemerolopia patients was without them.
C. Bitot, 1863

Taking all the available evidence into consideration it scems highly un-
likely that a primary vitamin A deficieney gives rise to Bitot's spots.
F.C. Rodgers, 1963

None of the clinical signs of xerophthalmia has clicited as much controversy
and confusion as those of the conjinctiva. In large part this reflects three
separate influences: historical accident; the desire to identify carlier, sub-
tler evidence of disease; and the inconvenient fact that some of these
changes are encountered in the abserce of active vitamin A deficiency.

Partiully through convenience and partially by accident, “Bitot's spot”
acquired an identity all its own. By the carly 1800’s, conjunctival xerosis
had already been described among patients with severe liver discase [4],
though these observations were not widely known or accepted until Bass
[126] published his treatise on “Ophthalmia Hepatica” many years later. A
similar fate befell Hubbenet. In 1860 [6] he described progressive epithe-
lial dryness and scaling of the coniunctiva and cornea in ill-fed nightblind
soldiers that responded to ingestion of beef liver. Instead of receiving ac-
knowledgment as the landmark observation it was, his report was largely
overlooked by his contemporarices.

In 1863, Bitot (7] described localized silvery-white foamy conjunctival
lesions in nightblind but otherwise healthy children, and three years later
von Graefe [9] reported conjunctival xerosis and corneal destruction in chil-
dren suffering from encephalitis. Von Graefe's failure to recognize the con-
nection between Bitot's “hemerolopic spot” and his own cases was cred-
ited, as long ago as 1883 [12], 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 that his spots invariably preceded or accompanied night-
blindness, and that nightblindness never occurred in their absence. Having
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witnessed cases of nightblindness that lacked foamy spots (from the same
epidemic observed by Bitot), Netter [127] disagreed, concluding the two
had nothing to do with one another. Subsequent  observations
(8,17,18,20,76,106, 128130} largely confirmed that the two conditions fre-
quently 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 elinical
or biochemical evidence of vitamin A deficiency, and failed to respond to
its administration [35,41,45,105,131-143]. Subjects enrolled in human de-
pletion studies have failed to develop Bitot's spots [89-91,144], and pa-
tients with classical corneal involvement are sometimes free of typical
foamy lesions [115,136,145-150]. Therefore, 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 recom-
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 histopathologic changes

Because serum vitamin A levels in subjects with and without mild xeroph-
thalmia overlap, the most conclusive evidence for a relationship hetween a
particular lesion and dlinically significant vitamin A deficiency is its re-
sponse to therapy. As already discussed (Chap. 1) [101], typical Bitot's
spots or conjunctival xerosis in 50 patients responded to vitamin A therapy
and in 9 did not. Those that responded did so reasonably rapidly (Table 3-
1) [152]. Serum vitamin A levels (Table 3-2) confirm that those with re-
sporsive lesions were more likely vitamin A deficient.

The clinical appearance of responsive and nonresponsive lesions was
identical. The mildest lesions consisted of small patches of xerosis easily
recognized by the irregular, granular, nonwettable appearance of their sur-
face on oblique illumination (Plate 3). Such lesions were sometimes pin-
point in size. If tearing was copious, a deep lacrimal lake often covered,
thereby obscuring, the irregular surface. 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 improvement in responsive cases of
conjunctival xerosis (Study 111

Duration

since Cases Cases improved

therapy (days) examined ! n G
1-4 20 11 33
5-7 23 24 100
8--14 4 4 100
15-21 3 3 100
22-31 3 2 7
32-62 2 2 100

1. Excludes cases already improved at an carlier examination.

From Somr.er et al. [101].

Table 3-2. Initial servm vitamin A levels among responsive and
unresponsive cases ot conjunctival xerosis (Study 111)

I I e
Cured Improved Unresponsive
Number of subjects 22 9 4
Mean Vit A 13.5 10.1 29.5
(pgdl)
SE 1.47 2.10 117

1. Fplus I ws I, p<.001

From Sommer et al. {101].

[46]. Slit-lamp examination revealed small epithelial “bubbles.” Some
larger (focal) lesions had a similar appearance (Plate 4), while others, likely
the equivalent of “acute”™ and “chronic” spots of Nicholls and Nimalasuriya
[153] and “pearly” and “mucoid” spots of Rodger et al. [137] 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 typically xerotic hase below,

Histopathologic studies [154] confirm these clinical observations. Nine
responsive and eight nonresponsive lesions were biopsied (Table 3-3). All
showed evidence of typical keratinizing squamous metaplasia (Fig. 3-1 to
3-3): a thickened, superficial layer of flattened cells almost always contain-
ing a keratinized surface; a prominent granular cell layer; acanthotic thick-
ening accompanied by an irregular maturational sequence with mild-to-
moderate disorganization of the basal layer and enlarged cells and nuclei
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Fig. 3-1, Top left: By light microscopy, pretreatment temporal biopsy (right eve)
has a prominently keratinized surface (Dane’s, x 528). Top right: Phase-contrast
microscopy of same area resolves surface keratinization, keratohyaline granules,
acanthosis, und dyskeratosis (paraphenylenediamine, x 480). Bottom left: Biopsy of
temporal conjunctiva {eft eve) seven days following vitamin A therapy appears nor-
mal by light microscopy (hematoxvlin-cosin, x 528). Middle right: Phase contrast
photomicrograph of same arca shows deerease in epithelial thickness (cf. top right;
paraphenylencdiamine, x 480). Bottom right: TEM (transmission electron micros-
copy) of same area illustrates partial return of surface membrane infoldings and
microvillae (3 10,7001, Study 11, (From Sommer et al. [154))
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Fig. 3-2. A 13-year-old female with nonresponsive foamy Bitot's spots. Top left:
Light microscopy of temporal conjunctival biopsy (right eve) exhibits abrupt tran-
sition {wrrowhead) between the abnormal, heavily keratinized surface (right) and
more normal adjacent conjunctiva (Ieft), (Dane's, X 495). Top right: Another section
from the same specimen similarly demonstrates by light microscopy the abrupt
transition between normal epithelium (left) and abnormal epithelium (right) with
keratin, granular cell layer, and irregular maturational sequence (PAS, x 495). Bot-
tom inset: Phase contrast photomicrograph of inferonasal conjunctiva illustrates
chronic inflammatory infiltrate of the stroma, predominantly composed of plasma
cells (cireled) (paraphenylenediamine, x 450). Bottom: TEM of area cireled in insot
reveals clustered plasma cells having typical nuclear and eytoplasmic features
(X 5700). Study HI. (From Sonuner et al. [154))
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fig. 3-3. A 20-year-old male with prominent “cheesy” Bitot's spots that were non-
esponsive to vitamin A therapy. Top left: Temporal conjunctiva (left eye) by light
ricroscopy shows enormous plague of material overlying the keratinized surface
Dane's, x 70). Top right: By phase contrast microscopy, extensive surface kera-
inization, keratohyvaline granule formation, and acanthosis are seen in the same
pecimen (paraphenylenediamine, x 412). Middle: TEM of this biopsy specimen
onfirms presence of extensively keratinized superficial cells containing large kera-
ohyaline granules (x 7425). Bottom left: Low-magnification SEM (scanning ¢lec-
ron microscopy) of adherent keratinized debris in this specimen shows multiple
aminations of devitalized cellular remnants (x 1100). Bottom right: At higher
nagnification, SEM resolves amorphous cellular material and coarse fibrillary sub-
tance (X 35001, Study I (From Sommer et al. [134])
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Table 3-3. Histcpathology?! of conjunctival hiopsies

Subepithelial  Organization Prominence
Clinical Granular Surface Goblet  inflammatory of basul Epithelial Cell of

Case/Eye lesion2 Keratin? layer bacteria? cells infiltrate laver thickness3 size nucleoli
Pretreatment responsive cases and controls
Temporal
1 B 2 1.5 0 0 0 2.5 34 1 1
2 B 2 3 1.5 0 0 3 24 0.5 0.5
3 A 3 1.5 0 0 0 3 23 0.5 0.5
4 B 0 0 0 0 0.5 2.5 15 0.5 Q.5
3 B 2 3 0 0 1 4 18 0 0
6 B 3 3 3.5 0 0.5 3.5 25 0.5 0.5
7 B 2 3 1.5 0 0 4 33 0.5 0.5
8 B 2 3 1.5 0 0 3 25 1.5 1.5
g4 +/- 0 0 0 0 0 4 25 0 0
104 0 0 0 0 0 0 4 16 0 0
Nasal

3 B 3 3 0 0 1 4 24 0 0

94 0 0 0 0 0 4 12 0 0



N

Unresponsive cases

Temporal

13/13% B 4 2 4 0 1.5 3 20 0 0
14/14 B 1 2 1.5 0 0 3.5 22 0.5 0.5
1¥15 B 2 0.5 1.5 0 0.5 3 10 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
Nasal

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

1.

U W

Scoring: keratinization, graded 0-4: number of granular cell layers; intrakeratin bacteria. graded 0-4; number of goblet cells per high-power feld: inflammatory
infiltrate in substantia propria, graded 0-+4: organization of basal layer (normal = 4; complete disorganization = 1); thickness of epithelium from base of basa] laver, in
reticule units; increased size of cells, graded 0-2; increased prominence of nucleoli, graded 0-2.

- "A” denotes pure conjunctival xerosis (X1A): “B” denotes “foamy” Bitot's spots; “C” denotes “cheesy™ Bitot’s spot. “+/="" denotes a few tiny isolated epithelial

“bubbles.”

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

base of the basal laver.

From Sommer et al. [154)].
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with prominent nucleoli; complete absence of goblet cells; and in some,
mild, chronic inflammatory cell infiltration of the substantia propria. The
surface was frequently covered by a fraved mass of keratin intermixed
with gram-positive bacilli, other bacteria, and even fungi. In “cheesy”
lesions, this debris sometimes reached mammoth proportions (Fig. 3-3).
Nonresponsive lesions had a greater propensity for surface bacteria and
chronic inflammatory infiltration, and responsive lesions for enlarged
cells and prominent aucleoli (Table 3-4). Similar changes have been
reported in typical lesions that were [12,104,130,155-159] and were not
[131,132,140,142] associated with active vitamin A deficieney. Since kera-
tinizing metaplasia (and resulting “xerosis”) is intrinsic to both responsive
and nonresponsive lesions, there seems to be little point in attempting to
distinguish between them on this basis.

What sets the two conditions apart is the extent and location of con-
junctival involvement. In cases with and without active vitamin A defi-
ciency, the lesions almost always involve the temporal quadrant of
both eves [7,19,96,109,130,139,140,143,153,160,161] (Table 3-5). In no
instance in our series did an involved eve lack temporal involvement.
In contrast, nasal involvement is far 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 never more prominent, than their temporal
counterparts [7,19,35,101,109,130, 142] (Table 3-7).

Table 3-4. Mean histopathologic alterations in conjunctival biopsies of
responsive and nonresponsive temporal lesions

Responsive Nonresponsive
n=28) m="7)

Mean! SE Meant SE
Keratinization 2.0 0.33 2.4 0.46
Granular layer 2.3 0.40 2.3 0.34
Surface hacteria 2 1.0 0.4 2.6 0.51
Subepithelial inflammatory infiltrate? 0.3 0.13 1.1 0.28
Organization of basal layver 3.2 0.2] 3.1 0.07
Cell size? 0.6 0.16 0.2 0.10
Prominence of nucleoli? 0.€ 0.16 0.2 0.10

1. Rounded to nearest tenth,
2. Difference statistically significant at p <05,

From Sommer et al. [154).
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Table 3-5. Binocularity of conjunctival xerosis (X1) (Study I11)

Clinical outcome

Cured Improved Unresponsive
Cases of conjunctival xerosis?
number 36 14 9
Cases with binocular involvement
number 31 12 7
pereent 94 86 78

1. In every affected eve the temporal quadrant was clinically involved.

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

1 H i
Cured Improved Unresponsive
Total eyes (number) 70 26 16
Eves with nasal lesions
number 46 15 1
pereent 66 58 6

1. Responsive vs unresponsive eves, p <.001.

From Sommer et al. (101].

Table 3-7. Symmetry of temporal and nasal lesions in eyes with re-
sponsive conjunctival xerosis (Study 111)

Temporal lesion

Nusal

lesion None XI1A X1B(F) XI1B(C) Total
None 4 7 28 1 40
X1A 4 13 17
XIB (F)? 40 40
XIB (C)? 3 3

1. X1B (F) is foamy Bitot's spot; X1B (C) is cheesy Bitot's spot. p<.001 by chi-square distri-
bution.

From Sommer et al, [101]

More extensive changes were observed in three cases, all with respon-
sive disease. In two the 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 after receiving low-dose therapy
this case developed frank corneal xerosis (X2) bilaterally and a small par-
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axial uleer (X3A) in the right eve, 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 deficieney. Although
useful when present, such estratemporal (primarily nasal) involvement was
absent in over one-third of our responsive cases.

Differences in the distribution of responsive and nonvesponsive involye-
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 bulbar conjunctiva. Even the epithelium of the in-
feronasal quadrant, ordinarily packed with mucus-producing goblet cells
[162] and disease-free on divical examination was abnormal, especially
when contrasted with its appearance in biopsies from nonresponsive and
posttreatment responsive eyes (Fig, 3-4) (Table 3-8; 3-9). These findings
are consistent with the systemic nature of the deficieney, the importance
of vitamin A for maintenance of mucus-secreting epithelium [163], and the
multiorgan squamous metaplasia that occurs in animals [164-166] and man
[12,40,155,167] in its absence, They also explain Rodger’s (originally puz-
zling) report [140] that conjunctiva from the upper fornix of cases of non-
responsive Bitot's spots contained numerous goblet cells,

As already noted, conjumetival xerosis responds rapidly to vitamin A
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 four days of administration of cod liver oil, and
disappear within ten. Similar results have been reported by others
[18,142,156,168]. With healing, the lesions shrink and lose their covering
debris. Before disappearing entirely they appear as small xerotie patches
or tiny epithelial blisters located 1-2 mm from the limbus.

Healing usually progresses symmetrically in the two eves, nasal lesions
tending to disappear hefore temporal ones [101, 156]. Among 6 of the 23
“enred” patients in whom both sites were involved, the two cleared at
different times [101]. 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
followed for more than two months, the nasal lesions disappeared in all,
usually within one to two weeks, while the temporal lesions persisted (al-
beit in much reduced form). Five of these cases were followed even longer.
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Fig. 3-4. A 13-vear-old female with nearesponsive foamy Bitot's spots. Inset: In-
feronasal conjunctiva (left eyve) by light microscopy appears normal with respect
to absence of surface keratinization and presence of numerous goblet eells (hema-
toxvlin-cosin, < 343). Main figure: TEM of area illustrated in inset discloses epithelial
cells having usual surface membrane projections and devoid of keratohyaline ma-

terial. The three goblet cells shown are similarly unremarkable, having seeretory
granules of various clectron density and reticulation (x 6270). Study 1. (From
Sommer et al. [154))

In three, tiny temporal Bitot's spots persisted for at least three to five
months. In the two remaining cases the persistent temporal lesions were
composed of two to three tiny blisters. In one they resolved at {ive months.
In the other, perhaps the most instructive of the series, the originally siz-
able spots shrank by day 20 to two tiny temporal bubbles; at both one and
two months they had grown .to small, classical Bitot's spots; at four
months both eyes were clear of all abnormalities; but by six months the



Table 3-8. Histopathology? of inferonasal conjunctival biopsies

Case Subepithelial Organization Prominence
and Clinical CGranular Surface Goblet inflammatory of basal Epithelial Cell of
ceve lesion® Keratin3 layer bacteria cells infiltrate layver thickness size nucleoli

Pretreatment responsive cases and control

2 0 0.5 0 0 0 0 ) 15 0 0
3 0 0.5 0 0 0 0 3 17 0.5 0.5
b} 0 0 0 0 0 0 4 24 0 0
6 0 0.5 0 0 0 0.5 3 13 0.5 0.5
N B 2 2.5 1.5 0 1.5 4 25 0.5 0.5
s 0 0 0 0 0 1 3.5 23 0.5 0.5
104 0 0 0 0 15/5 0 4 13 0 0
Nonresponsive cases
13/13 0 0 0 0 16/5 0 4 20 0 0
14/14 0 0 0 0 15/5 0 4 15 0 0
1415 0 0 0 0 4/4 0 4 2 0 0
15/16 B 0 0 0 2217 0 4 26 0 0
15317 0 0 0 0 7/3 0.5 4 21 0 0
17/20 0 0 0 0 20/5 0.5 4 18 0 0

1. Scoring: see Table 3-3.

2. "B” denotes “foamy” Bitot's spot.

3. Case 8 lacked keratin but had a thickened Layer of flattened cells at the surface.
4. Caseleye 10 from nanxerophthalmic subject with retinitis pigmentosa.

From Sommer et al, {134].



Table 3-9. Histopathology! of conjunctival biopsies from post-treatment responsive cases

Case Interval Subepithelial ~ Organization Prominence
and Clinical since Granular ~ Surfuce  Goblet  inflammatory of hasal Epithelial  Cell of
eve? lesion® therapy Keratin laver bacteria  cells infiltrate laver thickness  size nucleoli
Temporal
1 B/A 7 days [} (V] 0 0 0 (3.5 29 1).5) 0.5
3 Af+/~ 7 days (] (0 0 0 0 3.0 (18) 0.5 0.5
4 B/O 7 days 0.5 0.5 0 0 (4} [C}] 17 0) (V]
B/O 2 months O 0 0 {3/3) o )] 23 (W)} (0
B/O 4 months {0} 0 0 0 o ()] 17 (V)] (]
B/+/- 14 davs 0 (0 (0) 0 )] 3.5 (1D (0) {0l
11 B/O I month 0 0 0 0 0 4 16 0 0
12 B/O 3 months 0 0 0 0 0.5 4 15 0 0
Inferonasal
3 0/0 7 days 0.5 0 0 0 0 3.5 13 0.5 0.5
4 00 2 months 0 0 0 2/5 0 4 16 0 0
6 0/0 14 days (0 0 0 D 0 (&) 14 (0) (0
11 0/0 1 month 0 0 0 0 0 4 13 0 0
12 0/0 3 months 0 0 0 3577 1.5 4 16 0 0

1. See Table 3-3 for scoring. Parentheses, () indicate improvement over pretreatment biopsy, where available.

2. All post-treatment hiopsies are from the opposite eve biopsied pretreatment.

3. Pretreatment appearance of lesion/appearance at time of post-treatment biopsy. “A™ denotes conjunctival xerosis (X1A); "B” denotes “foamy” Bitot’s spot; “+/-"
denotes a few tiny isolated epithelial “hubbles”.

From Sommer ¢t al. [134].
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Table 3-10. Speed with which conjunctival xerosis
disappeared in cured cases (Study 11D

Cases cured?

Duration since Cases S
therapy (days) examined?! n %
1-4 16 0 0
5-7 21 14 67
5-14 9 6 67
15-21 4 3 )
22-31 9 5 89
32-62 5 5 100

L. Excludes cases in which the lesions disappeared at an carlier examination.

temporal bubbles had reappeared, despite serum vitamin A levels remain-
ing at their posttreatment high (>25 pg/dl).

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

Associated factors

In addition to the distribution and extent of conjunctival involvement, pa-
tients with active vitamin A responsive lesions can be distinguished by a
number of associated factors. One of the most useful is age,

Age. The age distributions of responsive and nonresponsive cases were dis-
tinctly different (IFig. 3-5). the proportion of nonresponsive cases rising
from 3% among children less than six vears of age to 60% among those ten
vears and older (Fig. 3-6) (p < .001).

Study I confirms. under unbiased field conditions, the association be-
tween active vitamin A deficieney and Bitot's spots in voung children.
Serum vitamin A levels among children with Bitot's spots at the time of
the  first clinical  round  were significantly - below  those  of  their
agelsexmeighborhood-matched controls. and in 90% . less than 20 peddl (all
were below 30 wg/dl) [100] (refer to Table 2-2). Results of the therapeutic
trial initiated midway through the seventh round. almost two vears later,
are in good agreement. Children with characteristic conjunctival lesions
were randomly allocated to receive either a massive-dose (200,000 1U) or
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Fig. 3-5. Individuals whose conjunctival xerosis failed to respond to vitamin A were
considerably older than those who responded (p <.01). Study 1. (Drawn from
Sommer et al. [101])

low-dose (700 1U) vitamin A capsule, and were reexamined by the same
ophthalmologist. in double-masked fashion, two to three weeks later. The
lesions disappeared in almost 80% of high-dose recipients (Table 3-11).
The spontaneous cure rate among low-dose recipients was only 50%
(p<.05). The 80% “cure” rate over two to three weeks suggests a “re-
sponse” rate approaching 100%. It will be recalled that less than 72% of
proven responsive cases in Study HI lost their lesions over this same period
of time. In fact in two of the eight “noncured” high-dose recipients in
Study [ the lesions had originally been present nasally and temporally, and
in both cases the nasal lesions disappeared during the two to three-week
follow-up.

Results of Study I and Rounds 1 and 7-8 of Study 1 are remarkably
consistent, and suggest that at least 90-95% of preschool-age Indonesian
children with Bitot’s spots suffer from active, clinically significant vitamin
A deficiency. This supports suggestions that Bitot's spots are a useful index
of vitamin A deficiency in young childven [35,47,71,149]. Whether the
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Fig. 3-6. The proportion of cases of conjunctival xerosis refractory to vitamin A
therapy increased with age (p <.001 by linear trend). Study HI. (Drawn from Som-
mer et al. [101))

same is true in other countries largely depends on the prevalence of clini-
cally active vitamin A deficieney in this age group and their propensity for
developing typical nonresponsive lesions.

For example, nowresponsive lesions are reported to be particularly prev-
alent in certain parts of India, where they sometimes represent a substan-
tial proportion of Bitot's spots encountered, even among young children.
In a longitudinal study in West Bengal [141], the prevalence of Bitot's spots
among preschool-age children fluctuated between 8% and 20%, roughly
half representing nonresponsive lesions, Similarly, almost one-third of In-
dian children treated for conjunctival xerosis at a day-care center failed to
respond to massive vitamin A over a five-week follow-up period [169].

Individuals with responsive lesions would logically be expected to exhibit
other evidence of vitamin A deficieney, which indeed is the case.
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Table 3-11. Disappearance of conjunetival xerosis
following vitamin A therapy (Study I Rounds 7-

8)
Treatment
Diagnosis Vitamin A Placebo
XIB
Total (n) 37 32
Cured (n) 29 16
Cured (%) 78 50

Difference in cure rate between vitamin A and placebo recipients,
p<.05.

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 with 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 manifesta-
tion of inspaived dark adaptation.

Althoug} ome 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 nightbliadness cannot occur in somcone with a nonresponsive
lesion. But the serum vitamin A level available on one of the three was
reasonably normal (22 wg/dl).

The  prevalence  of  nighitblindness  among  cases  of  conjunctival
xerosis/Bitot's spots varies widely. At clinies, where nightblindness is often
the reason help was sought in the first place [79], it is likely to be very
high. Eighty percent of all patients in Study III (sce Fig. 2-1) claimed to
be nightblind.  Comparable rates have been reported from  England
[19,130], France [7,36). Russia [8], Japan [18], Africa [17C], Indonesia
[105], and clsewhere. But in field surveys, where the proportion of con-
junctival lesions associated with active vitamin A deficieney 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 deficient, only 61% had a positive history of nightblindness.

Punctate keratopathy. As will be discussed at greater length, fluorescein-
positive punctate keratopathy (Plate 11) is an early, mild manifestation of
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Table 3-12. Superficial punctate keratopathy in patients with
conjunctival xerosis (Study 11D

Classificatios - conjunctival xerosis !

SPK —
statuy Cured Improved Unresponsive
No. tested?® 27 12 8
No. positive?d 26 (96%) 10 (83%) 1 (13%)
Deunsity+
Mean 1.8 L9 1.0
SE 0.16 08 -
Areat
Mean 2.2 2.1 1.0
SE 0.25 0.41 -
1. Ultimate response following vitamin A therapy.

2. Number of cases.

3. Overall distribution P < .001; cured vs improved P <. 16; improved vs unresponsive
P <.01; and cured vs unresponsive P <001,

1. Density and arca is the average of both eves for each positive case, Density was
graded 1-3 (mild, moderate, severe) and area 1-4 (inferonasal quadrant, inferior
half, inferior three fourths, and entire corneal surdace),

From Sommer et al. [101].

vitamin A deficiency [I71]. It was present in 92% of responsive cases but
only 13% (one-cighth) of nonresponsive ones (Table 3-12). In the latter
instance it was mild and of limited extent.

Recognition of active cases

There is no foolproof method for identifving which cases of conjunctival
xerosis/Bitot's spots are associated with active, clinically significant vitamin
A deficieney, short of actually recording their response to therapy. The
most specific clues are involvement of more than just the temporal quad-
rant and the presence of other signs and symptoms of vitamin A deficiency:
nightblindness of recent onset and punctate keratopathy. Unfortunately,
the sensitivity of these clues is only 50-30%: a sizable proportion of active
cases lack dlinical (if not histologic) evidence of extratemporal xerosis;
nightblindness may he subelinical or otherwise overlooked; and identifving
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, even
among preschoolers, may vary from one community to another.

In summary, the presence of extratemporal involvement, nightblindness,
and punctate keratopathy all suggest active discase, especially in preschool-
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age children. But their absence is far less helphul: in many communities
cases of Bitot's spots without these signs are more likely than not to be
Vitamin A deficient.

The origin of nonresponsice spots

Available evidence suggests that a substantial proportion of nonresponsive
lesions are sequelae of past vitamin A deficiency [101,154]. Nonrespon-
sive  lesions  almost  invariably  occupy  the  temporal  quadvant
(101,139, 140,143,153}, This same area is the most suseeptible to the effects
of vitamin A deficieney. Although vitamin A deficieney induces keratinizing
metaplasia throughout the bulbar conjunctiva, clinically detectable involve-
ment is more frequent, more pronounced, and slower to heal temporally
than elsewhere. This may be related, at least in pait, to its exposed location
and relative freedom from lid abrasion. Appelmans [172] reported a Bitot's
spot in the 12 o'clock position deep to a coloboma of the upper lid; Me-
Laren reported a typical Bitot's spot in association with cctropion of the
lower lid; Metivier [139] reported two instances of unilateral (nonrespon-
sive) lesions, one inan eve of a child with complete, longstanding plosis in
the other eve, and one in an eye proptosed by an orbital osteoma. We
have observed severe, plaquelike xerosis on the surface of a protuberant
staphyloma (from keratomalacia) in a xerophthalmic child disappear follow-
ing svstemic vitamin A therapy.

Keratinizing metaplasia of the temporal quadrant induced by vitamin A
deficieney appears capable of escaping, for variable periods, from the nor-
mal affeets of vitamin A, In a number of cases [101], vitamin A therapy
results in prompt dinical and histopathologic disappearance of nasal le-
sions, but only a reduction in the size of temporal ones. These may then
wax and wane for months. It is as if the localized metaplasia has becone
self-perpetuating, analogous to carcinoma in situ. We have never witnessed
the return of nonresponsive lesions following surgical excision.

The observations of Sinha and Bang, [141] are of particular significance in
this regard. Twenty-five preschool-age childven with Bitot's spots were
given 200,000 U vitamin A orally every four months for one vear: in eight
the lesions promptly disappeared, never to return: in cight they initially
disappeared but returned during follow-up; and in nine they never disap-
peared. Only 0.5% (2/255) of children initially free of Bitot's spots and
placed on the same schedule developed spots during the second year, vs
9% placed on a placebo regimen. It appears that once keratinizing meta-
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plasia occurs, other factors, in addition to the availability of vitamin A,
determine their prominence. In Sinha and Bang's study administration of
vitamin A virtually eliminated the formation of new, “nonresponsive,”
“nonvitamin A deficieney-associated™ lesions.

The reason some temporal lesions become persistent while others do not
remains unknown, although the age of the individual and chronicity of vi-
tamin A deficiency probably play a role. 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 cosely approximated that of the nonrespon-
sive than cured cases. Our nonresponsive cases were also twice as likely to
claim a past xerophthalmic episode (2/9 vs 4/50) and to have had their le-
sions for at least two months (48% vs 19%). Accumulation of surface bac-
teria and presence of subepithelial inflammatory infiltration, which may be
chronic changes, were significantly more prominent and frequent in non-
responsive than responsive lesions [154] (see Table 3-4). A majority of non-
responsive patients examined by Sie-Boen-Lian [132] and Metivier [139)
chimed their lesions had first appeared in carly childhood suggesting they
were long standing.

Despite repeated suggestions that protein or other forms of malnutrition
may  be  responsible  for  nonresponsive lesions (77,135, 142,143,150,
151,173, this scems unlikely: protein-energy malnutrition is principally
a discase of yonng children, while nonresponsive spots commonly occur in
older individuals. Indeed, the general nutritional status of most of our re-
sponsive cases was quite good for Indonesian children [101]: only 4 of 50
had a weight for height below 80% of Western standards [174]; only two
had kwashiorkor; serum albumin was at least 3.5 g/dl in 70%, and below 3
gdl in only 4% angular stomatitis was rare. Befitting their older age, the
nutritional status of the nonresponsive cases was even hetter: only a single
preschooler had a weight for height below 90% of standard: and none had
ederna, a serum albumin below 3.5 g/dl, or angular stomatitis.

The conjunctiva in corneal disease
Severity of conjunctival incolvement
The severity and extent of conjunctival xerosis is related to the duration
and degree of vitamin A deficieney. Conjunctival changes are therefore
more pronounced in patients with active, uncomplicated corneal involve-
ment [6,18,20,155,517] (Table 3-13). In only 7% of eves of the 50 (non-
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Table 3-13. Clinical extent of conjunctival involvement (Studies I1111)

Extent of conjunctival xerosis
(percent of eyes)

Patient’s

clinical Number Temp.
classification’? of eves 0 Temp. *nasal =180°
X1+ 100 5 37 6)! 7
X2 106 4 9 40 47
X2/X3 167 8 12 35 45

1. X1 tncludes all eyes of 50 vitamin A responsive cases of conjunctival xerosis (Study {11).
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 nonuleerated eyes of cases of xerophthalmic ulceration/necrosis in
one eye (Study 11, grades 1-7).
* Difference in distribution between X1 and X2 (or X2/X3), p < .01

From A. Sommer [517].

corneal) responsive cases did xerosis involve 180° 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, and 45% of all nonulcerated eyes in cases
with corneal involvement in at least one eye [517]. The reason for exclud-
ing eves with comeal 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), forming fixed folds concentric with the
limbus. This was occasionally noted in large, isolated patches of temporal
xerosis (Plates 9,10), but was far more common when 180° or more of the
conjunctiva was involved. In the latter instance the conjunctiva often ac-
quired a frankly corrugated, skinlike appearance.

Apparent absence of conjunctical xerosis

On occasion, eyes with frank corneal involvement appear free of conjunc-
tival xcrosis (Plates 14,22,24,25) [175]. At least two mechanisms account
for this: conjunctival xerosis can be hidden or reversed by inflammation;
and when vitunin 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. Asymmetry of conjunctival injection and severity of coreal in-
volvement among patients with conjunctival xerosis in only one eve (Study 11)

Conjunctival injection ! Severity of unm-.ll losmn‘
Xerotic Nonxerotic Xerotic \()Il\('l()(l(
Case oye oye eyve eyve
1 Absent Present X2 \2
2 Present Present Staphyloma X3B
3 Absent Present X2 X2
4 Absent Present - X3A
5 Absent Present - X3A
6 Present Present X2 X3A
7 Absent Present X2 X3A
s Absent Present X2 X3A
9 Present Absent X3A -
10 Absent Present X2 \3B
11 Absent Present X2 X3B
12 Absent Present X2 3B
13 Present Present X3A X3B
14 Absent Present - X3B
15 Ahsent Present X2 \3B
16 Present Present X3A X3B
17 Absent Present - X3B
I8 Absent Present X2 X3B
19 Absent Present X2 X3B
20 Absent l’rcwnt X2 \3B

. Difference Ietween \ rotic and nome rotic eves, pp < .001.

From A. Sommer [517)].

flamed while the xerotic eve was not, the reverse being true in only a sin-
gle case (p <001, In 16 of the 17 cases with necrosis in at least one eye,
the necrosis was either less severe or absent in the serotic eve (p<.00D),
Whether inflammation actually reverses the serosis or merely masks its
preserce is unclear, as histopathologic material is unavailable, As already
noted for biopsies from the inferonasal quadrant of children with active
temporal Bitot’s spots, histologically abnormal conjunetiva may have a
normal clinical appearance.

In situations of rapid deterioration of vitamin A status, clinically detect-
able alterations in the cornea may precc(]c those in the conjunctiva. This
was well documented in our case No. 200/011.

Case 200011 A severely malnourished two-vear-old presented with estensive,

severe, bilateral conjunctival and corneal serosis and a unilateral uleer. All ocular
abnormalities disappeared within ten days of systemic vitamin A therapy. His
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Plate 1. Xcrophthalmic retinopathy in a 24-year-old otherwise well nourished In-
donesian women who presented with nightblindness, constricted visual fields (sec
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 1 have largely disappeared.

Plate 3. Localized area of dry, granular conjunctival xerosis temporally in a 3-year-
old Indonesian boy.

Plate 4. Tiny, localized arcas of foam or bubbles of conjunctival xerosis in a 4-vear-
old Indonesian boy.



Plate 5. Classical foamy Bitot’s spot in a 29-ycar-old Indonesian man that Targely
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 foamy in character; the inferior aspect is denser and cheesy in appearance. There
was no history of nu,htbhndlw.ss and the Bitot's spot failed to respond to vitamin A
therapy.

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

Plate 8. Thick, cheesy Bitot’s spot in a 4-vear-old boy from South India. The child
had been nightblind for two months,
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Plate 9. Thick, stiffened temporal conjunctiva in a d-vear-old Indonesian girl with
advanced conjunctival xerosis, Haziness of the inferior cornea represents mild cor-
neal xerosis.

Plate 10. Thickened, skinlike temporal conjunctiva in a l-year-old Indonesian hoy
with carly corneal xerosis. The eve had been stained with Rose Bengal,

12

Plate [1. Extensive punctate keratopathy in 10-month-old Indonesian boy. The cor-
nea appeared eryvstal clear to handlight examination; but fluorescein-staining pune-
tate epithelial lesions were appatent on examination with the slit-lamp biomicro-
scope. The cornea of the other eve was entirely necrotic (Plate 12),

Plate 12. Fellow cye of subjeet deseribed in Plate 11 The cornea was entirely
neerotic and bulging forward. Dark. pigmented iris is visible in areas where most
of the stroma had already sloughed.



Plate 13. Inferior corneal serosis in a severely malnourished 3-yvear-old Indonesian
boy. The keratinized surface is sharply demarcated. The cornea of the other eye
was entively necrotie (Plate 14).

Plate 14. Fellow eyve of case described in Plate 13. Except for the peripheral 1 mm
the cornea is entirely necrotic. most having already sloughed, resulting in a large
central descemetocele. The conjunctiva is moderately inflamed and without evident
XCTOSiS.

15

Plate 15. Heavily keratinized corneal surface in the eye of a 2-yvear-old Indonesian
gir] two days after initiation of therapy. A portion of the keratinized surface has
already pecled off inferiorly, forming a seroll below. The clear area is now devoid
of its keratinized layer. At the initial examination the identical area of the other
eve contained a typical uleer (Plate 16).

Plate 16. Fellow eyve of case described in Plate 15, A typical, sharp-margined oval

uleer is present inferiorly. The confimetiva is not inflamed, and contains extensive
xerosis most apparent in the inferior quadrant adjacent to the cornea,

D



Plate 17. Extensive conjunctival xerosis and heavily keratinized corneal surface in
a 3-year-old Indonesian boy. Sce text for fuller deseription (case 200/069).

Plate 18, Sume eve shown in Plate 17, two days following initiation of therapy. The
heavily keratinized corneal plague inferiorly has sloughed, leaving a small, round,
sharply demarcated superficial uleer in its place. Crevices of the surrounding ker-
atinized surface converge on the ulcer, most apparent above the inferior limbus.
Keratinized plaques are still present in the interpalpebral zone.

Plate 19. External appearance of one eye of the case already described in Plate 1.
Marked xerosis of both the conjunctiva and cornea are present.

Plate 26, Heavily keratinized corneal plaque in a 2-year-old Indonesian girl with
poor lid closure and severe malutrition. Conjunctival and corneal xerosis are ex-
tensive.



Plate 21. Right eye of a 3-year-old Indonesian girl, A classical punched-out, shallow
round ulcer was present anteriorly, with pigment (presumably adherent iris surface
left behind following dilitation) posteriorly, with normal appearing stroma in be-
tween. Two pinpoint uleers were present superiorly, The left eve is shown in Plate
22, See test for more detailed description (case 200/138).

Plate 22, Left eye of case described in Plate 21 A large, circumseribed area of
cornea is wmissing centrally, with iris bulging through the defect. The surrounding
cornea was hazy but viable, The conjunctiva was xerotic and not inflamed.

Plate 23. The left eve of a 4-year-old Indonesian boy. Corneal serosis is apparent
inferiorly. and a classically sharp, round, punched-out three-fourths depth ulcer
superonasally, The uleer reached Descemet’'s membrane.

Plate 24. A characteristically fluoreseein-staining oval, inferior corneal uleer in a
2-yewr-old Indonesian girl. A small hypopyon is present and the conjunctiva is
inflamed.
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Plate 25. A 19-month-old Indonesian boy. The right eve contained extensive con-
junctival xerosis and punctate keratopathy. The left eve, shown here one day fol-
lowing initiation of vitamin A therapy, contained three areas of surface 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, cevlindrical uleer, the only part that
stained with fluorescein. A second, larger depression with a centrally staining uleer
was present more temporally. The bases of the two uleers, originally clear, were
by now moderately opaque. A small hypopyon was present and the conjunctiva
was inflamed. See text for fuller deseription (case 200/160).

Plate 26. Sume cve shown in Plate 25, three days after presentation, stained with
fluorescein and observed through a blue filter. The superonasal area is less irregular
and the adjacent uleer has largely healed. But now the most temporal uleer has
enlarged, the entire area of depression being deeper and staining edge-to-edge.
The hypopyon has increased.

27 28

Plate 27. Same eve shown in Plates 25 and 26, five davs after presentation. The
irregular, nasal arca is enly minimally hazy; the adjacent uleer has healed as a
saucer-shaped depression: but the most temporal uleer has a focal, deep-stromal,
necrotic appearance. The latter eventually healed as a dense leukoma,

Plate 28. Opaque, necrotie cornea in a 2-year-old Indonesian boy. The conjunctiva
is both xcrotic and inflamed. The fellow eye contained an area of inferior, focal,
corneal necrosis.
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Plate 29. Sharply focal necrotic lesion in the right eve of a 2-year-old Indonesian
bov. The stroma has largely sloughed, a bulging deseemetocele filling the defect.
The rest of the cornea is hazy and xerotic. The conjunctiva is inflamed. The other
eve had moderately severe corneal xerosis.

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

Plate 31. Left eve of an otherwise well nourished 2-year-old Indonesian boy. A
large, nonstaining, focally neerotie, bulging, opaque corneal lesion is present infe-
riorly, The conjunctiva is both inflamed and xerotic. Abnormalities in the other eye
were limited to dense punctate keratopathy.

Plate 32. Same eye shown 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. [101]; and 12, 15, 17, 21-23, 25-27, and 31 and 32 from Sommer et al. [197].

H
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mother refused to allow hospitalization. When neat seen. two weeks later, his gen-
eral nutritional statis wis even worse, with gross edemain both legs, Severe cor-
neal serosis had reappeared bilaterally and both corneas contained small uleers.
Despite the absence of inflammation. the conjunctiva was clinically nornal in hoth
eves. The corneal uleers promptly responded to additional vitamin A, but the child
died three days later,

A similar pattern was chserved in another two-year-old (case 200/068) in
the absence of corneal uleeration.

Despite previous suggestions that inflammation [17,18,149.176,177] and
sudden deterioration of vitamin A status {39.43,149,178,179] can modily
the elinical picture, mechanisms other than vitamin A deficiency have been
proposed to explain classical coreal destruction unaccompanied by con-
junctival xerosis [136,145]. As recently as 1971 vitamin A was being with-
held from severely malnourished children with corneal haziness and ulcers
[145] because of the absence of conjunctival xerosis. After a week at least
one child developed a corneal uleer in a previously hazy right eye and
perforated an existing uleer in his left eve. The author laments that “unfor-
tunately (at this point) the mother absconded with the child” (and probably
a good thing tooh). Pillat’s [156] suggestion that “examination of the con-
junctivais the only guard against a mistaken diagnosis™ has, unfortunately,
proven incorrect, at least in cases of rapidly evolving discase or bilateral

ll]C(‘l'il“()l]/l](‘(‘l'()SiS.

Evolution and diagnosis of conjunctival xerosis

As should now be clear, vitamin A deficieney induces a squamous metapla-
sia thronghont the conjunctiva. Because it is most pronounced in the tem-
poral quadrant, this is the site where clinical “xerosis™ first appears. Its
“nonwettable” keratinized surface is dotted by fine. lustrous irvegularities
or bubbles, although in some instances heavier accumulations of keratin-
ized debris and saprophytic bacteria (primarily “xerosis hacilli™) form a
highlv visible foamy or cheesy covering, known as “Bitot’s Spots.™ Since
these are nothing more than localized variants of the basie xerotic process
there is little reason for continuing to divide them into those with and
without accompanying xerosis [47].%

In general, these metaplastie changes are exquisitely sensitive to vitamin
A status. But occasionally. for reasons not entirely elear, arcas of temporal
metaplasia hecome selt-perpetuating, persisting long after vitamin A levels

“This conclusion is reflected in the 1981 vevision of the WHO cssification (Appendis 2).
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have returned to normal. This accounts for at least some instances of “non-
vitamin A deficient”™ conjunctival xerosis/Bitot’s spots. The exaet proportion
of nonresponsive cases due to past vitamin A deficiency, and the propor-
tion, i any, duc to other causes. is unknown and may well vary from one
population to another,

As vitamin A status deteviorates further, keratinizing metaplasia becomes
more severe. Although histologic changes are widespread early in the dis-
ease, clinically demonstiable xerosis first appears temporally, then nasally,
then inferiorly, and fina'ly superiorly, a progression suggesting the
influence of exposure and susceptibility to lid abrasion. The more extensive
the involvement the more severe the changes. The conjunctiva becomes
increasingly stifl, thickened, and resistent to deformation, eventually as-
suming a wrinkled, leathery, skinlike appearance with prominent folds con-
centric with the limbus. These are advanced changes, almost always ac-
companied by frank corneal involvement in eves in which the diagnosis
would never be in doubt, precisely the condition under which they were
originally described [32.68,77,109,129.156,158, 180]. Confusion arose with
attempts to develop more sensitive criteria of mild vitamin A deficieney.
Kruse [181] claimed that fine wrinkling and thickening, evident on biomi-
croscopic examination of the bulbar conjunctiva, were useful signs of active
vitamin A deficieney. Despite the fact that many months were required for
these “abnormalities™ to disappear after vitamin A therapy, and Berliner's
[182] demonstration that similar changes were common in normal individu-
als, “wrinkling” and “thickening” have been regarded as evidence of mild
“conjunctival xerosis.” which resulted in frequent overdiagnosis [47]. In
our experience [101], mild degrees of wrinkling and thickening, as de-
scribed in the recent WHO classification [47], are poorly reproducible and
almost as common among normal children as among those with vitamin A
responsive nightblindness and mild conjunctival xerosis/Bitot's spots (X1), a
judgment shared by others [183].

Sauter [45.184] has suggested that conjunctival staining with vital dyes,
especially with Lissamine Green, is a useful index of preclinical xerosis and
a basis for distinguishing Bitot's spots associated with active vitamin A de-
ficiencey from those that are not. Unfortunately, subsequent experience in-
dicates the technigue is neither as specific nor as sensitive as claimed
[169,185~188, and L. Sutter, personal communication, 1979]. In our own
series [187), over 11% of normals developed definite staining of one or
both cyes, as did 83% of cases of nonresponsive Bitot’s spots (Table 3-15).
Similar staining patterns were absent in two-thirds of cases of nightblind-
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Table 3~15. Lissamine green staining of patients with clinical xerophthalmia and
controls (Studies TI/I11

Clinical Total Definite Definite Indefinite Negative
status ciuses 2 eyes I eye 1 or 2 eyes 2 eves
Normal n 51 2 4 3 42
Controls (%) (100) 3.9 (7.8) 5.9 (82.4)
Night blind n 4 3 1 2 8
(%) (99.9) (21.4) (7.1 (14.3) (57.1)
Nonresponsive n 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
xerophthalmia (%) (99.9) +#3.1) (23.5) (7.8) (25.3)

From Emran et al. [187].

ness and one-third of all cases of vitamin-A-responsive conjunctival xe-
rosis/Bitot’s spots or frank corneal involvement. Kajal, a common Indic -
cosmetic containing carbon particles in oil has been used to increase the
visibility of Bitot’s spots [ 183].

Conjunctival xerosis requires time to develop. When vitamin A status
deteriorates rapidly, as in measles and other catastrophic illnesses, clinical
involvement of the cornea ma_ precede that of the conjunctiva. Conjunc-
tival pigmentation, much commented on in the past and still a recom-
mended sign of xerosis [17,46,109,189] is an even more chronie change, if
in fact it is related to vitamin A deficieney at all [35,45,101,136, 149,
155, 190,191].

Classically. xerophthalmic corneal destruction is said to occur in rela-
tively noninflammed, “white and quiet” eves (Plates 16,21,22)[13,39,136].
Nonetheless, conjunctival inflammation of varying degree is present in a
substantial  proportion, perhaps a  majority, of such cases (Plates
12,14,23,25.29) [17,18,35.176]. Whether it results from secondary infec-
tion, concomitant illness (e.g. measles), or simply corneal destruction itself,
such conjunctival inflammation may mask or reverse the underlying xe-
rosis.

The failure of otherwise well-nourished adult volunteers, placed on diets
deficient in vitamin A, to develop typical conjunctival xerosis or Bitot’s
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spots [§9-91 144 ] is hardly surprising. Well-fed adults have large vitunin
A reserves. In most instances, the period of attempted depletion lasted less
than one year, and rarely as long as two vears, Many participants never
developed serum vitamin A levels in the abnormal range. and only a few
were sufliciently depleted to develop clinically detectable nightblindness.
The previously healthy, well-nowrished case reported by Bors and Fells
[115] was allegedly on adiet entively free of vitamin and provitamin A for
five years before developing significant ocalar pathology.



4. Corneal involvement

I. Clinical considerations

In emaciated infants, particularly, 1 have repeatedly seen the cornea of
one or both eyes become thin and prominent and give way, without
much, and even withont any apparent inflammation. The wasted state of
the body in such subjects arose from various causes, as chronic diarrhea,
cough following measles, and syphilis. . . . I have sometimes been led to
compare the state of such eyes to those of the dogs of Magendic's enperi-
ments which being fed, or rather starved, on white sugar and distilled
water, died from exhaustion, their death being preceded by perforating
ulcer of the cornea and evacuation of the humours.

William Mackenzie, 1834

Corneal manifestations of malnutrition may have been recognized even be-
fore those of the conjunctiva. 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 uleerated cornea from inanition” in a “poor babe.” The sisx-month-
old severely emaciated child developed rapidly progressive ulceration in
both eyes, the contents of which were expected to be “expelled” within 24
hours.

Mackenzie [4], another Scot, was obviously familiar with the discase. He
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 “scrofulous subjects.”

Similar observations were =uon made by others [5,9,193). Hubbenet [6],
who first reported P hemerolopic spot” for which Bitot later became
famous, 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 deseriptions of conjuncti-
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val and corneal xerosis, occasionally progressing to ulceration and wide-
spread melting, soon followed [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 infections, and responding to foods 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 inryeded development of our nnder-
standing of the discase. Etymologically, “corneal xerosis” should mean,
quite simply, dryness of the cornea (i.e. its surface), and “keratomalacia,”
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 difference between 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 circumseribed
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 done Y0 years carlier, the distinction was adopted in classifications
that followed [146,155,194].

More problematic was the classification of the various forms of stromal
involvement. Mori [18] clearly distinguished corneal “uleers” from “ne-
crotic disintegration (keratomalacia).” Kirwan [160] divided active corneal
discase into four stages: prexerosis and xerosis ("the ensdiest stage of kera-
tomalacia”™); “keratomalacia without breakdown of the cornca” (in which the
areas of infiltration or degeneration were thought to occur in the deeper
layers of the stroma below an intact epithelium); “keratomalacia with break-
down” (resulting in permanent damage); and total disruption of the cornea,
Oomen [35] was concerned with the fact not all stromal loss appeared to
proceed in the same manner. He distinguished “corneal xerosis,” (includ-
ing “bean-like protrusions™ or perforations, oc asionally hecoming multiple
or even involving the entire cornea) from keratomalacia by the fact the
cornea retained its general shape. He regarded kertomalacia as a “colliqua-
tive necrosis™ in which “vast stretches of the corneal surface are immedi-
ately affected” and the original shape of the cornea ultimately lost. M-
Laren [43] objected to the use of a single term, “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 full-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-
jably leading {0 deformation or destruction of the eyeball,” an imprecise
but reasonably successful division still in use [161,47].

In 1974 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 hetween 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 full thickness (and usually whole extent) of the cornea,
and by “invariably leading to deformities or destruction of the eye.”* Un-
fortunately, this classification was not based on new or revealing informa-
tion. We therefore carried out detailed observations (Studies T/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 corncal cases (Study 1I)

Class Category?! Clinical description Cases (n)
X2 1 Mild xerosis: haziness and loss of luster 24
Moderate xerosis: surface has dry, pean 24
d'orange appearance
3 Severe xerosis: presence of keratinized 5
plaques
X3A 4 Small ulcer(s): sharply demareated, 1-3 45
mm in diameter, superficial or deep
5 Large ulcer: usually full-thickness, may 5
be variant of category 4 or 6 lesion
X3B 6 Localized stromal necrosis 3
7 Complete corneal necrosis: unilateral 13
8 Complete corneal necrosis: bilateral 12

1. Classified by 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
*1t is symptomatic of the problem that plagues these definitions that in the first publication
to make use of this classification [45] it is misquoted and its intent thereby subverted: X3A is
defined as a corneal erosion and X3B as an “uleer or keratomalaeia.”
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of presumed corneal xerophthalmia in Study 11 were divided into 8 clinical
categories (Table 4-1) on the basis of the appearance of the worst lesion in
the most severely affected eye [196,197]. To preserve 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 \l loss in the form of relatively small, round

corneal ulcers with to oblong, sharply demarcated, shallow to full-

xerosis thickr.ess ulcers accompanied, in most (but not all)
instances, by evidence of X2.

X3B (1): category 6 Localized corneal dissolution or “necrosis.”
keratomalacia (localized)

X3B (11): categories 7-8 Generalized corneal dissole’.on or necrosis
keratomalacia (generalized)  of one or both eves.

Cases with punctate keratopathy but apparently clear corneas (on handlight
examination) are classified by their other manifestations of vitamin A defi-
ciency (AN or X1).

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



Fig. 4-1. n xerophthalmia fluorescein-staining punctate lesions have a strong pre-
dilection for the inferior and nasal aspects of the cornea. (From Sommer et al,

[171))
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Fig. 4-2. The prevalence, extent. and density of fluorescein-staining punctate ker-
atopathy increased with the severity of xerophthalmia (p <.01 for lincar trend).
Numbers smaller than elsewhere because analyzed and published before recruit-
ment for other purposes completed. Extent graded: 1 (inferonasal), 2 (inferior half
of cornea), 3 (inferior three-fourths of cornea), 4 (entire corneal surface). Density
graded: 1 (mild), 2 (moderate), 3 (heavy). Studies 1T (Drawn from Sommer ct
al. [171)])
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Table 4-2. Response of punctate keratopathy to 200,000 1U vitamin A
{Study 111)

Duration Number
sinee of Percent Pereent Total percent
treatment eyes improved cured improved or cured
1-3 days 20 40 0 40
4-7 days 24 75 25 100
2 weeks 20 20 80 100
I month 26 - 100 100

From Sommer et al, [171].

controls 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 U vitamin A, all affected
eyes improved within one week, and were cured within four (Table 4-2).

Healing begins with 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 fourth week only nonstaining,
pigmented epithelial or subepithelial specks remain, most prominently in-
feriorly, where they may persist for months.

As controls, 18 eyes with Bitot's spots of 10 patients who received low-
dose (700 1U) vitamin A were followed closely [171]. By the end of the
month none had improved and 11 (61%) had actually deteriorated, four of
them alarmingly so. These patients were then treated with a single oral
dose of 200,000 1U 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 the condition for the designation “corneal xerosis” (X2).

X2: Corneal xerosis (categories 1-3)

Corneal xerosis (of any severity) was present in 93% of all eyes of patients
with frank corneal involvement in at least one eye,

Category 1: The first visible change on handlight examination is a hazi-
ness of the corneal surface, usually most pronounced adjacent to the infe-
rior limbus hut occasionally centrally instead (Plates 9,10). The haziness
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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 off, revealing the dry, “nonwetta-
ble,” finely irregular surface below. Mild involvement may be missed by
the 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 sur-
face, although usually remaining most pronounced inferiorly. In 83%
(20/24) of cases hoth eves 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 with 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 systemie therapy the cysts usually disappear, being replaced, in
many instances, by typical staining punctate lesions.

The other abnormality apparent on slit-amp examination is stromal
edema. As with the surface changes the inferior aspect of the cornea is
usually first and most severely affected.

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 pigmenc d specks
may cause inferior haziness to persist indefinitely. Central corncal 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. Corneal haze and density of punctate keratopathy in mild
xerosis (category 1)

Density of SPK*?

Extent d . Total

. (percent of eyes in row) i

of corneal cyes
haze mild maderate severe (n)
0 20 60 20 3
Inferior 1/3 6 69 25 16
Inferior 2/3 100 2
Entire surface 16 84 25

1. Difference in SPK density between =1/3 corneal haze and 22/3 corneal haze, p<.001.
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Table 4—f. Corneal haze and area of punctate keratopathy in mild serosis
(category 1)

Area of SPK?
(pereent of eves in row)

Extent Total

of corneal Inferior/ Inferior Inferior Entire cyes
huze Nasal 1/2 3/4 surface (n)
0 20 60 20 3
Inferior 1/3 13 36 31 16
Inferior 2/3 100 2
Entire surface 8 92 25

L. Difference in corneal area covered with SPK =13 corneal haze and =23 corneal haze, p<.001.

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

Corneal thickness (x normal)?

Extent ’ c o Total

of corneal (pereent of eves in row) oves
haze I L5 =175 (n)

0 104 - - 3
Inferior 173 63 37 - 16
Inferior 2/3 100 - - 2
Entire surface 12 88 - 25

L. Difference in corneal thickness with SPK =1/3 corneal haze and =23
comeal 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 surface has a dry,
granular, pean d'orange appearance (Plates 13,19), which is usually most
prominent inferiorly, cither 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 therapy. Multiple patches of similar ap-
pearance are sometimes distributed about the corneal surface. Involvement
is generally symmetrical in the two eyes. Haziness tends to be more severe
than in category 1.

The frankly xerotic nature of the changes is often apparent, even on
handlight examination of the fluorescein stained corneu. Many eyes have
severe, dense punctate staining while in others the flourescein stains or
pools in cracks on the cornified surface, presenting a “treebark”™ appearance
(Plates 15,17,18).
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The entire cornea usually has a markedly ground-glass appearance on
retro-illumination, while the surface tends to be completely covered by
punctate lesion (96% vs 653% in milder discase (grade 1), p <.01). The den-
sity of these lesions, however, is the same in both groups. even after cor-
rection for the degree of haziness. The fluorescein-staining, punctate lesions
are sometimes very dense, almost confluent.

“Treebarking”™ appears to represent a solid sheet of corified epithelium.
Although fluorescein pools in the cracks, the surface is usually free of punc-
tate staining (Plate 13). Following therapy the comified layer loses its at-
tachment to the surface below and peels oft (Plate 15). The free end may
fold over or break oftf and slough. The central, interpalpebral zone is gen-
erally the last to clear, presumably because of the limited abrasive action
of the lids at this site (compare Plates 17 and 18).

The severity of edema tends to be greater than in category 1: corneal
thickness was at least twice normal in over one-fifth of eyes.

Cuategory 3: Thick, elevated, frankly xerotic plagues are the most severe
form of nonulcerating surface change (Plates 17,18,20). Relative protec-
tion from lid abrasion and the greater potential for exposure proliably ac-
count for their predominance in the interpalpebral zone. Particularly heavy
plaques are foamy or amorphous in nature, suggesting an agglomeration of
bacteria and fragmented keratin as in thick Bitot’s spots. Plaques, xerosis,
and corneal haziness were present in both eves of all five subjects.

In all ten eves punctate keratopathy was of the densest sort, especially
suwrrounding the plaques. The surface of the plaques themselves generally
stain as lincar or whorl-like crevices. With healing the plaques fragment
and slough, sometimes being (transiently) replaced by areas of densely
packed, fluorescein-positive punctate lesions.

Stromal edema was present in all cight eves (four cases) in which it was
sought.

At least one-third (20) of the 33 cases of X2 (categories 1-3) presented
with a chief complaint compatible with corneal derangement: 12 because
the child was keeping his eves closed, 6 because he avoided bright lights,
and 2 because he complained of “itchy eyes.” A 24-year-old woman exam-
ined before this study began [104], with moderate corneal involvement
(category 2), denied any foreign body sensation, grittiness, or dryness, but
was moderately to severely photophobic.

Aside from their ocular appearance, there was little to distinguish cases
of grade T from those of grade 2. Cases in category 3, however, were
clearly more protein deficient and ill than those with milder discase.
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Table 4-6. Protein status of cases of corneal xerosis (Study 11

Clinical classification

1 2 3 Total

Albumin (ug/dl)

number 24 24 5 53

mean 3.35 3.25 2.50 3.22

SD 0.50 0.45 0.41 0.52
Transferrin (mg/d))

number 22 21 4 47

mean 159 155 9 151

SD 85 95 124 93
Albumin: 1 vs 3: p <.001 Transferrin: 1 vs 3: p <.01

2vs 3 p<.01 2vs 3: p<.05

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 helow those of the other two . <.01). In keeping with their
poorer protein status, pedal edema was 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
febrile 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 nighthblindness
that vitamin A deficiency had been present any longer among cases in cat-
egory 3 than among thosc 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 for 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 1I)

Clinical classification

1! 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 but the one death in category 1 occurred at least 1 month following
presentation.

X3: Stromal loss (categories 4-8)

1t 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 hoth 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 (categories 4-5)

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. 1n 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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IOOF ne 25

BINOCULAR STROMAL LOSS
(percent of cases)

4-5 6 7-8
CLINICAL CLASSIFICATION (corneal file)

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 for
linear 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 the main ulcer was recorded in 42 of 53 affected eyes. In
550 it was between one-foarth and one-half corneal thickness. In only one
instance (2.4%) was it greater than three-fourths depth.

Among the 44 cases in which both corneas were involved, ulcers were
present bilaterally in 8. In all but one of these eight the locatici, shape,
size, and depth of the lesions were symmetrical in the two eyes, often
amazingly so: in one case two uleers of 1 mm diameter each were located
inferonasally in both eyes; in another, a single ulcer was present in the
(rarely affected) superior-nasal quadrant of both eyes. In only one case
were they iu different locations: inferonasal in one eye, inferotemporal in
the other, both being superficially staining infiltrates.

Conjunctival injection, of varying intensity, was present in a majority of
eves with ulcers (41/52, 79%, 1 case not recorded). A hvpopyon, 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 surface 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 following
presentation. They illustrate potential mechanisms by which corneal ulcer-
ation might develop in xerotic corneas.

Case 200/065: a two-year-old severely malnourished child with rhonchi, pedal
edema, stomatitis, and draining right car was referred for Bitot's spots. Both eyes
had extensive corneal xerosis with a treebark, cornified layer in the inferonasal
quadrant. With hospital therapy (inclnding a high protein diet and 2 massive doses
of vitamin A) his general condition and eyes improved. By day 3 the pedal edema
had largely subsided, the conjunctival xerosis had disappeared, and the cornified
layer begum to breakup and slough, especially adjacent to the inferior limbus. By
dav 7 the cornified layer was completely gone. During the second wecek the child’s
general condition deteriorated: he developed diarrhea, anorexia (requiring a feed-
ing tube), and the pedal edema returned. Although the diarrhea was svon con-
trolled, serum albumin had fallen from an already Jow 2.5 to 2.1 g/dl by day 15.
Both corneas deteriorated: by day 13 numerous fluoreseein-positive punctate le-
sions and nonstaining epithelial microeysts appeared inferiorly despite good lid clo-
sure, On day 17 the surface of the inferior portion of the right cornea developed an
irregular, bumpy appearance, due to the presence of 3 small bubblelike mounds,
all sharply demarcated eystic swellings in the superficial stroma. The tear film in
both eyes was irregular and unstable. Within five days a sharply demarcated, per-
feetly clear, intensely staining noninfiltrated shallow nleer replaced the bubblelike
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mounds inferocentrally, The uleer was surrounded by a moderately hazy zone, the
rest of the cornea being minimally hazy, studded with SPK. and 1.5 times normal
thickness, Three days later the left cornea assumed an identical appearance, By day
28 the crosionfuleer of the left eve had healed without a trace. The child died on
day 37,

Case 200/069: a severely ill, malnourished (marasmic-kwashiorkor) three-year-old
boy with bloody diarrhea was seen with skinlike changes of his entire conjuctiva,
and heavy xerosis with treehark comification and adherent amorphous white
plaques inferiorly in both corneas (Plate 17). s serum albumin was 1.9 and holo-
RBP 1. Two days after admission and initiation of therapy a sharp margined,
punched-out, flourescein positive depression formed at the receding, inferior edge
of the xerotic plaque (Plate 18). This presented a striking appearance, the crevices
of the remainder of the plague converging on the uleer, suggesting that underlying
epithelium and perhaps stroma as well had been lost when the overlving plaque
sloughed. There was no evidence of infiltration and the margins were not swollen,
By day § the xerotic plague in the loft cve was confined to a small, nasally remote
area inferiorly. What remained of the cornified laver was folded upon itself some
distance from where the uleer had been. The uleer itself had reepithelialized, fora-
ing a clear, nonstaining, shallow depression. The child's general condition also ‘m-
proved. his edema disappeared, and his albumin rose to 9.6 by the end of the first
week,

A number of cases presented with both uleers and potentially precursor
lesions. In some, uleers were located amid treebark cornification; in others
they were associated with stromal bullae. Several are detailed in Appendix
HI. In one case a classical punched-out uleer evolved from a cluster of
bullac.

Case 200/168: The left eve of this two-year-old girl contained a grevish-white,
cvstice, bulging, necrotic lesion ategory 6). However, the right eve appeared, on
handlight examination, to contain a classically small (I mm), circular, sharply de-
marcated hazy lesion with central staining. suggoesting a punched-out ulcer. Slit-
famp examination revealed that the Tesion actually consisted of a rosette of clear
epithelial or subepithelial microeysts. The central cyst had apparently Inoken, re-
sulting in the staining. Of perhaps greater significance. a clear cleft parallel to the
surface was present in the anterior stroma, Although centered below the more
superficial bullae, and widest at that point, it extended bevond their area of in-
volvement, Serum allumin was 3.3 g/dland vitamin A 1 gg/dl. The child received
200.000 1U vitamin A in oil orally and topical retinoic acid. By the fourth day the
bullous lesion had become a classical, % depth punched-out uleer. By day 10 the
uleer had healed, leaving a small leukoma hehind.

Another case presented an extraordinary picture containing many of the
clements already discussed and suggesting the potential role of localized
desiceation and dellen formation [198-200].



CORNEAL INVOLVEMENT | 69

Case 200/160: A 19-month-old boy had a serum vitamin A of 4 pg/dl, albumin of
3.2 g/dl. and a weight for height greater than 90% of standard. The right eve was
white and quiet, with conjunctival xerosis involving the inferior 180 degrees of
bulbar conjunctiva and heavy punctate keratopathy, though the cornea still ap-
peared clear by handlight examination. The conjunctiva of the left eye was injected
but not xerotic looking. Centrally the corneal surface 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,
desiceation, as in dellen. If these vere, in fact, dellen they were atypical: areas of
superficial desiccation overlying stroma two to three times normal thickness. None
of these irregularities stained (Plate 26). Break-up time (BUT) in the area was zero
scconds. Inferior to this irregular pateh were 2 uleers of peculiar appearance. Both
were oval with saucer-shaped, gently sloping, nonstaining walls of one-fourth cor-
neal depth (Plate 25). Midway between the outer rim and center of each uleer the
walls abruptly assumed a more typically evlindrieal shaped, punched-out, intensely
staining configuration extending an additional one-fourth to one-half depth into the
stroma (see smaller ulcer, Plate 26). It is tempting to speculate that a elear, central
stromal vesicle had broken, resulting in a typically punched-out staining ulcer sur-
rounded by a nonstaining, epithelial covered, dellenlike depression.

As part of a therapeutic trial the child received 200,000 1U oil-miscible vitamin
A intramuscularly, and topical retinoic acid to the left eve three times daily. The
inferior uleer proceeded to heal uneventfully: at two days a sharply demarcated
arca of whitish (presumably) infiltration appeared at the base, the only area still
staining. By the next examination. on day 3, the entire arca of the uleer had be-
come a clear, nonstaining corneal depression (Plate 27). At two days the area of
irregularity wuperior to this uleer was unchanged (Plate 26). By day 3, however, it
had an identical appearance to the inferior ulcer: the alternating bumps (clear, in-
trastromal eystic spaces) and depressions had been replaced by a clear, nonstaining,
sarcerlike depression, and the generalized stromal edema in the area had disap-
peared,

The temporal uleer did not fare as well as the inferior one. By day 2 the com-
plex saucerfevlindrical shape had been converted to a deeper “V shaped gutter,
now  staining  edge-to-edge  (Plate 26).  Although  topical antibiotic  therapy
(garamycin/bacitracin five times daily) was instituted at this point, the uleer contin-
ued to deteriorate. By day 5 the arca was opuque, (Plate 27), its surface a fluores-
cein positive bulging mass, like an abeess more typical of cases in category 6. The
patient was removed from the hospital on day 6 and when nest seen, at three
months. had two leakomas: a dense one in the a-ca of the initial temporal uleer,
and a much paler one in the area of the initial inferior uleer. The depression found
in the area of original irregularity was barely diseernible. At least a partial expla-
nation for the poor response in this patient was the use of oil-miscible vitamin A
intramuscularly: the vitamin A level, initially 4 pg/dl, peaked at 9 pg/dl at 4 h, and
wias back down to 4 pg/dl at one day, where it persisted. Tlis serum albumin was
a reasonable 3.2 gidl.
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As already suggested, one of the earliest responses to therapy is forma-
tion of a whitish, presumably infiltrated area, usually at the base or within
the wall of the ulcer. In some instances, especially where infiltration is
prominent or the uleer large, deep, or adjacent to the limbus, the ulcer
“fills in” with marked infiltration/edema in the base and surrounding area,
and eventually scars over. Shallow, central ulcers tend to reepithelialize
uneventfully, usually within two to three days, forming clear depressions
easily missed on routine handlight examination.

Category 5: This group contained five cases, distinguished from those in
category 4 by the presence, in at least one eve, of a large, full-thickness,
stromal ulcer (reaching to, or beyond, Descemet’s membrane). These cases
were also more likely to have bilateral stromal defects (4/5). The corneal
defects were all localized and sharp-margined. They probably represent a
modification or late stage of the processes encountered in categories 4 (sur-
face ulcers) and 6 (necrotic stroma). Most cases provide interesting transi-
tional changes between these two other groups, often containing lesions
typical of one or the other in the same or fellow eye. Two such cases are
presented below and two others in Appendix 111.

Case 2000091: a three-year-old boy with kwashiorkor, an albumin of 2.8 g/dl, and
transferrin of 30 mg/dl presented with a right cornea that was 3 times normal thick-
ness and contained a sharp-margined uleer which had perforated centrally, The
walls about the perforation were more swollen and opaque than characteristic for
category 4. The anterior chamber was flat. The left eye had two distinet arcas of
treehark xerosis: one inferiorly, adjucent to the limbus, and another. a <ickle-shaped
swath 2 mm above the first, which terminated nasally in a 1 mm uleer of % depth
and slightly edematous, shaggy appearance. Both corneas healed without conse-
quence, the right as an inferior adherent leukoma, the left as a small inferonasal
leakoma.

Case 2001155: A severely ill, three-year-old female with marasmic-kwashiorkor
died on the day of admission. Serum vitamin A had been 4 wg/dl, albumin 1.9 g/d!,
and transterrin 20 mg/dl. The right eve contained a classical punched-out 2 mm
shallow ulcer superotemporally of % corneal depth and two pinpoint uleers supero-
nasally (Plate 21). Although an anterior synechia had not been noted initially, slit-
lamp examination following dilitation revealed densely pigmented tissue caught up
in the posterior aspect of the cornea deep to the shallow uleer, and clinically normal
stroma in between. The left comea displayed a large (3 mm) central, perfectly
round, punched-out, full-thickness defeet, through which Descemet’s membrane,
and iris behind, were bulging (Plate 22). The inferior margin of the defecet 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
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Table 4-8. Biochemical parameters in mild (cate-
gory 4) and moderate (category 5) xerophthalmic ul-
ceration (Study II)

Clinical classification

4 5

Serun vitamin A (ug/d

number 9K 4

mean?! 7.6 3.3

SD 3.9 1.5
Serum albumin (g/dD

number 4 4

mean 3.2 2.7

SD 0.6 0.7
Serum transferrin (mg/dl)

number 41 4

mean 14 75

SD 78 102

1. p<.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
ali 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,

Category 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 from 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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TEMPORAL *———» NASAL

3 | | |
Fig. 4-4. In the vast majority of cases with focal corneal necrosis (category 6) the
lesions were located in the inferior and/or nasal quadrants. Study 11.

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
rupture, 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, focal 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 formed protuberant, dome-shaped lesions (Plates 29,31), sometimes
with smooth, glistening surfaces. Several fuiled to stain witl 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. Whether initial absence of staining was due to
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some unrecognized factor masking epithelial loss, or subsequent staining
was secondary tc changes induced by the reparative prucess, is uncertain.
The necrotic tissue sloughed, revealing a descemetocele below. Purulent
discharge was rarely present.

Descemetoceles, especially large (=% comeal surface) perforated ones,
scarred extremely slowly. Small ones (<% corneal surface) reepithelialized
rapidly (two to five days), and scarred quickly (espeially 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 aflected (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 with 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-
phthalmic 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
ases: 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 the
two eves was still symmetrical.

Generalized stromal edema was extremely common, and often severe.
Comeal thickness sometimes reached three to four 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 illuztrates the reversibility of some areas of apparent
necrosis,

Case 200/171: A three-year-old girl presented with conjunctival xerosis and two
small, dlassically punched-out staining ulcers in the right eye, and a large, greyish,
opaque, nonstaining bulging lesion involving three-fourths of her left cornea, Her
protein statns was reasonably good (serum transterrin 102 mg/dl, albumin 3.5 gdl)
but sernm vitamin A only 2 pg/dl. She received 200,000 U vitamin A orally on
admission and again the following day. By day 1 the surface of the swollen, opaque
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lesion in the left eye had begun to stain. By day 3, the last follow-up, it had already
shrunk to one-third its original size, and involved only the inferior arca. Except for
some mild, generalized edema (reduced from three times normal thickness on ad-
mission) the rest of the cornea appeared normal. This is an extreme example of the
fact that some apparent “necrosis” is lugely (and rapidly) reversible,

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

Case 200/124: Measles rash and “conjunctivitis” appeared in this 19-month-old
boy ten days prior to presentation. Three days later he closed hoth eves and had
kept them closed since. On admission he was noted to have a “healing” measles
rash, pneumonia, and marasmic-kwashiorkor. Serum albumin was 2.6 g/dl, trans-
ferrin 115 mg/dl, vitamin A 4 pg/dl, and holo-RBP 2 wg/ml. Both conjunctivae were
injected, without evidence of xerosis. Neither cornea looked serotie, In the inferior
half of the right cornea was a horizontally oval, sharply demarcated, slitlike % thick-
ness uleer surrounded by an area of moderately heavy haze, which itsell was sur-
rounded by less dense haze. An opaque, necrotic, “mushy” looking lesion with
central descemetocele and probable iris prolapse occupied the inferior one-half to
two-thirds of the left corea. The opague arca was grevish and edematous. The
transition between the lesions and remaining cornea (superiorly) was dramatic, os-
pecially in the Teft eye, where it was erystal clear and free of any SPK. On vitamin
A therapy the two eyes healed uneventfully, the right eye as a fint macula, the left
as an adherent leukoma involving only the inferior two-third of the extent of the
original lesion,

Categories 7-8: In these groups the neerotizing or melting process in-
volved the entire cornea of one (category 7) or both eyes (category 8). In
some instances the entire cornea resembled a relatively firm, vellowish-
white abscess whose suriace was seemingly intact (Plate 28). In others.
what cornea was left resembled thick mush or gelatin (Plates 12, 14). The
final result was the same: the corneal stroma sloughed, usually within 1-3
days, resulting in an enormous descemetocele (occasionally retaining a thin
stromal or fibrinous covering) (Plate 22) or (rarely) complete prolapse. The
peripheral 1 mm corneal/limbal zone was spared dissolution: it was usually
edematous and  opaque  on - admission but  remained  vital  (Plates
12,14,22,28). Unlike some instances in category 6, where the surface of the
localized “abscess™ did not stain initially, all lesions in categories 7-8 did.

Two forms of healing are scen. depending on the amount of residual
stroma. Where some stroma remains, a mixture of scarring and (often mul-
tiple) descemetoceles develop, all of which eventu dly scars over. Where
all stromal tissue has melted away a peculiarly cross-banded star 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 staphyloma, which may later shrink as the eye becomes
phthisical.

In some cases the “necrotic” cornea is completely clear, white, and cys-
tic. In one instance a clear descemetocele was present centrally, as if there
was insufficient stroma left to ewell 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, followed by infiltration of the devitalized tissue.

Case 200/096: A two-year-old girl with kwashiorkor and serum vitamin A of 3
wg/dl, holo-RBP of 2 pe/ml, albumin of 2.9 g/d), and transferrin of 20 mg/d] pre-
sented with an almost pure descemetocele of the right cornea, and white, opaque
dissolution of the entive left cornea. One to two days later the left cornea was
vellow, more 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 category 8 suffered complete corneal destruction
bilaterally. Otherwise the two groups of cases did not differ, clinically or
biochemieally.



5. Corneal involvement

Il. Clinical-histopathologic
correiations

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,
Huorescein-staining punctate lesions. In neither case was there evidence of
residual keratinization.

Case 200084: A severely marasmic two-year-ald girl (case 200/084) presented
with minimal inferior haze and mild punctate keratopathy in hoth eves. Serum
holo-RBP on admission was | wg/ml, Therapy included 100,000 TU vitamin A intra-
muscularly on admission, 200,000 orally the following day, and retinoic acid topi-
cally to the right eye once a day. By day 4 the right cornea was erystal clear and
the left still had minimal-mild haze and a few SPK. The eyes remained unchanged
through day 10. The following day she developed severe diarrhea, and despite the
appearance of pedal edema on day 11, hecame functionally 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 punctate keratopathy, and nonstaining epithelial microcysts
over most of its surface; the left had moderate haze, especially inferiorly, and large
arcas containing confluent SPK. The child died the same day.

Histologic specimens of the superior and inferior-nasal quadrants of the right
cornea appeared normal. The epithelium in the inferior-nasal quadrant of the left
cornea appeared thin and attenuated, and in two arcas there were epithelial facettes
(shallow defeets in Bowman’s membrane filled in, and covered over, by epithe-
lium). The epithelial facettes may represent healing of carly, minimal superficial
ulceration.

Case 200/078: This child presented with advanced, marked, horizontally oval xe-
rotic plaques 2 mm above the limbus in each eve. As in other severely malnour-
ished children who fail to thrive, his ocular lesions responded poorly to vitamin A.
By 3% wecks, the right cornea was clear although the left was still mildly hazy
inferiorly. The child died six days later. Inferonasal 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 contaired small, classically punched-out ulcers. The other cor-
nea was almost entirely 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 200/101: A severely marasmic (weight for height <60% of standard) one-
vear-old boy had a serum albumin of 2.2 g/dl, transferrin of 40 mg/d), vitamin A of
10 pg/dl, and holo-RBP of 2 wg/ml. He had a history of nightblindness. The right
cornea was largely replaced by a near limbal to limbal descemetocele. The left
cornea contained two % depth, sharply punched-out, adjacent uleers, each 1 mm
in diameter, and a deep, intact, anterior chamber. These uleers were surrounded
by a moderate (1 mm) vim of infiltrate. The child received 200,000 U vitamin A
orally on admission and again the following day, and frequent topical antibiotics
and systemic penicillin and streptomyein, On day 1 the uleers were clearly filling
in, a process which was even more advanced by day 2. On the morning of day 3
the child died, and both cormeas were biopsied. The right cornea, which had re-
ceived topical retinoie acid in addition to the other agents, had remained un-
changed throughout.

Histopathologic examination of the right cornea revealed keratinized epithelium
overlying a thin layer of lush, early fibrons tissue lined posteriorly by iris (Fig. 5-
1A). The iris was infiltrated with monomiclear cells. No bacteria were noted.

The left cornea contained keratinized epithelium that was markedly edematous
but lacking in a granular cell layer, The basal layer contained large, plump cells
with prominent nucleoli. There was an abrupt loss of Bowmen's layer and corneal
stroma in a wedge-shaped configuration extending three-fourths of the way through
the stroma (Fig. 3-1B). This arca contained strands of necrotic collagen, a greater
number of plump, spindle-stellate appearing fibroblasts than normal, «nd marked
stromal edema, all Delow an intact epithelium. Most significantly, there was little
inflammatory infiltrate and no bacteria in the area of collagen dissolution. The
keratoevtes had been replaczd by large fibroblastic-type cells. At either side of this
area the stroma was normal except for a paucity of keratoeytes. In some areas
Descemet’s membrane was broached (Fig. 5-1C,D), despite the absence of clin-
ical evidence for perforation. Such areas were covered anteriorly by edematous, ne-
crotic material and overlying epithelium.

In the second case, 200/037, «orneal material was obtained shortly after
widespread necrosis replaced small, sharply demarcated uleers. Although
inflammatory infiltration was extensive, it was often most intense in other-
wise normal areas surrounding involved stroma.



Fig. 5-1A. Right cye of case 200101, There is total dissolution of corncal stronn.
Intact keratinized epithelinm covers fibrinous material and ivis behind, No bacteria,
and only rare inflammatory cells were present (periodic-acid Schifl, X 575). (From
Sommer et al. [520))

Fig. 5-1B. Left eye of case 200/101. Peripheral area of lesion demonstrates sharp
delication and sancer-shaped configuration of stromal disintegration which was
covered by intact keratinized epithelium (hematoxylin-cosin, x 45). (From Sommer
et al. [320]




Fig. 5-1C. Same eve as in 5-1B, showing central area of lesion. Most of the stroma
is destroved as is Descemet’s membrane behind. The sharply delineated saucer-
shaped configuration of involvement is readily apparent. The entire area is covered
by keratinized epithelium (hematoxvlin-cosin, x 30). (From Sommer et al. [520])

Fig. 5-1D. Higher power view of section shown in Fig. 5-1C. The sharply focal
nature of the lesion, and lack of both bacteria and significant inflammatory infiltrate,
are readily apparent (hematoxylin-cosin, x 100). (From Sommer et al. [520])
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Case 200/037: 10 days prior to admission this cight-year-old girl developed high
fever, five days later a hemorrhagic rash on her face and extremities, and two days
later “white spots” on both corneas. On admission she was considered maoderately
ill and only mildly (grade 1) malnourished. The conjunctiva 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 haze. Serum transferrin was 58 mg/d! and albumin 2.2 g/dl which was sur-
prising given the absence of edema or other evidence of kwashiorkor, and sug-
gested acute decompensation of protein metabolism. Unfortunately vitamin A levels
were determined during the period of intermittent mechanical misfunction, and the
results are therefore excluded from the tabulations. But while most determinations
during this period were high, hers (all run in coded fashion on the same day) were
low: 13 pg/dl on admission, 11 gg/d! one hour and 21 pg/dl four hours after the
first oral dose of vitamin A, falling to 9 gg/dl two days (and an additional dose)
later. Gentamyein and myeetracin were administered 5 times a day to the right
eve. The lids were well opposed during the nest two days and the eyes showed
minimal improvement. On day 3 she became comatose, and the lower half of both
eyes was noted to be exposed. The conjunctivae were white and quite ou. The
entire right cornea had a yellow, opaque, necrotic appearance. The left cornea was
gelatinous centrally with iris seen through the center. She died within a few hours
and the nasal quadrants of hoth corncas were biopsied.

Histopathologic changes in the vight cornea included necrosis and foci of gram-
negative rods. Some arcas of necrosis were acellular, but surrounded by otherwise
normal stroma infiltrated by neutrophils (Fig. 5-2A)., Gram-negative bacilli were
present (Fig, 5-2B).

The specimen from the left eye was lined, in places, by keratinized epithelium.
There was an abrupt transition to stromal necrosis with fraying of collagen. Poly-
morphonudear lenkoeytes were present thronghout the stroma. sometimes sur-
rour:ding rather than within the area of necrosis (Fig. 5-2C). Actinomyces-like or-
gaiisms lined the exposed margin of necrotic stroma in the peripheral area of the
descemetocele (Fig, 5-2D),

The last and most chronic of the three cases, 200/006 documents the risk
of secondary bacterial infection and endophthalmitis in the xerophthalmic

cve,

Case 200/006: A four-year-old boy presented with a history of measles, fever, and
diarthea one month prior to admission, and a red, tearing, photophobic eyve of two
weeks” duration. 11e had reecived antibiotic eye drops, pills, and injections. Serum
vitamin A was 6 pg/dl and albumin 2.4 g/dl. The conjunctiva and cornea of the
right eye were mildly serotie. The conjunctiva of the left appeared mildly injected
but not xerotic. The left cornea was vellow, soft, neerotie, and bulging, with
a gelatin-like eentral protrusion of vitreous or lens. The peripheral corneal/limbal
ring was normal. A small biopsy was taken of the centrally necrotic and perforated
cornein. 100,000 1U water miscible vitamin A was given intramuescularly, and prep-
arations made for enucleation of the left eye the following day. 'a the interim the



Fig. 5-2A. Corneal biopsy from right eye of case 200/037. The main area of corneal
necrosis (superior-central) is surrounded, in part, by heavy inflammatory cell infil-
tration. The central area of necrosis however is relatively free of inflammatory cells
(hematoxylin-cosin, x 26). (From Sommer et al. [520))

Fig. 5-2B. Higher power view of an area in Fig. 5-2A containing gram negative
bacilli (Brown and Hopps, x 1500). (From Sommer et al. [520])
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Fig. 5-2C. Biopsy from left cye of case 200/037. Margin of ulcer showing frayed
collagen surrounded by polymorphonuclear leukoevtic infiltration (hematoxylin-
eosin, X 88). (From Sommer ot al. [520))

Fig. 5-2D. Higher power view of superficial margin of ulcer (Fig. 5-2C) showing
branching filamentous organisms (Brown and Hopps, X 970). (From Sommer et al.
[520])
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Fiv, 3-3C, Penipheral sorca showing intaet stronma covered by epithelium. A fibrino-
puradent cvndite replices central comeicand s lined posteriorly: by iris (hematos-
hiccoan - S From Sommer et al. [520]

Fie. 3230, Gram-positive cocei are present in the vitreous abscess (Brown and
Hopps. 916 Frone Sommer et al. [320])
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nuh'pl‘mimulh ol sirface chanzes as evideneed l») the Tact that cdema s
more promunent e nonuleerated verotic “other” eves of cases i category
v docal necrosise than in category xplnu']n-(l«nu( uleers . Thore s no con-
vineing histopathologic evidenee o endothelial alterations carlyin the
conrse of corneal xerophithadnia, althoneh vacnolated endothelial cells have
Deen obseryved in the vitimin- v-deficient rabbit {2020

Stronal Toss appears to oecenr thyough o niltiplicity of mechanisis,
some primarily antevior categories - 310 others posterior or [east siminl-
tancoms Iy fudl thickness in nature categorios 650

Tranmaetic baring, i ot loss of anterion stronmae probably initiates the
process i some heavily verotic corneas. As picees of the cornified Taver are
Jdonahed they nin tihe a fullthichness plug of epithelinam awith o without
decper tissae with thems Inone case the nleer was focated adiacent to a
Lrce plague. exactly at the point where i kuge, inferior seament had re-
centhy hroken oft and slouglied. These uleers might also represent a hreak-
dovn of dellen cansed by their proximity to a steep-nmargined plague {199,
200,

The other mechaansm of anterior stromal haring or loss does not require
@ heavilh Reratinized surdace. and. in fact. commonly oceurs incits absence.
Deep epithelinl or superficial stromal hullae, observed in onr cases el
as the vitanmin A deficient vabbit 12021 may rupture. The mechianisim of eyt
formation is nncleer, Tnoseveral of onr cases it appeared o result from
dellen formation in a cential. depressed. nonstaining e of appirently
aiperlicial stromal desicetion. Tnat feast one animal model dryving is mosi
itense centrally. occsionally resalting in epithelial loss followed by
stronal dissolution 12004,

Posterior and rapid full-thickness stromal necrosis, in some instances ap-
parenth decp toan intact epithelial Laversis not easily explained by cur-
renth wecepted mechanisms of stromal dissolution. 1t is appealing to think
205200 it collagenases and other proteases known to he released l))'
evencration epithelinm (20522081 infiltrating leuhocy tes {209-211 and
even keratoestes 1212 2137 and present in the stromie of uleerating eyes
211 be rosponsible Tor corneal inelting in verophthadmia. Apparcntly
epithehal clamees iy even control polvinorphonnelear cell infiltration
2100 Whether this aecounts Jor the evlindrical shape ol antervior -posterior
alcers ad shaphy denwrcated appearance of docdizedy full-thickness ne-
crosis rendns to be seen, But it fails to explain deep stromal necrosis be-

neath mtact epitheliom, as suggested by several of o cases. those re-
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e of nltinte stromal Toss ey be considerably simaller than initial clim-
il ohservation suugests, Periups the area ol seemingly - nonal collazen
devord of heratocvtes that surromnds wcfocus of infiltration and Trank disso-
lation represents viable and reversible corneal dange, Alteratively s we
may simphy he witnessing resolution: of particularly optically disruptive

cdetn, or i some inssances. inflanmatory infiltration.



6. Corneal involvement

I1l. Etiologic significance
of local and systemic factors

Local factors

Tear film

Over 130 vears ago Mackenzie [ recognized two types of “serophthalmia”
g terin he did not apply to the equally well recognized natrition-related
discase under disenssiont. one “lacrinal.” due o decreased tearing, the
other “conjunctival.” due o a decrease in “muens which in the natural
state Tubiricates the eve”

Mori 1221 helieved that serosis wias due to disturbed secretion of the
lacrimal clind. Wolbach [164] demonstrated that the primary change, w0
least inratss was o keratinizing metaplasia, and that the lacvimal glands
were not atteeted until Tate in the disease. Sinee then, Tacrimation has
rarely heen mentioned. exeept to indicate that serotic eves may look dry
despite copions tears. Tear production is said to remain unchanged in xe-
rophtliadmic rabbits [202],

Despite these negative reports. diflienltios in assessing basal tear seere-
tion in voung childven, and limvitations of the Schirmer test see methods,
Appendiv ]222:223]0 our stadies indicate that xerophthalmia is clearly
associated with deercased tearing [321], Limited tear production was L more
frequent i eves of patients with active corneal disease than in those of
their matched controls (Fig, 6-1 (p - 001 overall; p <201 to -<.001 for
aroup-speeific comparisons of abmormals and their controls in categories 1=
30040550 and 6-8, not shown in figurey categories defined on page 38).
Fadl in tear production appears to ocenr carly in the course of the discase:
decreased tearing was less frequent among the gronp of matched controls
of corneal cases than wnong patients with vitwmin-A-responsive conjuncti-
val serosis (Study 1D and Jess frequent among those with conjunetival
serosis than among patients with even the mildest category I degree of
cornead aevosis Table 6-1 op - 001 by Tincar trend),

The Schivmer test was aflected by protein stadus, Tnan analvsis limited
to caves of X20 to reduce the influence of uleeration on tear production,
the prevalence of decrcased tearing was inversely related to - transterrin
level Clable 6-2; p- 0D Eves in almost hall” the cases with transferrin
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Fig, 6-1 Schinmer tesd vesults awith topreal anesthesia indicate subnormal tearing
was more prevalent among cases ofe orncal verophithalmia X2 X310 than among their
matched controls 001 Resubts svere mmaailable on 12 eves of abnormals and

6 eves of controls, Studs 1L Do from Sommer et al 521

levels Tess than 30 mardl had less than 3 wm ol tearing, This niy.in part.
represent functional dehydration. sinee nrny of these children appeared
“dey” despite pedal edena I one case diarrhea led to debvdration. pedal
cdema. a fallin tearine and deterioration o coreal status.

Tear production i+ aso alfeeted by vitomin A status, quite apart rom the
influence of protein status. In otherwise normally nourished children. the
more severe the serophthalmia, henee the vitamin A deficieney. the higher
the prevalence of deficient tearing (Table 6-31 (p-2.01 by lincar trendy,

Resnonse to isolated vitamin A therapy provides further evidenee ol the
clleet of vitamin A status on basal tear seeretion (Fable 6-5 To minimize
the potential influence of other treatments. and the transient natare ol im-
provement inseverely malnonrished childven. analysis is fimited to outpi-
tients awho received only vitamin A therapy and response was determiined
At seven o ten davs, The proportion of eves developing ineresed and de-
creased tearing was determined only for those capable of demonstrating
sieh a chamae: cases in which the initial Tevels were Tess than 15 nim and
more than 5 i of wetting, respectively. Only achange ol at least one

category [i- Sto - 5o 150 <15t 1500 3| was considered signil-
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Table 61, Teawr production in controls e cases of con-
Junctival and el corneal serophithahmia - Stadies 10D

Faves with - 15 man

I':\('\
. ’ wetling
Chneal evatnned

chissilication " m ereent
Controls 6l) | 6.7
Conjunctival

aerosis (XD 72 16 22
Corneal verosis

wateuory 1 16 By 39.1

Lo Controls matched controls ot cormeal cases, Study 11
Coniinctival sevophthadnng vitmin A responsive cases, Study THL
Early corneal serophthalina cotneal verosis, categors T Stidy 1

Test tor hinear trewd pess (0]
Test MONT and NEN2 citegory Top- )

Frome Sonner er al 1521

Table G-2. Tear production and trmsterrin Tevels in
cses of corneal verosis categories T30 Stady 1D
Translerrin ang/dh

apereent of eves i colimm

Wetting nin - ) U0 100
0 41 16.7 22.0
39 278 16,7 10.0
1011 3.6 33.3 1.0
1519 1.1 - 12.0
2021 - - 5.0
225 1.1 33.3 10
Total ! (B 12 50

1 Schirmer data unavailabie for 13, and transersin levels for 12 addr-
tional eyes
chisgquare - 236, dE - M 01

Froon Somaner et al [521)
icant. The proportion of eves in which tearing inereased was significant]y
areater than the proportion in which it decrcased (p- 001 for corneal
cases, po 01 for all xerophthahniah, Net incerease o inercase = p deereases
wis statisticadly significantly greater than zevo gp - 001,

The concomitant presence of dehyvdration. vituoin A deficieney. and pro-
tein deficieney should Tave aomarked effect ontear production. and prob-
ably explains the severity of corneal serosis among cases in category 3,

More attention has been paid in the past to the Toss of muens-producing
coblet cells. which in himims virtwally disappear from the hulhar conjunc-
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Table 6=3. Basal tear production in otherwise well-nour-
ished U controls and cases o verophthalmia Stadies 1HHTD

Faeswith - 15 mm

I‘:\l'\ R
Clinieal evatnined wetting

clssfication o i Qereents
Controls® S S 9.3
Conjunctival

verosis N 38 Y 23.7
Cormeal

verophthalmia

N2 N3 62 v 274

1A heed st albmnn =35 wdloand weight for height == S04 of standand.
2 b mubtiple contrals or the same abionnad coneal case campaired®.
Fest tor Linear e, e 1

From Sonuner et al. 1321]

Table 61, Change in basal tear production: following isolated vitamin A
therapy tor serophthadmia® (Stodies TETHD

Initial tear production net dunee?®

SR < 15 =15 mm
(} . 0 . (0
N2N3 eves 0 3 | 2 3 2 21
NEX2ZNXS eves o | 3 ] b} 5 N 16
L Lomnted to cises tecen g solated anssiv e dose ol o wateranseble mtramisealar sitamin A
2 Increase oo decrease - T days after presentation requates change of at least one category vee,

©5te o 1 ar 2050 Awadvais linted o those caves with potential for such change “mmerease’ hased on
cases swith mitid fevel = dand - 13 Tdedrease” o cases sath imtial fevel -5

Poancrease as o (|t'<’1(‘.|\c'

Corneal N2NS P PRI BN [ Rt ) N TR 1 1]

Total N1 N3 520120 s LS 6S pe 01

tiva by the time dinically detectable conjunctival serosis finst appears
J101L see Chap. 34 Mucus stabilizes the tear film 220 by interfacing
hetween its aqueous e aponent and the hydrophobic surface of the cornea
(225226, 1t therefore seems reasonable to suspect [47.203] that its loss
results in vapid tear film breakup and epithelial “exposare.” with conse-
quent drving and damage to the corneal epitheliom, much like primary
mens-deficient states [227].

Despite these findings, most evidence snggests that alterations in the
quantity and quality of the tear film contribute little to the xerotic process:
instead they ocenr pari pasn with other changes. Keratinizing metaplasia of
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the corneal epithelivm is aliost certainly the diveet consequenee ol altered
amin A metibolisinjost e it is e the ephiclinm of the bladder and
renal pelvs OO despite their constant bathing by an aqueons ie-
dinme Corneal Kevatimezation. e the vat al least. precedes adterations i the
Leovimnad eland. cond i hoth the rat (161225 and auinea piv [229] ocenrs in
e presence o abnndant conimetival coblet eells. Sinee vohlet cells Tune
Alreads i appeared e nnld congunetival serosis it s dithicult 1o imagine
Low then ahnence conhd acconnt for more severe disease and corneal heal-
e ~ee Dables 1520 thvonel 138 ol all dearees of sevenity hevins within
cne tothrcs davs s and s oftens completed wathin four to seven, long hefore
coblet colls retin i any nomahers TTOTTOT TETD 8 ept for ciely panctate
cpitheliad crosions 1195 oonko changes i keratoconjunetivitis sicea and
ather div eve states (195250 2510 cene Al do et resenible those inour
patients cven thoneh div eves oy be acticent i hoth tears and gohlet
cells 255,256

rncns produced by the Licrimal elind 7237235 conld account for some of

Vithonale it is possible that alterations in the amount of

s histopathiolowe chunees i vats whose Taerimal glands are surdically
vetnon ed ae L mihder than i Grose made vitimin A deficient [239]. Oc-
csiomall patients with Sjoren’s svndrome associated with rhenmatoid -
Haihs develop stecp-maraine dnoninfiltrated uleers similar to those of cat-
cuony L patienis (2007

Composition ol shin sarlace lipids o altered in protein-energy malantri-
Bon 2000 B is conecivable that comparable changes in the Tipid phase of
thie tear tiln could contribute to the serophthahnic process. This, however,
Las recen ed ittde adtention.

Ex el chanees in tear filon dynmies are not responsible for initiating
Keratinizing metaplsice they may contribate to the predilection of nild
corneal abmormalities punctate keratopathy and carly hazer for the inferior
and masal quadrants, the esaggerated acenmadation of keratin debris o se-
vere carmeal verosis ccategory 30 and dellen formation. epithelial degener-
ation and the like especially in functionally dehvdrated individoals.

Athoueh the vast majorits of cases appeared 1o have complete Tid clo-
aoreand noral Bell's phenomenon, exposire may exageerade the effects
of tear file instabilitg, Patients with keraditis sicca who are presumed to
bove coneplete lid closare during Sleep 12021 develop punctide keratitis
and mtracpithelial microeysts in the inferior cornens Some even: develop
stenide nleers most connnonly inferonasally. though not of the civeular.
pone hedbont variety tvpicad of serophithalmia.

vccnmulation of Tieavy plagues adegory 30 in the interpalpebral zone
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may be influenced Ly the relative exposure and ek of Tid action at this

site,

Bacteria and fungi

The keratinized surface of serophthalmic eves presents a good culture me-
divm for a host of hacteria, particalarhy the xerosis bacillas. but also Staph-
ylococeus. Pocumococens, emophilus and others. which are conmonly
enconntered in Loge numbers [ 12015360165, 189]. There is rather less evi-
dence to snpport suggestions that infection, as opposed o colonization.
is more commen o responsible for stromal uleeration and - neerosis
L3136, 145.205.243], The Targe nimbers of hacteria Pille discovered in
smears from corneal cases disappeared followiag vitimin A therapy [156].

I advanced experimental serophthahnia of rats. necrotic corneas fre-
gquently contain lge numbers of bacteria [27.165.215]. But these conld be
secondary infections and need not reflect the sitnation in hunins. Ocular
and periocular infkonmation. conspicnous in serophthalmic rats. is olten
minimal or absent in the human condition (Chap. 3) [32.39.65.136].

Clinical reports generally desceribe isolated instances of positive enltures
from nleerated eves TS HTE But a culture does not distingnish prinoy
from sccondary infection. or either from mere colomization. Only a tiny
proportion of eves harboring Psendomonas [ 2041 or Staph. aureus [2483] ave
nleerated. To be of pathosenetic sicnificance. pos’tive cultures should be
more prevident in uleerated than in nomdeerated eves. Valenton et al,
[243] found that the frequency of recovery of pathogenic organisms (Pseu-
domonas. Pnewmococei. Moravella, Stuph. pyogenes. Klebsiclla. . coli. or
Proteus inercased with the severity of clinical xerophthalmic. But in an-
other study 11360 that claimed to demonstrate the importance of infection,
positive coftures in mahonrished children were no more prevalent in those
with nlcerated cormeas than in those without: even the spectrum of organ-
ists was the same,

Our own series inclnded controls as well as eves with serophthalmia
G varving severitve Confimctivin’corneal swabs and serapingsin
nlecrated necrotic: corneast grew a wide variety of orgmisimis, The most
common and potentially pathogenic were Pseudomonas. Staph. aurens . and
[ coli. Positve enltures were more prevalent wnong eves ol cases w.th
active serophthalmia than among controls. though not to o statistically si -
nificant degree STable 6-530 The prevalence of positive caltures mmong ul

corated and nonulecrated eves of serophthadmic patients was similar, even
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Table 6-5. Positse hacterial coltnres i controls and cases of corneal

verophithalmia  Stady 1D

Percent of eves with positive coltures

Total .
Corneal e Micro,aar, Total
St e Puendom. Cogg, e 1.oeali positive
Contre s It 24 24 4 A6
N2 117 25 a0 1] 24
AEANE Y 0Ho 31 25 14 (14
NGB b BA 36 RAS n 57
NGB TN 33 31 34 Il 51
N2 MO IO+ 125 2.25 113
NV N 1.24 0.93 1.536 113
N3B 6 N2 144 077 1,22 1.08
NGB LT SN2 1.24 1.13 1.22 102

by pairwise comparison mot shownt of uleerated and nonnleerated eves in
the saame patient (- 330 Other orgmisms. which included strains of He-
moplilus. Strep. vividans . diphtheroids. wd Aerobacter, were common in
Al aronps. Profeas was cultured from a single eve owith corneal serosis),

Virfons fimais which min have been contiwminants. were recovered from
I eves Penicillivm 120 Xsperaillus 330 and Candida 20, There was no
consistent diflference in the frequeney of positive isolates among the various
forms ol corncad uleer neerosis. Positive isolides were more frequent from
ulecrated necrotic corneas 990 than from purely xerotic ones (30140, it
the difference missed statistical signilicainee op - 07,

Onee convineed that these lesions neither looked nor acted like bacterial
alcers s wenstitated o fornal diaanostictherapeatic trial: one eve of cach
patient was systenmatically assigned to receive freguent topical antibiotic
omtment al a miniinum. gentamyein plis bacitracin ve times o dayo,
Twentyv-seven conseentive hospitalized patients with corneal uleeration
were studied before a single nonrecipient eve was found to fire worse than

s matched recipient.

Couse 2000500 0 severely malnonrished child presented with identical small. in-
ferior uleers ineach eve, By diy 3 the cornea reeciving antibiotic was clearly hetter
while the alecr in the nonrecipient eve was worse. The only organisim recovered
trow the nowrecipient eve at this point was a4 congulase-negative Staph. atbus.

Despite the faet that similar, initial deterioration was occasionally ob-
served in eves receiving antibiotic, the trial was discontinued at this point
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and b subsequent cases of ideeration were treated withs hoth topical and
sestemic antibiotics,

Unfortimatel s the forad trial was ot conchisive: most cases vequired
and recenved sstemie antibiotic therapy for nonocaliae conditions duber-
culosis, respiratory tract imfeetion. gastroenteritis. eteo By ineluding pa
tents ontside the formal triad becanse they refased hospitalization:. obser-
vilions were avaldble on 22 uleerated cotegory 1 or locally neerntic
wcatecony O corneas nnesposed to either topical or svstensie anibiotics. All
bt two 9 Diealed mpidhy and uneventfully on syctemie vitamin A ther-
apy onfvs One of the two exeeplions case 200 0500 was adready discussed:
the other contamed s adeer - category 1 that had enfarged by the nest
visitoat dav 4 bt hedan to resolve spontaneonsly by day 6.

Observations ol the noninfected appearance ol inost uleers, the heguent
absence of bacteria and fungi from areas of stromal dissolition stadied his-
topathologically - and the rapid heaing indueed by vitonin A {156.246] and
retinoic acid 2207 see Chap. 130 combined with the previons observa-
tions sugaest that local hacterial wnd fingal inlections rarely initiate and
only occastonadly contribute to serophthalimic uleeration or meling. How-
evers there is no rewson why wleerated o perforating lesions shonld noi
hecome secondarily infeeted TISH 218 and even lead. on oecasion. to pan-
ophthadmitis. Bt even Pyendomonas - which releases proteases {249 and
evotoning (250]0 attraets collagenase wnd proteolvtic enzyme-producing lew-
hoevtes 12231 and can cuse rapid corneal melting Tas o ditferent elinical
appeirance: whereas keratomalaeia ccategories 78 imvariably spares pe-
nipheral cornea, Pseudomonas vecovnmzes no such limits 1232]0 Faen when
Psevudomonas or other pathogenic erganisims are more frequenth enconn-
tered inseverly verophthadmic eves of malnourished ehildren [2143] this
wan merely represent a potentially transient chimge in Horae saehr as that

abserved sunonyg burn patients [201].

Systemic factors

I ceneral. the more severe the serophthalmia the poorer the vitumin A
FI2.136.151 252.254]0 protein [H2,131151], and antlopometrie [32.71,
2550 status, and the vounger 132,34.256.257] and sicker [32,258] the pa-
tient, But fes studies have distingnished among varving forms of corneal
involvenent {35.136].

Stody 1 adlows s to exaine the relationship of each of these parine-
tors to corncal involvement, and establish their significanee tor nleeration

and necrosis (234,
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itamin A and pootein status

Vitamin A status. v mnber of obstacles preclude precise estimation of
civenlating Tevels of vitimin v and holo R8P associated with the corneal

chinves observed inocach caee,

o Becanse of couupmeent Lalomee rontial it v and or holo-RBE determinations
are ot avadable onall patients Foradele dilterent itemns of equipment faile 1
at dilterent times o that bl vabiees oncadmost all cases are included inone

or the other analvas

20 Some patients tecened vitimnn v hefore presenting o the stady. oo most in-
stances this s an ol meable igectable: preparation Taving Tittle effect on
sernne levels bt two case s wath the hichiest Tevels oy cronp 7082 g dband 13
e db s and one in gronp 2 showang the hichiest Tevel in the entive sevies 21
pedl were wmonyg them. These are induded in the tables, Two cases. hoth in
wronp S were known to have veceived oral vitaming A therapy owhich bas g
tmeohed cllect on s Tevels just prior to presenting to the studs. and are
theretore exchided from the analy s,

3. There s alwans the posability of Liboratory crrors even when equipmient il
i~ not recogiizods or ol the patient hiwing veecived therapy anbekiown o the
v esticators. Ce or the other of these factors was sospeeted in fwo cases: one
casean Gitegory 60 had aseri vitamin A level 58D remaoved fran the mean
bt stll below 20 e 3T e dl and s vetained o the analvses, the other, in
catesory T hud woserumn vitiming A level grossh ont of raee 32 e dby T was
68D from the e and hicher than any value obseryved anong cases of Bitot's
spots or normal watched controls. Both eves were injected. The veht cornea
contained o class cal eategory b sancer-shaped alece without inhltrated or swl-
fennmagins s whide the Jeft cornea wis completely neerotie exeept cassicallvi fon

A bon periphord zomes This single case swas excluded from the analysis.

With the exeeptions listed above, sernm vitimin A evels were de-
prossediin adl cises of cornea involvement CEable 6-600 T fally 755 it was
below 10 pardl and in 95% ., below 15 pecdl Only the case that ad ve-
coently received ansoil-miscible injection of vitunin A was above 20 @t
horderline 21 waedh. By contrast, ondy one-thivd of cises with Bitot's spots
and fewer than 1000 of randomly sampled childrer me Study T had levels
below 10 g dEorefer to "Tuble 2-20 Tt appears that dn our Tiboratory) frank
corncal imvolvement is uncommon at serum levels above 15 pyddl,

Mean serum vitamin A fevels were severely depressed inall forms of
corncalb involvement and the more severe the involvement the more severe
the depression o 096370 - 000 The only statistically significant
“hreak™ or difference in seram vitomin A levels among subjects with adja-
cent categories of clinical severity was between those with uleers (group -

and those with localized necrosis cgroup 61 ip - .01,
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Table 6-6. Serin vitwmin A Tevels i corneal seroplithalimia

Pereent distribition In

. sernn vitamin A Jevels poedh

s
Cateon an S0 011 15 14 =20 E Sk
[} 26 61.5 2649 o 3.8 h (LY
[ 32 (AN RAN 3.0 0.0 7.2 0.70
6 25 oo 1.0 1.0 .0 3. 0.72
TN 15 S0.0 20.0 0.0 0.0 n.2 1.01
Totul oS LD 204 4.1 1.0

U Hepresents wostee ordedine case s svitbanin A ol 21 peeell,
e 046 pe 0]

Prom Sommer ef ab B9

Thus. every subject with frank corneal imvolv ciment had o Tow serm
vitimin A levels the degree of depression was correlated with the severity
of corneal involvement. and a statistically significant difference distin-
cuishied the transition [rom nleers ccategory P to focalized necrosis ceate-
cory 60 Differences iy sermm vitin A Tevel do not soclearly explain the
transition from corneal verosis cctecories T3 to aleers ceategory heor
from locdized category 60 to ceneralized necrosis ceategories 751 Kinning
et al 11367 also fonnd the areatest change in sermmn vitamin A hetween
cases with “mild moderate”™ uleers and - those with “severe aleersy
heratomalacia, While: Oomen [35] reported no significant difference in vita-
min A levels hetween pitients with corneal serosisiuleceration and those
with heratonudacia, dilferences in definition. Taboratory teehnigne, and
protein status probably account for at Teast part of the diserepaney.

Holo-RBE Tevels clable 6-70 see Figo 1321 and 1320 conlivm the severe
depression of civenlating retinol in patients with active comeal disease. T
comtrast with serum vitimin AL however, there was no correlation between
sernm holo-RBE levels and the severity of corneal involvement, “This may
represent limited precision of the holo-RBP assay technigue. On the other
hand. some Torm of vitamin A unlinked to RBP may be physiologically
active, accormting for the variation in corneal severity and its correlation

with total seram vitmnin A,

Protein status. Serunn albumin and transtervin are nsefal indices of basic
protein statns. Sernm trnsferrin. responds wore rapidly than albumin.
which has a halt-lile of Tt davs [260] to alterations in diet [261-263]. Both
are more stable than prealbomin [261.264]1 With a half-lite of two to three
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Table 6-7. Scrinn holo-KBP in corneal ve-
rophthahnia Stadv 11

Holo-RBIP (ueanh

[QATYES
Iiles o 1 D
1-3 38 113 0.22
[ RA 1.00 (123
[} 15 1.33 0.31
T8 [B] L.o7 0.2

From Sommer et al, 12391

day s preatbumin [265,.266] is very sensitive to acute. moderate alterations
of proteinc intake. even inwell nourished individuals [261]. Retinol-hinding
proteincwith achalt=ike of only one-half day 265,267 265 and dependence
o retinol stores is an even fess appropriate index of basic protein status
than prealbumin, especially in vitemin A deficient populations.

Serin albimin and transferrin levels spanned a wide range (Tables 6--
S 69 Unlike seram vitamin A Tevels, they were relatively normal in a
siibstantial proportion ol cases, including some with severe disease (cte-

1

aories ;oY

Cove 2004003, exehded from the formal sevies heannse sarring and vasenlarizi-
Bon b the et totally destroved comea was already advanced., provided additional
cvidence that severe xerophthaliia s compatible with normal protein statis. One
wenth previonshy the child deseloped fever and elosed is eves. At presentation,
e neht comew had by pical punetate keratopathy bt was cear to handlight esam-
o Conpunetival serosis vas present temporarily nasadly ol Sermn vike
e A ee dband holo-RBE O gl Sevn teaslerrin was 183 mg/ml and
b conmistently 3.5 wdl over 2 weeks of observation.

Fable =50 Sevnne albaanin lesels i corneal serophthalmia (Stady 11

Pereent distribotion sevwn albimin (w/dh

Chses 3.4 2.9- 2.4-
Categony in =35 3.0 25 2.0 20 it Sk
13 33 335 310 245 3.8 1Y 3.20 Kin
(I I8 29.2 45 25.0 6.3 1.2 3012 08
H R 273 273 36,1 6.0 3.0 3.07 A
TN 25 20.0 1.0 25.0 14,0 4.0 2.65 A5
Fotal 154 29.6 2.3 Rl 1.3 3.1

Mean levels ot categones 16 78, peoOL

From samuner et al 12591
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Fable 6=9. Servm tashenin levels s corneal sermphithahnn Stady 11

Percent distribution transdetn mg db

Clases 14t 114 4y
Cuategon 7L 2K 1) 1N} 1) S o0 Jt SE
13 n a2 12,5 170 125 21.3 1510 131
[ 15 17.8 178 B 13.3 20.0 125.6 12.0
6 30 206.7 13,5 20.0 16.7 233 135.4 1808
TN 22 .l 1.5 4.1 273 S0 7ol 151
3.

Fotal 141 213 13.2 RIVE 16.0 2

Mean v el e categnes 1607 Sop 0l

Froon Somner ot al [209)

Mean albumin evels were inversely related o the severity of corneal
disease Fable 6:50 Althongh the trend is not statistically significant. the
transition between local and total corneal necrosis is (eategories 6:7 and
G:78 hoth p 010 This is consistent with results veported by Oomen
1350 Mean transterrin levels among patients with localized necrosis cafe-
gory G were also significantly dilferent from levels among those with more

severe disease (708 Clable 6-9v g 0D,

Vitamin A-profein inferaction. Ex, Sined inisolation, differences in cirea-
Liting levels of vitamin A lrgely explain the transition from corneal nleers
witegory b to localized necrosis eategory 61 and differencesin-protein
slatus the trmsition from local wategory 63 to total (categories 7-8) neero-
ws. However, while Tocal factors. such as those already discassed e
quality of tear lilm, abrasion, inlectiom), may kgely account for the tran-
sition from corneal serosis weategories 3 to uleers ceategories - 51, these
analyses ignore potentially important interactions: betwee s vitamin A and

protein, diseussed in Chapter 7.

Ave

Patients ranged in age fron T month to 12 vears, the vast majority (829)
hee in the second through filth years of life with the median during the
third CFable G-100, The one-month-old presented with severe bilateral se-
vosis and complete dissolution of one cornea. His mother claimed he was
born vith Bito's spots. Althongh his mother was free of clinical disease,
her scrnm vilamin A was only 13 pd] The oldest patient encountered
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Table 6100 vee distibation of corneal cases (XX Study 11

Age invears (pereent of total i rows

Cases

Fike i Y ! 2 3 ! 5 EY
| 24 0 b 21 33 21 8 b
2 2 t 13 42 17 17 b A
3 5 0 0 ) 20 20 0 0
! 45 A I 12 16 13 ) 4
5 a " 0 60 10 0 0 0
6 By 15 24 29 15 15 3 0
D 13 23 31 23 b 15 0 0
5 12 17 25 5 17 5 b 17
Total 162 T 15 $3]

14 15 6 A

From Sommer et al, [196]

was i 2vear-old scoman with aronp-2 Tevel corneal xerosis in cach eve
examined prior o initiation of the formal study [ 1O4],

The proportion of very voune children was diveetly related to the sever-
ity ol corneal involvement (Fig, 8200 - 001 for Jinear trend). Although
nleeration and necrosis were encountered in preschioolers of every age, not
asingle case of pure corneal verosis wor active conjuncetival serosis) pre-
sented during the first vear of life. As this was e clinie rather than a rep-
resentative: population. some of the difference may be one of veferral:
mothers of neonates may he more likely o overlook milder forms of dis-
case, The nmber of cases of active cormeal disease encountered in Study
Vs too small toanswer this gqnestion under unbiased field conditions. But
onh 1ol the 338 cases of Bitot's spots encountered wmong preschoolers in
the conntrywide survey was below T vears Liver stores among very voung
children may he partienlarly inelustic, henee when vitamin A deficieney
and sevophithahinia occenr. they rapidly assnme a severe form,

Clinical . yotvitional, and anthropometric status

Weight for height (expressed as pereentage of “normal™ standard) is o con-
venient measure of adequacy of body mass (or inadequaey. designated
“wasting It is a better index of carrent status than weight for age, which
mav be alfectea by past episodes of growth retardation ¢stunting™).
Althoneh normal weight for height is compatible with all forms of comeal
veraphthahnia Ctable 6-100 the more severe the involvement, the more
prevalent moderite to severe wasting (- 80% of standard, P+ .02 for lincar
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70 -

60

CASES BELOW AGE 2 (%)

-3 4-35 6 7-8
CLINICAL SEVERITY (corneal file)

Fig, 6-2. The proportion of cases bedow aee 2 increased divecths with the severity
of coreal involvenent - 00T for dinear trends Stady 1 Do from Samimer

etal 1T

Table 6-11. Weight for height of serophthalmia cases (Studies D

Percent of standard ®

Clical Clases SO 70 G0
severity ! n 2240 hiJ} T4 1] 60
Conpmetival A0 62.0 30.40 Lo 2.0 2.0

Corneal

ceategonry

3 a3 3201 30.2 30.2 3.8 3.8
PS5 19 0.4 8.8 n7 8.2 00
B 32 12,5 R H0.0 0.0 3.1
TS 25 S0 25,0 21,0 21.0 16,0
lotal 154 2008 KR 3.0 D 4

P Conpmetival stamn A responsie conjunetival serosis (Stwly U,
2o Adapted Bone Jellilfe £15718

Dulerence i ditnbnnon NTas N2X3 p 00l and N X2 pe 00 Degree of wasting correlated with
severi ob carneal mvolveoent, e 02 by haear trend

From Notner b al 259,



CORNITAL INVOIVENIENT I 103
70 F
60 -
50 |-

40

PEDAL EDEMA PRESENT (%)

1-3 4-5 6 7-8
CLINICAL SEVERITY (corneal fie)

Fig, 6-3. The proportion af cases wath pedal edema mercased with the severity of
corncal ol ement ceategories TG T S0 pe 050 Stady T Dewen from Som-

mer et al [ 19Th

trende. The krgest tinsitional dilferences ocanred between nleers ate-
gories -5 and Tocal necrosis (category 61 and hetween local (eategory 6)
and total weategorios T-8) necrosis, thongh only the Titter was statistically
sienificant (p- .0,

Pitting edenmiac was present in 306 of corneal cases (Fig, 6-3), As ox-
pectedits prevalence generally mirvored the pattern of allimin and trans-
fervin levels, Although the prevalence of pitting edema in categories 7-8
was not statistically significantly different frons that in 6.4t did diller from
that in cdegories T-6 as a whole (p - .05 Interestingly . there were difler-
encos within major gronps: categories -2 gnildamoderate X200 (1166
Vs 3 severe N20GOO (p- 0D cmiphasizing the presence of junctional
dehy diation i childen with the devest comeas and highest prevalence of
minimal to-absent tearing despite edenn and category 2400 v 5
SO0 e 02,

Slotditis was present in 219 of cases. withont any consistent variation
I tope or degree of corneal involvement. Cheilosis was present in only

two cases, hoth in category 6,






Il Risk factors and associations

Fess s hnown abont the epidenologs of verophthalimia tua about its olin-
ical noanitestations. 1o o Love dearee this reflects the diflieultios inherent
mecondncting properiv orcanized population:hased stadies. Although care
mist oln mu\h he taken in 4'\l|‘||ml.llin'_', t'|mlv|ninln\_:u' dati from one com-
momity to oeother, e nany mstances it is not so mach o question of un-
covering new assochdions as ol confirming and quantifyving those already

stespected on the hasis of elinical obseryations and aneedotal reports.,
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7. Nulritional status

Hhe oreanan s ok of ftsoluble v Lactor of swhieh seraplithahinia o the
charactenstio ssmptom. noay eerelore anse panthh fronecdelicnent sapph
tHheat s food poor e B soluble y Lator o diseases of the dheestive
traet which hinder divtion aned the absorption of this Lactor aed partly
from increased consmmption dunme the perods of crosth and o wasting
mdections,

Cob Bloch. 1924

ICis doabtinl whether o deficieney diseise ever ocenrs uncomplicated in
Hran or ainds
IV MeColliom, 1925

Vitamin A status

Stnee veroplithadinia s an evpression of inadeqguate delivery of vitamin A o
tareet tissues it mieht be supposed that sermm vitoin A levels conld pre-
cisel define mdividoals withe and withont elinical discase. For e variety ol

resons Hos i not the case:

.

Lo Faeptat very Jow Jevelss sernmi vitaoming AL currently the only practical
method of assessing vitimin A stados s oot e acenrate rellection of
P51 06, 260 272

body iver stores

20 0uh some of the vitamin A in the serom s carried by thie physiologic
taasport mechanisnes holo-RBP L and this proportion may vy
61216

S0 1he dlinied Tadeguaey T of hody stores. or even cirenlating levels, will
dvpend on demand.

Fothe ability o respond to varied demands depends not only on vitanin

\ stores bt also on potential retinol corving capacity gprimarily ade-

quacy ol protein svnthesis,

For the above reasons, innate hiological variation. and perlaps as vet
minrecovnized Fretors, there s considerible (:\('rl;lp of sernm vitamin A leve
els hetween nonnal individuals and those with mild (XNNT verophithal-
i and between cases with N2 and withont (NTXNY comneal inyohe-
ment. Nonethelesss the presence and severity of dlinieal disease generally
correlite with mean vitamin A levels reler to Tables 2220 3220 6.6

[30.35.60.205.253.25 4 and it is possible. within certain broad limits, to
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define levels below which serophthalmia hecomes especially frequent and

SN e,

Noncorneal vevoplithalmia N TIXND

The vast majortie 30 ol preschool children with nichthlindness andfor
Bitot's spots in the Stady 1 licld area Baed serum vitimmin A devels below 20
pe dl ee Table 220 This seems Tike a reasonable cut-ofl” for mitd ve-
rophthalmia - HE had devels above 15 padls which i therefore far too
insensitin e cnt-oll - The prevalence of XN NTB among children with vi-
fmin A levels aboy e and befow 20 g0 dl was 1205 and 9.7 vespectively,
Thee visk of AN NB anonye chifdren with Tevels helow 200 ped] was theve-
fare cicht thnes the visk among those wilth hivher levels, even when the
random sample s aee .l(l_ill\h'(l to the abnormals.,

The sihiation anone matehed controls, Tiving in the immediate vicinity
ob i et e case s somewhat difterent. Their vitimin A levels are lower
Goeno e the sandons wanple as aowhole see Table 2-20and @ lrger propor-
ton s probabily at sk of eventnal sevophthadmia. The velative risk of ¢lin-
el serophthalinee calenlated by the case-control tedmique appropriate to
hese dit 74 s therefore somewhat lower: children whose vitwmin A
bvels were below 20 e db inenrred 3 times the rvisk of XN/NXTL as com-

pared to those whose Jevels were Bicher chable 7-1h

Table 7-1. Calenlation of velative risk of mild
serophthalmiac NN N1 unone childven with
vitmin A Jevels below and above 20 e dl?

Serum Nuher inecll
vitiin A
saeidb NN NI Matehed control
<20 230 151
=20 35 5T
Total 268 268

230 NT
G dsh

o

Relative risk:

1 Case - Control analvas of abmoraals anghblod and-or congnne:
tval verosist and oatehied contiols e Study T Ondyimedudes
paived abnotmals and contrale Anadvas of abmonnals and ran-
dom sample ot matched fn nevghibothondy vields bigher sela-
tve sk, 5 1
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Similar calenlations applicd to data reported hrom the Phillipines {273
and Sei anka [274H reveal comparable relative vishs for NN/NTB.

Corneal verophithalnia

Mean vitamin A levels in cases of vitaming A responsive conjunetival xerosis
cee Fabde 5220 were significanthy higher than in cases with mild (X2) cor-
neal disease oeler to Table 6-60p - .01,

I our experience aind ihoratory corneal diseass (X2/X3) s exceedingly
fre at sernm vitamin A levels above 15 peedh (see Table 6-6). Based on
the 16 matched pairs Stady 10 for whom blood samples swere available,
childhen with it v Tevels helow 15 pedl inenrred 349 times the visk of
active vorneat discase as compared to those whose levels were higher.

Relative vish canalso be cadenlated. in less matched fashion, by compan-
ing the distribotion of vitamin A levels among all corneal cases (Study 11
i 98 and the randomly sampled (Stady D popolation (e - 2680 The re?
sults e essentiallvidentical: the velative risk of active corneal discase
among those whose Tevels are helow 15 pe/d! compared 1o those whose

levels e haehier s 510

Hypoproteinemia

Nomerons reports attest to the freguent association: between hypoprotei-
nemia and serophthalinie espeeiallyits Dlinding form [31.3 10275 In the
Indonesin studies. sernm albanmin levels were inversely related to the se-
veritv ol serophthalmia e Table 6-510 Mean serim albuomin in vitamin A
responsive conjunctival serosis Stady TTH 3063 ¢/d] (SE06) was signili-
canthy hicher than e corneal serosis X210 Study 1D - 00D This is es-
peciadl meaningtu}d Becmse the children presented for their eyve com-
plontsmd notas i frequenthy the case for their madnuatrition. Alhumin
and tansterrin levels of corneal cases (Study T were 005400 0,13 w/dl
ne 32 pairs and 1S 22 medbac 20 pairy respectivels . below those off
thenr matched controls oy - 0015

The vease controb relative visk o corneal serophthidmia for children
whose sermm albumin Tevels were helow 3.0 ¢ dland those whose Tevels
were hicher is 41910 the sove as that Tor vitimin A levels helow and above
15 peedl But whereas 93% of corneal cases had seram vitimin A levels
helow 15 e dl only 7000 had serom albumin Tevels helow 3.5 g/dl The

more severe the discase however, the greater the proportion that did (see
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In ot at leasts preatem deficiency can abso mterfere with vitannn v st
ave e the Iver 12500 2520 This oy esphion, b Teast i parts the fransiend
natiere of the climed vesponse i some of onr persistenthy severehy Tivpo-
protemerine patients Chap. s

10 hleh sl addional mechamisms evist by which protein deficiene
cvacethades the clects ol vitamin v dedicieney and that the imteraction be
twecn e fwo deternmes the relatne adequacy of vitonin: A metabolism
ol Luect colls Prease estimation and corvelation of protem and vitamin A
statie neht cesadt o mathematieal model defimos this velationship and
dsticne e fevels of vitasine A Cadequaey T assocated witlh eacly of the
climead climees obserseds Ancapproach to this problens is possible with the
sertn by e otamie v datiat hand (Stiedy TH 259,

A alrewdy noted S Chape 60 sernm adbiminge and transfervin are uselul
meicres of Baselme protein stdus, but seram vitmiin A is not necessarily
ancacenrde rellection of vitamin A sGduss sern vitanin A may be little
atered by chimges o liver stores [36.540.253) may be aftected by other
diveases 1269251 and s olten eelited Lo protein status. Althonel the cor-
relation hetween sernmn vitanin A and protein is generally aseribed 1o the
mmportunce of RRE synthesis for retinal transport. we have already dis-
cosed chinicadv cenificant variadions inosenom vitmin A among patients
wille corneal verophthabnin in e virtiad absence of detectable Jesels of
holo BBE. Posabh ander these estreme ciranmstances sernnn lesels ol vi-
terne A et ester and or heee retinol provide o reasonably acenrate
mdes of phivsiologivathy wnvailable vitaming A stores,

Foomvesticate the iterrelationship hetween vitmin A and protein sta-
tec chncadly vormal matched contrals ind cases of mild to moderate (eat-
coones 10 and severe aeategories 60850 corneal deeesse, all from Study 11,
were mdicdiadh spotted By their seram levels of vitonin A and albumin
Fre 70 The overlap betsween abnormals and normads, when vitimin A
ad b e convadered independentls of one another. vivtually disap-
poars when the two e considered together, The difference is most pro-
nonnced nd Lovadimes evident or corneal necrosis, Fienre 7-2 indicates
that these Bondaes Told ap reasonably well when tested against a lrwer
sarnpdeob chiseally normal elaldren fronn ac different populiddion imatehed
cortrols and tavdone scaanple from Boand 10 Stady 10,

Howvepresents more than e tendeney for dicts poorer in vitwmin A to he
poover i protene e el 2850 A every vitamin A level 13 19 peddtl 10
e dl and 10 o dl L the distribution of clinically normal childeen.

cases ol ald to moderate N2 N30 corncal serophithalmia, and cases off
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caves of vitimin A responsive conjnnetis al verosis. Stady 1L

severe N3B cornead disease across these homdaries are statistically signif-
icanthy diterent from one another ¢p - 001 for cach comparisonn. Although
this lincar model is indoubtedly w gross simplification of @ more coniples
relationship. the distribution of vitaming A responsive cases of conjunctival
verosis CStudv 1T across these same boundaries (Figo 7-300s also statisti-
cally significantly different from corneal cases of corresponding seram vi-
Lanine A level P 004wt 100 1 padl e 001 at - 10 peedh,

Exens when standardized for seram albumin. sernm vitimin A levels
among cses of X3B are significantly diflerent from those of milder cormeal
discase CHable 7-20 The significanee of vitamin A protein interaction in the
development of corneal necrosis (X3BV is readily apparent from this same
set of datie 11 comeal dissolution represents severcly depressed vitanin A
metabolisne patients whose protein statos is relatively normal wonld need
to he sererely vitumin A deficient: those onlv moderately vitunin A defi-
cient wonld need to Le severely protein deficient. This would prodace an
inversion of the correlation ordinarily observed between protein and vita-
min A status, Snchin Fiet was the cases the slope of sernm vitamin A on
b among cases ol X3B (categories 6-8bis necative (p - 031, and sta-
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Table =20 Abeanin-stndardized sermn vitamin A levels

Clinical Chssification of individual !
Ahamin

categony N2 NI3A Nl
! Nornial wategory 1 eategory 4 wategory 6-8

3300
Ninher 10 9 7 6
Ahimin i 3.8 3.8 3.7 3.8
Vitamin A gt 19.6 7.8 5.4 3.8
SD T 3.5 3.2 2.0
23 38
Nunther 10 11 12 !
Abumnin g 3.3 3.2 3.2 3.3
Vitinin A gt 145 5.9 9.2
S\D 3.7 3.2 1.6 2.6
C 30
Numhier 3 b T
AMbuimnin g 2.5 2.7 2.4
Vitamim A [ 3.3 S 6.
SD v.3 < 2.6

1 Normals random sample oStady 1
setitin b S among X significantls Tower than that amome X2 and N30 at athmin levels of #3.00 31
and 2353 d0pe

Fremn Sanmer et al (234

tistically significantly different (p=.01 from the positice slope in normal.
randombe sampled childyen in Round 1, Study 1 (Table 7-3). The signs of
the slopes for milder forms of xerophthalmia, where vitumin A metabolism
v Tess severely depressed iproviding room for greater interplay hetween
these two fetorse are indefinite

This may explain why seran carotene levels are sometimes higher in
verophthahnic children with kwashiorkor than in those without 1341 he-
cats + of their better protein statns. vitionin A intake s reflected v caro-
tene ovels st be more restricted in the Tatter aroup for them to develop
verophthalmic [0 also aeconnts for the severest forms of verophthialmia
Being commmonhy accompanicd by protein deficieneys and for calier obser-
cations 59 that serophthuadmia was generally limited to severely nalnonr-
it mdivacdhals anless primany vitamin A deficiency was widespread and
coveres Stuhe 2560 oond that andy rats concomitunth starved of hoth pro-
e and it A developed Reratomalacta,

Vo hiolo BIBP i severly depressed in alt forms of corneal xerophithalmia,
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levels wanone o subsample of childven with moderate to severe comeal e
sions were below those of malnonrishied chinldven swithont eye lesions . while
the prevalence of dinical edenie and e protem valoes e never
stated. Fandra (1S simphy did not vecoonize elimicdd serophithadinias Am
doubts on this point e dispelled by Tis own histopatholocic studies: frank
Kevatindzation was proesent in b fease Toue of e tenc eves exained fron
children sad to b frec of seraphithiadina

Clronic protein delicieney may o e a paradosical effeet ons vitamin A
status by iohibiting crovth and depressing the metabolie vate 1291 it n
conserye evisting stoves (15629240 Protein-deficient vats otilize RBP at onh
Il to tswosthivds the nornial rate 122932900 Tence a child with depleted
storesis inca precaiions bhalinee: ans g that imcreases vitiin A de-
namdss incliding cprotein-indneed arosth spoet [TSE can precinitate elin-
wad veroplithabnie Gopakin 130 observed nalnonrished chitdren fed
vrotein-vich dicts develop serophthabnia and Bloch 11767 attribated  the
seasondity o veroplithalmie ine Demnark to demands placed on limited
vitenin A reserves by thie spring erosth spots This is the reason for in-
cisting that shinnmed milk poscder used by food relied procrams be fortified
withe it A (2950 Where vitamin A reserves are adequate. protein
feeding probablv inercases retinol carryving capacity sufficienthy quickly 1o

acert ocnlar disaster,

General nutritional status—height and weight

The eastence of “Fat-Soluble A7 was first recognized by its effeet on
crosth Yonng rats made vitamin A deficient fail to grow normally, or
even to nintaon their original weight 12322310 and only subsequently de-
\(‘I(l]) l»(ll]‘ll ('ll.lll'_’('\ Ill-)

Do Conignes unplamed Tronan experiment,. Bloeh [30176] observed the
s sequence e childrens orpluans who developed serophthalmia had
Liled to o weight during the preceding winter. in contrast with their
nomserephthalimee peers who hud consumed diets of simikio protein and
calore contents bt hicher it A Addition of cod liver oil to the diets
ot veroplabidinie chuldren vesalted i prompt disappearance o their
cve desions and ancmercase ins their weight. Bloch was so straek by this
coanation he ternmed the disease “diostrophiacaliposenetica™ “dystrophia”
for the <tuntime, “abipozenctica” bhecanse it arose from the lack ol a sub-
e prosend e some fats,

Chdinanly the velationship between growth and vitunin A status is more
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comnplen 1 may reflect anassociation Detween vitamin A intahe, calorie
and protein intaheand e prevadence ol infections discases, as much as it
does ann wros thepreomoting, properties o He vitnin, Most of Mori's (18]
pabients witle CHikan” were anderweiahit But they were also iy
which sngoests it calore and or protem debcienoy may have heensa
Lntine Lo tor Blachbon s 100 Ghsen b ot hereht and weehit were
Db o] and cossation: of hone wrowth conon awere nade on clnl-
Gren with i b Climeal evidence of vitwoaing v deficiences and
it severe ceteradized madnntetion and or sestenie iliness te reach
antopsy D most earle cimead reports, verophihahni was Tagely confined
areverels nahontshied mdiocdnadse E S IT 20396577 and the rela-
D pazeity ol cases ol rnld et a mvolement soagests that priniary v
Come A deficieney man bave heen nnconnmon and rareh severe, Ten
Docschate 71235 and Oomens 350 both reported that nadnutrition par-
Jlels the severity of corneadd imvolvement. and Brown 275) found that ¢hil-
dren hospitelized i madnntition ward with verophthalimia were even
eove ndnonrished B wershit or age ad weightior height than similarly
Bospitalized childrerowithont chnieal evidence o yitamin A deficieney.
Whatever the rebdive imfiencee of these varions Lactors, data frome i
donesiesizeest hat serophtbadmiais more closeh assoctated with stunting
o seastine, bt tat e Litter, which can e assessed without recourse
o e e neelnd i dentifving individuads at partientaely high visk of corneal

s oy eent.

Wostinge

Becanse l is seli-correcting for stunting. “weight for Tieight™ s apractical
means of assessing  degraey o aente nutritional statos,

Vinone 159 of 162 cases of corncal disease in Study 11 in which weight
e heioht were recorded. 165 were at Teast moderately wasted o S0 of
Woeestern standards 129 severely sosee Table 6-11 0 The severity ol wast-
e was oreaber comong corneal than among noncorneal cases Study D
el mereased sath the severity of corneal involy ement. The pereent stan-
dad weraht tor heieht anong corneal subjects wase on the average.
15 2050 helow that of their matched controls = 32 pairs. p 001 The
cccomtrol relative sk ol cormeal discase among children with a weight
tor heteht Tess than. vs “equal tooar aeeater”™ thane SO of standard: wis
v

Boeadts of the more representative. but e snialler. sample from the
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Fable 7=3. Dostabution weight for Tieight beaoeiles of standard? iStady 1V

Distribntion by decile
percent ol total:

Ao “linical Total

Litals classil’® n 56 T 5 =)
! NI 25 12.0 20.0 240 440
A 2 5.3 22 62.5

N 5350 1.2 51 3.1 564

2 NIB 70 - 43 35.7 0.0
N 64 1.6 i R 26,6 67.2

N 2704 0.5 4.3 RUN 647

3 \IB 94 1.1 3.3 23.4 0.2
NG 514 - 2.4 RIS Tt

N 3773 0.3 2.3 0.5 T6.5

! \IB nt - 1.4 15.7 82.9
MO 37 - - 20,9 79.1

N 3327 0.3 1.4 18.3 S0.0

3 I8 47 - 1.0 10.3 88,7
NG 98 - 15.3 ST

N 6425 0.3 1.6 20.6 T

b standard awedapted frons Jellite L1747 with extrapolaten down to 45.5 em.
2 MO matched contrals, N all normat children.

el associated with inereased wisting, The mean weight for height CTable
Tt of subjects with Bitot's spot. and distribution of their weight for height
b deciles Table 730 were essentially identical to those of their matched
controls and othier normids ins Study IV They were alsoidentical o those
of canes of vitamin A responsive conjunctival xerc i in Stady T dor whom
controls were never reeruitedn

Canes ol Bitot's spots i Slml) IV weichied Tess for their age than their
natched contrals e 0.6 ke pe 01 but the difference is related to their
Stonting and not their acate nntritional statos,

This ek of association between mild serophthalmion: and wasting Tas
Boecn reported i eross-sectional studies from: India [1S310 Sri Lanka [ 274
and Jordan 2965 Althongl there was insuflicient elinieal material to make
2 snnho comparison in Guatemalas exeessive wasting wis limited to- chil-
Jdien whose sernm vitamin A levels were extremely low o 10 g db (2971
vecent reports of nonverophthalmie children. suggests beta carotene in-

Gk in not asienificant determinant of weight corrected for height (298]
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Strntone

Unbihe wasting  bused onoweicht for heicht hieight Tor age rellects long-
termn aronvth bl is siseeptible to caloric ind protein restriction. severe
aostemic ilhiesses nd other msalts,

I comparison with then matched controls, children with active corneal
divcase in Stady T were ey stunted s the mean difference ine pereent
standard heiaht for age being 22790 0 27 pairs. p- 050 The magnitude
ol the difference e the dearee of “eseess™ stunting was inversely related
o the severity of corneal involvement Table 7-60p- 0010 This somewhat
stvprising nding probably relects the inverse relationship hetween age
and seventy of corneat imvolvenent see Figs 6-20 heing vounger. the se-
verer cases eaperienced inhibited growth for a shorter period and the of-
fects therciore were less pronouneed. Seventy pereent of these corneal
cases and 070 of their controls Tiad heights below 90t of standard for age,
and aorelative risk of corneal invob conent helow and above this eriterion of
2.6:0, Lovwver cutolts of heieht for ave inelnde many fewer cases of corneal
divease withont any significant increase invelative risk.

Becwnse of the vapid natooee of the conntry-wide sives s and maltiplicity
of methods by which age is caleniuted i the iy caltures examined, re-
corded aue in months was not considered sofficient]ls precise or reliable to
permit the vse of heicht-or-aee standards incanals zing data from Study 1V,
Fasteads mean hieight forage - invewrs was computed and compared wmong
the diferent clinical aroups. A in Stody 1 subjects with active cormeal
disease N2NS were clearh stunted g T-00 They were shorter, at every

aves e childrens with Bitot's spots. matehed controls ot the cases ol Bi-

Table  7-6. Pairnwise  ditlerence i pereent
standird height for age of corneal cases and
controls Study 1

Pairs i
Comparison i TR SI
N2-Mo S =395 RAH
N3AMO 10 -2.52 243
N3B-MC 4 1.62 1.56
Total
N-Me a7 -T2 1.27

e N9 pe 000D 1B = 5,09
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Fig, 7-1. Children who had active corneal disease were shorter for their age than
those who had Bitots spots p- .00 and children who had Bitot's spots were
Jonter than their matehed controls - 010 There was no significant difference in
mean height for wge bhetween random sample norngals and the matched controls,
Study 1V

tot’s spotst.and the rest of the popualation (- 0D, T contrast to wasting,
even mild serophthalmia (XTBY was associated with stunting: cases of Bi-
tot’s spots were on the average. 2.6 em shorter than their matched con-
trols op- .01

I Sri Lanka. Bitots spots were S more closely associated with stunting
than wasting [274) and in Guatemala [297]. children with severely de-
pressed serun levebs of vitamin A v+ 10 ge/dh were more severely stunted
than those with higher levels. In nonserophthalinie Peruvian children, beta
carotene intake was strongly associated with attained height (299,

The intimate association between serophthalmia and stunting, and the
absence of an association: hetween serophithalimia ind wasting texcept in
severe. N2X3 diseaser, i remarkably consistent with the sequence of

changes originadly observed in vitimin: A-starved rats [23-23.215]: they
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st stopped urowing onhe Liter e then vitonn v deioreney L Des
come severe did they Tose weichit Pespate anndtiple dictaon deficiencies
castroenterttis and other discases !\]m:ql of :Qw\:'lll])l!l‘.: contbries vitamin
v dediceneys per ses appears capable of Tuaoie o aenificant impact on
crowth and development. Converselv s shadever the napact of acnte mal-
nutrition wasting and it lien onoserophibadimie it appears o he linited

to cases of corneal im ol ement.



8. Contributory and precipitating
diseases

mweahdy il nonrished infants, conghic areat emaciation and uleera-

ton ol the corne ending in staphyvlona, are not nncommon sequekae of

lll('il\ll'M
MacKenzie, 1834
In .. taberendons meningitis, L infntile diarcheas oL meastes,
whooping conghie 0 bronehitis, . and malicnant varicelka

where there Lad been mie edanstion, the cornea was not infrequently
servionsly damaged by Lorge perforating nleers
Spicer. 1592

Although it is trae that in a numbher of patients the onset of clingeal signs
of vitouin A deficieney was preceded By episodes of Tever indections and
alimentary disorders, suclh episodes were apparently no more freguent i
children showing signs of vitonin A deficienes than in those of the sane
socto-ceonomic group not saflering from this deficiency,

Gopalan. 1460

Besides protein-energys mabhtrition (Chap, 7w nnber of discases have
trocditionally Lo en associted with serophithabmia. For sone, like evstic fi-
brosis 196 and chironic sl bowel disease [91.95.272.299.3000, vitunin A
nealabsorption is clearly vesponsible. For others, Tike Tiver disease, the ve-
Letiorship s more comples [112.35.193.300.3020 1t imay be doe 1o poor
dict 923031 impaired absorption [92.95.165,299.301]. decrcased cpacity
foc storing o transporting the vitamin (61931 arinaey loss [305]0 o the
nitfieence of concomitant diseases [30G]

Theassociation with infections diseases. howeser. is the most prevalent
e conples of b which is hadly surprising given the ubiquity of these
disciees s developing enltares doen of the century: Farope as much as
focboc s Thivd World and their intimate interactions with nateitional
statvs leeding practices. and oneanother. Xerophithalmic conmmonly oceurs
Ao withe respiratany tract infections [20032. 0071 155.307- 309, diar-
thea 90 L6 732701060121 tabercnlosin (2003515352731 ehildhoaod
cunthene clackenpoy and measless 127320570309 313]0 pertussis
202750 sewrletfever (509520 tvphoid (323101 mnadaria (351 and enceph-

shte g Fhictnations in serophthalmia incidence Lave been attribated to
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the seasomal occurrence of precipitating infeetions diseases: diarriea
1839106, 155,249 ) respivatony tract infections 13091 and measles ( L1y,

Ceneral and specific mechanisins evist by whicl infeetions diseases can
Alect vitmmin A statos, Some diseises cospecially those observed insearly
Fanopean reporte like dhironic diarrhea mesles taberenlosisemalaria,
and cocephalits o Tead tosevers wasting and debilitation 149, I7.20.32]
with accompanying protem and vitoanin A deficieney s dehyvdration. and
nndtiple secondary infections, Both measles and dyvsentery 1259 may pre-
cipitate kwashiorkor in children in borderline notritional status,

Serum vitonin A levels decline inoa variety of infections [272,
29729953150 sometimes by oas el as 20030 padl [315]0 In some
inclnces. the degree of decline is related 1o the severity and doration of
the mleetion 12990 Inpart this T serum vitimin A vepresents a non-
specitic response to fever 12993161 and may persist tor days alter the tem-
peratnre has retarned o novial [2991 I children with rhemmatic fever,
sernn levels droppad by 3000 when their temperatine exeeeded 100 F
3171,

Some infections have a particulorh pronounced affect on vitmmin A me-
taholisne Serom vitonin A levels are routinely depressed in vespiraton
discase (272299315315 Ordinarilv. vitamin A does not appear in the
urine. but during respivatorny tract infections enormous amounts 1in exeess
of 3000 TU iy iy be Tost by this vonte 2305.319.320]0 Respivatory infee-
tions o interfere with absorption: of beta carotene and vitanin A, Beta
carotene absorption: may fdlas nch s 500 8090 renning at this level as
fong as twowechs ater the Tast dav of fever [3005 Dictary intake ordinarily
capable ol raising sermm vikenin A may il to maintain preesisting levels
SISE Absorption of vitannm A administered in moderate amounts. ordinar-
i 90t or Bicher, e Ll o as fow as 30600 amean T4 321 The average
rise i serim vitein A levels e persons with tuberculovisg following o
nassiv e oral dosesis ondy half that in normals [5522],

Ditestinal infections have a simikar effeet on absorption. Absorption s
setioashv impaired i steatorrhea [323]0 in gastroenteritis not accompanicd
by fut malabsorption 132100 in chironic sabmonellosis [324] and even in
asviptomatic infecetion with paroviras and certain strains of L. coli [3253].

Vil evperiments: provide additional evidenee that bacterial andior
viral colonization coratfect vitamin A status. Vitamin A-deprived weanling
rals vaised o conventional surroundings grow for only a short period of
time, with cossation of growth soon followed by death. When equally de-
prived vats are maintained ina germ-lree environment. growth continues.,
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Abeit at credinced rates and they often saevive fonger [225.326.327 10 1t s
kel ot their available stores were consumed more slowls, 1 germ-free
rats are then eaposed to o conventional environment, vrowth ceases wnd
death cocaes ont i fed vitamin AL growth resumes and the rats sur-
Vive 320

Fhe mantade and vapidity o the Bdland subsequent recovery of sernm
vitanin A levels i chilldren with carions acute infections sad or feyver sug-
costs divect mterference with vitanin A redease and transport inaddition
to- the potential depleting affects of impaired absorption and increased ati-
hzation amd exeretion,

Coiven these interactions, it is casy to see how chironie respivatory tracl
infections and diarcheds by decreasing vitimin A absorption and incrcasing
s atilization oad everetion. wonld eventually deplete fiver stores. partic-
vlady in childven who eintdkee and reserves are limited to hegin with, And
it i evident it ehironic wasting discases and acute inlections. by interfer-
e with vitoin A release and transport. can o ecipitate serophthalmia in
children whose cerom vitamin A levels are alveady depressed. The dilki-
cilty lies in demonstrating that these infections actuadlys contribute to the
development of verophthalmia in a significant proportion of cases. I they
do such indections shonld be more common among childeen with vero-
phthalmia thim among, those watheut. But few stadies include a0 control
cronp o nonverophthabmic children for comparison Table S-10 I those
that doc vesults depend apon the manner in which dataare colleeted and
controls selected. how recent or acite the infection in question s, and the
severity of the seroplthalmi, For examples diarrhea swas present i almost
Al severely madnonrished hospitalized Jordanian childeen 1245) and so
condd not be more prevalent in one gronp than another, I precipitation of
severe protein-cneray malnutrition PEN s the agor mechanisnn by
which infection contributes to serophithalngia 2325 comparison with a con-
trol vronp of severch mabiourished nonverophthalmic children wonld ob-
senre this infhrence: this probably happened ina series rome Bangladesh
2750 Lasth s depending on the severits of underlving vitimin A deficienc
in the community s infections will play ac Leeeer or smaller role in precipitad-
ine chnical serophtladmine. Where severe bypovitoninosis A evists for
prrvels dictoy reasons . infection may not contribunte to as large a0 propor-
ton ol the cases as it does where dietiy Teprivation is more mild, These
fectors probably esplain the condflictimg v reported.

Coopalan T3 coneladed that infections were no more common in Indiin

chiddven wath than in those without xerophithadmia. The prevalence of diar-
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Lable Sob Presence of anasociation: hoetween childhood infections and

e tephitbdina

Cuongh Diarrhea honned
Study U'RI Gl Measles TH Wortos
Hoaoehudeh
Catatemla
207! . '
Philippones
‘_‘-‘ ¥ + +
Tovdan
U i \
Indomiesia
A . ] ,
AP . . . .

theas enterie infections. pneumonia, or tabercalosis was the same inomal-
nonrshed hospitalized Benaadi childven with and withowt serophthalnia
thoueh “one or more negor infections” was present more brequently in the

former O3 v T 2730 Fover, respivatory tract infeetion. and vastiroen:
tertis were all wore Breguent amone those: Guadenmalan children with i
tame v Levels Below 10 e dl 2075 Tuberendosis and \‘ll()(l|)i|lL’ congh
were more frequent among Filipino children with than withont mild
NN N verophthabme Bot diaerheaand measles were not {27310 4 history
of recnrrent diirhea bt not respivatory tract infection. swas niore com-
mor i Jordanim clildren with than amoene those without serophithalmia
'.2‘."»

I Tudonesias where the vole of infection swas examined from several per-
spechives: diarheas vespintory tract disease, measles, and worm inlesta-

tons were i asociated with serophitladmia ssee Table S-11

Drarrheargastroenteritis

Ditterences were ot as prononceed Tor elinically detectable gastroenteritis
as fora history of disorhea.

Controcnterins was diaemosed at initiad exaomiation in 270 012500 of chil-
dreen st responsive Bitot's spots Stady T and 790 0T IB6Y with active
corneal discase Stady 11 whose records contained 4'n|n|)|('h'(| |wt|i.‘|ll'i(‘
evanation 900 of the total A these vesults wonld saeeest. the preva

fenee ol waetroenteritis did not vary with the severity of corneal involve
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e drarthedd Bistories of mades and femades inany of the disease catecories,

Snce e assocration: between Bitor's spots and diandhiea was arcatest fon
the week nmeditel preceding evanmation when e magority of Bitot's
apots were likels 1o Tave abready been prosents we must suppose that the
rnderlvme vitomin v deficeney contributed to the diaerhea, ors more
Lkeh . the reliabdite of s Tostorical data declined with the diration e

tween the event and its recal

Respiratory tract disease

Clincally detectable yespiratory traet discase dever plis coughaules was
the commonest condition accompanying cases in Stadies 1 and 1T the
prevalence inereasing with the severity of serophthalinie involvement
P00 Fie SoE Tewas significantly more common among matched cases
ol \3B than their normal controls 7 T 610 v T 9% p - .00 hat
nol more common among inatehed corneal cases ol Tesser severity iNZX3A
than among their controls,

Confirming the pattern for clinically detectable vespiratory tract disease,
history of cough during the preceding month was significantly more com-
mon amorg cases of N3B 2760 than among those with milder corneal dis-
case s N2U1THNBAL 16 (o 0D In pairwise comparisons ahistory of
vecent congh was more prevalent among the matched subgronp of corneal
cases s whole 309 than among their nonverophthadmic controls (90
i 3% pans. poo 050 Althongh the numbers are too small for statistical
aenificanee. the difference between abnormals and iatehied controls was
areatest for the suberonp with stromal Toss,

v\ nmber of fctors may esplain the particularly high frequeney of res-
piraton tract disease wnong cases of corneal neerosis (N3 B These children
were weneradly more madnourished and - debilitated than children with
nelder disease. conditions generadly associated with ahigh prevalence of
esprratony infections (2590 Farthermore. vitamin A deficieney most se-
vere i this aronpis associated i hoth animals [164166] and man [10.155]
wath keratinizing mctaplsia of the epithelial surfiees of the Tarvos s trache.
and Dronchis which may in torn inerease suseeptibility to colonization and
mibechon 103290 Alternatively . the profound inflnence respivatory traet
b tion hus on vitasine A metabolisin imay have contributed to the sever-
ity of these chddeen’s corneal disease,

The velationship between respiratory diseise and serophthalmia was not

nnestieated in the conntrvwide sivey (Study 1V,
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Fig, 5.1 Hhe prevalence of vespinatony tiact disease mereased swath the severity of
serophthaligia - p 07 T hnear trened - N T vitiming A responsive conjunctival ye-
rosis, Stady 10N20 N3 XNSB ccomneal sevosis wdeeration, and necrosis respectively,
Study 11

Measles

Five of the siv potentiallv xevophthalmie cases of corneal disease originally
eseluded from Study 11 had evidence of active or recent measles. Two of
these 2000166 and 200017 had bilatevally active bat atvpical corneal
climges and were exeluded because of clinical icertainty at the time ol
initial disngnosis. One 20001660 first seen 12 davs after onset of measles
contained three inferocentral, superficial. sicer-shaped infiltvated weers
m-a perfeet]ly straight hovizontal tine in the left evel and w linear central
aleer resembling o traumatic lesion in the vight eve, Both cormeas of the
other case contained estensive, dense SPK and mndtiple tinv, intensely
white: fluorsecin-positive saperficial uleers/erosions in a horsehoe distri-
bution about the inferior three-fonrths of the corneal periphery. The latter
subject had been suceessfully treated for nightblindness with tow-dose vi-
Lanin A pills three months previousiv, but aoweek prior to admission de-
veloped fever, conghy diarrhea, and ineasles vash coincident with the re-
tiorn of nighthlindness, Tnitial serum vitunin A levels were estremely Tow
in both cases (7 pe/dland 5 pe'dh despite evidenee of veasonably adeqguate
protein status (serim albumin 3.1 and 3.5 ¢/dhand transferring 183 and 244
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mclvenment NSA B chamed thar the onect of thien oenla disease T
boen preceded. withing T weekss by easles

Comparable resalts were reparted T subgects waith corneal searmme NS
coeomntered i Stady IV 28 ST climed then oonlae disease folloswed.
By one o fom weeks the onset of meades. Consistent weth this claime the
mondher said to have sadleved measdes danne the month precedome the an
Ve e hadl that ol the [n:pul.llmn s swhole

The absence of asienilicant association hetween meashes nd Bitot's spots
iv consistent with obsersations i the Philippines 2730 100 hlely that
measles aenteh ||n~unn]n'n\.|hw Vidatign N o statoe, |«'\|||l|||\_‘, N INOre severe
corneal discase Beades measles sostenne effedts on vitanin v metabao-
b divect vival oncasion oy condition the corneal responses This man
caplan whn raenslecswas more closely assocated swith corneal sevophithal -
i espeetall NSO Study IV oo awath active corneal cases ine Stady 11
OF the T2 daldren sath completed pediatiie evaomination and folloswap i
stoud T Bilteralty Dlindine discoee was more connmon in those with nmea
sew 00500 v 12 tore 050 They were also more Tikels o
strvive which swondd econnt for then moreased provalence e the come
ety stady Stieds IV Mortalite per chald monthy of ahservition for cor-
neal cases Stady 11 s o whole was per 1000 o 0 per 100 for the
suberoup witlhomeastes 0000 N total of 15 hilerally Blinded cases in
Stody 3 sarviced o a Teast taomonthis. Three were associded swath mea
des Ol U of the measles cases. bt TH 2 nonmeasles cases had been
severchomadnowrished at presentation. Assuming that all severels madnonr-
ished chiddven wonld Jdie andey asnal field conditions, meastes-associated
cases swanld acconnt for 6770 of siviving hilateral serophthalmic hlindness

-

o the commmnity . Hoonly 70 dies the fienre woudd e 39900 T is unldikely
that these estimates ol Tone-termy mortality are terribly exeessive: over 254
of severeh madnonrished children trewded anost inc hospital in Stody 1
dred e ( 'lu[). [2

Choicdly severe corncal serophithahina has been observed to follow
measloes s Eovope 32032 19331013121 the Middle Fast [245.3301, Asia
THEDS 083093130 and Afvica [1I5.331 335]. Fiftv-seven pereent ol 1
Sodvadorean 23367 and 1650 of Thaitian (337 ] children with corneal scurring
fypteal ol serophithadia eladmed that their active disease had heen accom-
panied b neaslesand more madnonrished hospitalized chitdren with tvp-
el corneal ideceration and necrosis claimed recent measles than those with-
ol these corneal changes 1338510 Following vitimnin A fortification of sugar

me Couatemada, most cases of corneal searring (elinically XS1were associated
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cdevration was reled o the seventy of aecompanvine PENE Herpetie in
fection nn therctore he et anther mamdestation of severe anderlong
tadontrtion. B contahntion to the development of reastes associated
corneal dissolition Lowever renams to he determed

Inderestimedy Bive cases of ]nv.llm-.n]u'-\ cortcal meltine woere obsery ed in
e Genaoy o taee aoonthe peved i 1955 3790 The anthars
conld not evplan s ceness Athoneh the childven were cenerally very
I e aothors raled oot o A delioreney by the absenee I)IFQIII'\ NTIE
reand mical vesponse o vatamime A therapy . Bt the vitamin A was admin-
tered s an ol ngection swhiclois relativel anetfective, late i the conrse
of carncal diseases whien httle viabe corneal tissne iy St have heen
present One ol the carthest reports of clissieal vitmmin A deficienes
dretary hustary - verophithalime was prablished frome this sane clinie exactly

10 Lears ('.ll'lil'l _771

Warm intestation

Vearnasis 3S035 T caninterfere with the ahsorption of vitamin AL redue-
e it some instanees by as el as TO00 13521 Boundwornn infestation
may thorcelore evavaerate the cifects of borderline (]i«'l;ll‘) inticke. contrib-
ntine to vitoin A deliciency and sevophithaluie

The two conditons are commonly Tinked o the popalir mind: ndone-
s villacers refes o Bitot's spots as “worm feees™ 1383 and o one expe-
vicnce blane ronndworny inlestation for their presence. Althongh ronnd-
worms e found i large proportion of veraphthalmic patients 1L
SEAGO 020 worm mbestation is so prevalent e depressed commumities
teat ot s ditlicalt 1o assess the significance of this observation in the absencee
of saitable controls,

[ crossosectional suvey in the Philippines. ronndwornis were no more
common e cases ol anildyserophthalmia than ins the vest of the population
2275 althoneh e Jordin they were 12966 at Teast 1370 of normals and 60¢
of abnorals Tarbored the parasite,

Lo Indomesia 300 of cases of Bitot's spots oStady HE and active conneal
divease Study H ol alb degrees of severity elainied to e passed worms
diving the preceding 30 davs, Twenty -four pereent g ol the matehed
corneal cases Stody T and 1SS g of their normal controls Tad o pos-
itive lstony rates which e ot significantly ditferent frone one another,
Vooaris caas and Bregquenths Prichuris cees as well were identified in stool
wamples o hadb the cases ol aetive corneal discose. The rate among

matched contraly was sinsilar bt as only one-third conld produee samples



CONTRIBUTORY ANDY PRECIPIEATING DISEASTES 137
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Postive bnstony 100!
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2 57 RN 30 257 2301 16 S G RUEN
i 125 35 R 2.2 s (- g 0249 il
| 24 3.0 25 210 Iy TXY) 60.0 37 (R
| 28 2 2010 11 45 .0 G 450
U nhn 00 00 (K] 167 0.0 3.0 60,7 834 RRAN

I Numberat ek some s o Table 52 Mt recent epsode Tisted

Chabdeon 07 veare old cantaned only 1 abienmal. 2 matched continls both with e histogies

O crall poative vate lor nonmals, 34
Tachdme wothin past weeel

Vol oy matchied contiols e 02 overddl po 01 fon ditference in positive sates during,
prot e ch

dunne the boiet clinie visit, and the prodiction of samples might be re-
Lited to the presence of worms, this comparison is potentially biased.
tthe nch Logers representative comparison allorded by the country -
wide sunves Study IV history of shedding wors during tne preceding
iy was present in 229 of children with BitoUs spots. B9 of their
matchoed contrals e 0 of Wl others vates which are significantly difler-
cnt o one aother e 08 for hinear trendy Table S50 The case-control
relative vk ol Bitot's spots amonge: individuals with and swithont a positive
Itons Jor wormns. however is onhe 200 vrving with age hut uot se,
Vithoueh the beneficial effect of dewormimg on vitamin A absorption may

bast ot deast 2 months {354 reinfestation is extremely common [3853].

Urinary tract disease

Crinary tract infections are reportedly common in serophithalmic children
23070 Inoone seriese 17% of severely malnonrished children without
serophthalmin botan astounding 785 with erophthalmia had positive ur-
e cndtures 12750 The et that few were svinpfonatic suggests that POS-
tive cultures vepresented hacterial colonization of the keratinizing surface
of the genitourinary tract FHOUISS G167 similar to that of the serotic
comjunctivie rather than e tissne invasive infection. Bacterioria may he
more aresslt than o canse of vitimin A deficieney wnd serophthabing, In-
decd. Bloch discovered that wvinary tract “infections™ i serophthalmic
children disappeared with administration of vitunin A [176].
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General health statos

Pl nnpression eaists that childven with severe serophthalmia are Tikely o

e sevionsy b swhide those withont corsead involvement e not [32.71,.

sttzoesting that olaod dietuy deficienes voelyinterferes slficiently with
vitiin A netdolisng o provoke severe cornead diseuse 397 This e
ity apprears tocbe tine e Tndones

vl e of st presentation D50 children e Stady TN arud
LI of the 1o ST Sty seere evaned ad classified Iy the
pediatiician accordine to then weneral cliniead statiss normal.or mininally .
moderateh Ve Bed vest on severely llll"llllw;m'nilluh' il CTable
S Onhe 6 af Caidien ath Bieots spots vs 33 withe corneal disease
were moderadcl o ovoreh db Over Ldt of all cases of corneal neerosis
were sovereh dl The wovonte of the general elmical condition elearly par-
alleded the wovering b oenlar icolvement e 01 by linear trend b

Fift craht percent of matched cormeal cases Study Hwere maoderately
ar everel v nene ol then contiols e 33 paies. pe 00T Twenty
seven percent of the ndehed cantrols swereminimal v ill,

The dheence of moderatele o severeh all matehed o oty precludes
foriad cdenbition of e velde b ol cornead disease among children
whe were md were ot moder del o severely b bt it is elear that it
sl b overs el e e ore severe the coreal imvolvement under
question the Ineher the ok Swar evanple: had one of the nitched con-
fols Lo meaderatels or wovorel b the sk of comneal disease ol any
coventyamone duldeen moderatels o severely il wonld have heens 43
tines the ek of heatthner dutdrens Had there heen two such matched

controds the rebat corsh wonld has e heen 2101

Table S=6. Genend chmcad condition of serophthalimig cases -Studies 1EHI

[otal
Severty of sustene iliess

Ol [RYRURN .

shatis [T Nome Mintnal Motderate Sevenrs
N U N 36 5 0
N 15 1 149 21 17
AVEAN i 30 9 1H 15
AN N Y 15 24 39
AN 11! N 11 30 25

g 0o presence ol alliessand presence ob inoderate pliscsevere tlnes s by hoear el



9. Vitamin A intake, diet,
and stores

o Eavopnan seacte prodict e tened <hanmmed nndh . was responsible

lo Dl
L Dre Flas, 1934

Folowme the 4all of Singapores keratomalacin sicomdh disappean edd along
| \ N

with swertened condensed milk o ts propacandists,

VDY Witlaeson, et al.. 19149

PO dillicalt torccet noslonmed midk nnless one lad o cow
C Bloch, 1921

None of the dactors that imflaence vitamin A status is inore obvions. eritical |
oramenable o mtenvention tan the sumomnt of vitamin A consumed by
e child s Phes <Bould B atticient for dails reepirenients and development
el amtommee of .u|u|||.ll(' Iner reserves, Such reserve dare (‘\pt‘(‘iil”)'
snbical where avnldalie of foods ich e vt v and provitamin A s
soconad ke s virnnally cease for months onend . witly resery es rep
cosentie the onlv sonree b Gt v avalable 1o neeet demands, Where
lecer store e maeanal e mdividual s precarions state. Any inter
Paption ob caorenongs mm)lu'u Mnerease e requiremends e to vronth

i s preapitate ehnea v significant vitanin A deficiency and
e Yl’]|||”l.llllll.l

Vitonn A samees potentially avaldle o individual e Logely age

(li'lll'luli‘lll

Prenatal period

Hae et depends on it A dhat erosses the placenta from the maternal
coculations When the mother s welb nonrishied tetal sapplies will be ad-
copratc e vt A supplementahion of the mother will Tas e no effeet on
the develan the cord Bload 5556 358 i hich vencrallv runs one-ladl to
B thods that of nedesnal Teved 13863873590 However, animal esperi-
nente et that e of the additional vitaming A inay be stored in the
letal hver 386

When the mother s own stores e inadequate the situation s quite dil:
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ferent Precnney ibselb v astress whethe Beranse of the demands of the
fetns or hormonal alterdions 300 391 0 Ndernal sernme vitionin A fevels
may fall |)m:‘,|«‘«\1\n'l\ 2 395 aned cven preagptate clinied disease (97
GO L I some caltanes mehithhindiess s so prevalent that s constd
cred o normal accompaninment ob prechaone aneh the siate as morning
schiess 990 Phese nalder noandes e olten disappoar \pnnl.||n-«n|\|\
within . bew dons adter debveny 990 Vit A applementation provents
this Bdb i sitanmn A ad e artendant sevophthahnia LINGLBST L

When the mothior s vitanne v statoes s poot fetal Blood Tevels and stores
will b depressed 1 suthaently severe verophthalin may developin
nleros AMasswell 391 deserthed oo clnbd horn st bilateral heratomalacia,
e dinosis Tenone been condivmed Dy Protesao Pillat. One case e onr
s series s said to dene been honn swath Falaterad Bitat's spots. When
first een a month Later with kevatomalaens the mothier was .n;)p.n't-nll\
Lealthin and Tree of chiniead disease thonel ber sernm vitomin A Jevel was
ante 153 e dl Uneder these circamistances vitamine A sapplementation ol
previant mothers carecsabstantadly rase sermm vitimin A s els of the cord
hlood 3921

Becanse ther livers are fess developed. prematire inkats are at partic-

alarly high visk of carly sevophthalimia

Neonatal period

Froen well-nonrished children are born with limited vitamin A reserves
1S 393 397 and require |';|pi(| introduction of exogenous sourcees of vita-
min A, For those whose mothers were vitonin A deficient during preg-
naney the situation is even more eritical,

fnmost enltnres swhere serophthalmia oceurs, breast milkeor its equiv-
Alent s the primany somvee of vitunin A for the it 612 months of lile.
I the queantity of milk consumed. orits retinol content. s low. the child
man receive inadequate amonnts of the vitmin, by the past this problem
wirs particnlarly apparent among hand-reaved infants [12.13.20.31.39.109,
1921 Most had Eoon fed milk fror which the lipids, henee most of the
Fat Solnble AL had alveady been removed wentrifuged. separated.or
Gommedn Skimmed wmilk contains 00109 of the vitamin A of fresh whole
milk 14S] Even when fortified with vitwnin ACasis now connnon, the milk
iv frequenthy averdiluted by the mother, often with contaminated water,
Bloch (320 attribited mneh of the xerophthahinia epidemic in Denmark to
e disappearance of whole milk from the market, and serophthalimia
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epidemicos i bath Stgapore T and Tndonesie 23 1.395.399] have been
attriboted 1o the substitution of swectened condensed otk o breast
teedme Tudeed erophthalmia osnd o have discappeared from Germian
Jurmee the Foast Waorld War becanse mothers were rewarded for nmusing
then oo chaldien T 1000 T one of those nomes of nature that swarbire
was responable ton the disappearmes of serophthaliia v Cormany e
leat tao other conuntires ntermphion of vesetable ol inponts cregnired 1o
mannbictine margame and daars eaports dunme World War 1 frced the
Danih covernment 1o vation btter, euaradecing nnmimal - if adequate
wnannts forevervone T2 397 and the invasion of Singapore during World
W I ||11»-n||]>|ml ]nmlm-!lun of sweetened condensed mill, tostering o
vetinn o the Ineast T

Breat deeding docs ot necessanly conter protection frome verophthal:
e sk and oednonnshied mothiers i [nmln('(' too litthe nulk [109] sick
and mdiomshied children niay feed madeqoately 339]0 and e milk of
vt A delicient women may contain too little vitamin AL (o
ESOT Prcsthe Soth 101 wared his fellow meiahers of the Ophthalinolog-
el Socety of e Uited Kinedom to pay particula attention to the cor-
neob chaldren whose mothers were prostrate swith disease.

Nevoplithalmm e ws vunpant amone hoth mothers and naeslines doving
the B Tons Onadigesimas when these women sabwisted Loecly on
potdocs cabboec nd omon 12001023030 Both mother and child conld
b restored o Lieath Ty feeding the mother cod Tiver ol L1031 Where
secnnnedy degeatels hreast-ted children haye (]v\vlnpv(l serophthalii,
the vitans A content of the milk has bheen very low [34.101]

Faoept b colostrum o which it is high, the vitamin A coneentration of
brecotmlh wvonehilv equivadent to that of the sermm, and drops progres-
svchewath the duration of breast feeding [18.389]. Becanse their mothers
valk contaned only 105 of the vitanin A concentration of well-nourvished
populations: Patswardhan [296] estimated that Jordanian children received.
on - the averages only 170 edday during the first 6 months of life, As the
Russian experience suggestssupplementing mothers” diets with vitamin A
cane raise the concentration in the hreast milk [389.5592..105.106].

Mthoualy Breast-fed children may become vitmmin A deficient. on bal-
ances breast fecding i likely 1o be superior to hottle feeding, and may
conder sianificant protection against xerophthalmia, Blankhart [105] discoy-
ered that Wthoug serophthalmic children consummed less heta-crotene
i thei noral peers. the difference in vitunin A intake by their moth-
ers was even greater, This would suggest that in these voung childven vi-
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Fig, 9-1, Breast feeding sas b less common mnong cases of Bitot's spots than
among their matehed contrals or the random sanple children ope 0000 Stady 1V,

(D from Tarwotjo ot all [67]

tamin A stores. acquired during fetal development and breast feeding, may
have Dbeer, more important than corrent dictary intake. Similarly Venkae
tachalar has atteibuted a lack of correlation between dictary intake and
vitamin A status o evisting liver stores [392]0 Mcebaren [150] suspected
that differences in bivth spacing and duration of breast feeding aceonnted
for the difference in serophthalmia vates of two Tudia tribal aronps. The
Indonesiinn conmteywide suevey (Stady IV provides divect confirniton
support for these suppositions [67].

Breast feeding was fe more common among matched controls and non-
matehed normadst han among Gises of Bitot's spots (p- 0010 g 9=,
vinong one-vear-olds. the voungest group in which there were sianificant
numbers of cases, only 245 of abnormals but 716 of matehed controls
were heing breast fed, mnong two-vear-olds, the figures were TH and 25%
respectively, The ccase-controly velative risk of Bitot's spots among children
not currently being breast fid ranged from S:1at one vear of age to L at
ave three cFable 9-10 Durving the second vear of ife cage as nch as
654 of the coes of Bitot's spots might be related to absence of Dresst

feeding attributable rvisk,
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Table 9 10 Relatnves mish ol Bitots spots
atmone okl who e and are oot
breast fed Stady 1\

Relitive pish!?

A Method ) Method H
vedrs bi:nbr# bi:nhf
| 5.1 Tl
2 R 31
3 |1 201

Lo Method T bhased oncvates tor abmormals aied naatelied
comttolsmethod 1 on aboormals and sl o nials
2 Wbt breast fed not breast fed

The fdlin relative and attributables visk with age follows the decline in
the prevalence of breast feedine. Somewhat surprisinglv. breast leeding
appears capable of contributing a sivnificant proportion of the vitnnin A
avafable to-children during the thivd vear of Tile cue 24035 months).
thonad this is likelv 1o be more arelection of carlier hreast feeding prae-
tices and comsequent accumudation of liver stores than corrent intake,

e association between breast feeding and serophthalnia appears 1o he
casal vather than an indireet reflection of the relative health of the
mother o child, The reason cited for discontinning breast feeding among
abnormads . matched controls, and the rest of the simple were essentially
identical CTable 920 T the vast majority of instances the mother cither
thouahit it no lonee necessary or had become pregnant. Both, of conrse,
occred carticr i the dife of the abnormal child. as compared o the nor-
tual child.

Fable 9-20 Reason Treast Jeceding was discontioned Stady 1V

Cliracal chssification Clinical classification (0

Keason

ated \NIB M N XIB MO N
Mother pregnant 126 102 76313 38.3 35.8 35.0
Mother gaves binth ) 13 643 4.6 1.6 3.0
Cliabd ek 6 5 0 1.5 [.5 2.0
Cleld separated 2 | RAR 0.6 0.1 1.1
Mather wonkin 2 2 394 0.6 (g 1.5
Nl 7 [ 650 2.1 2.0 3.0
Not velid 171 136 11810 52.0 3T BN

lonal 324 285 2517 100.0 10, 0) 10,0
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Amone childen sl hreast foed the medim frequencey o feeding was the
wme i all wroups - sivday s the i cadegory listed on the form,
There swere no sicoificant sex-specific diftirences in the lm'\nl«-n('(- ol

Bresst feedine. or ace al which weaning began,

Weaning and early childhood

Druoring and adter the first vear of lite other sources of vitamin A hecome
increasingh important. Classical methods of dictary assessinent. which at-
tempt to quantitate the exact amount of vitamin A consumed, are fraught
with problems [3547 45 107 PHEL A simpler, potentially more reliable il
I(‘\\ }“"('i\('l (ll)l)l'”.l('l' s .l(l”l"l'(l i|| ”l" Il:(l()”('\il“l \\l)l'k. .\l“”“'l'\ were
aked to estimute the freguency . in hroad categories, with which the chald
consinmned spet ilic: toods durine the pl'm'('(linu two months,

Restlts of Stady IV comtrvwade sumeyare extremely informative (671
v already disenssed . datacent problems prechuded evaduation of dietary
itk of medaehed controls, bat their hreast feeding practices. alveady pre-
wented . and fmily dictary patterns (Cliape T are so like: those of other
normals that 1 comparison between abnormals and the normal random
sample secms _ill.\“‘il'(].

The wagor difference. during the carliest vears of life. was in the con-
stmption of fruits rich in heta carotene anango and papayay CTable 9231
Nornds were more frequent consnmers at every ade. thougl a statistically
sirnificant difference was present only during the cirliost ages, 1 oand 2
vears ip e 02 and e 03 respectivelyy The carlier these fruits were intro-
dinced into the childs diet, the ess likely the development o verophthal-
mi. Among one-vear-olds, only 36% of abnornals. bit 679 of nornials
were consiming these Truits reguloly at Teast onee o weck, The rate
among normals stavs relatively constant through age five. while the rate
among abmormals climbs progressively. The rcasc-controh rvisk ol Bitot's
spots among one-year-olds not consuming these fraits at least onee aweek
was sthmost four times the vate among those who were,

The other major sonree of bet-awotene i the Indonesian diet. dark
wreen lealv vegetables (gl was also constimed more frequentlysat every
age. by nornials tan abnormads, The difference hecine statistically signif-
icant e 00 only after the seeond year of life Clable 9-b. Interestingly,
the chissquare value for the difference i consumption by abnormals and
normals was wreatest for ages tree and five, exactly those alt which the

prevalence of Bitot's spots was also highest. By age four, over 70% ol ab-



Table 9230 Frequency ol constmption of manco papava doring the two

months preceding arvey Stady v

Fredquency of consumption ¢

\ue Total
TS In " s leday =1 week 2= month < Hmouth
1] NIB l
NRS! 1031 33 22 n 37
I NIB 25 16 20} ) 21
NHS 10Y7 27 40 23 11
2 NiB 70 16 46 206 12
NRS 1017 24 40 26 6
3 NI 94 16 -+ 35 o
NRS 10634 206 41 26 6
| \IRB 0 24 36 20 15
NS 937 27 43 25 S
0 NIB 92 23 37 30 10

NRS uo7 26 43 26 3

po 03 byt NIB A NRS.
ENormal vandom sample™ el masdom sample Tess abuormal and matched controls,

From Larwotio et al {67

Table 9- 1 Frequency of consumption of green lealy vegetsbles during the
twononths preceding survey (Stady 1V

Frequeney of consamption (45

e Tot ! et e+
STNTIN BN n = Vday = bweek z Vmonth < Umonth
0 NIB |
NRS? 1034 12 9 | 78
| NiB 25 40 21 4 32
NRS 1047 a5 32 G 27
R Nild 50 23 43 16 14
NHS 1017 43 41 6 10
4 NIB 9 249 40 1 7
NHS 1064 46 41 6 6
b NIB 70 40 33 10 I7
NIS 937 N 40 5 7
5 NIB 92 36 33 13 1S

NKS N i 38 7 n

OB At NI v NRS
EoNormal vandom samg [e7 e vandom sample dess abmormals and matehed controls),

Prome Lanwotp et all 167]
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non il cd over SO0 o nornad childvon were o, olv ereen fealy
vevebables onca reandar basis

Ditlrences i conssmpiion of it appeas to-pla e important role
caly i chddbood aad constmption of alv Tater. The faet that w signibicant
[n'upm!n\n of ahiorals ladmed to cansane Pevit el or vy at [t omee
ol i sommew bt st Asede frone e obvions possibility ol veport
e error e egqueney iy be oo low the quantity consonied i cacks
feedine too ~nudl e contribution of other vitonie and provitmn- A
conbaining soutces paragnoints o other Lictors e Jes e mterlered awath
e atibadion ol mwested beta cootene

The cndy vt N contamine s opposed to provitamm fouod consted
donificanth el consistenth more frequenthy by normals than abnormals
wae coes Dible 950 The difference presentat every ade, onhy hecame
ctaletica steniheant altes the second vear ol dife dike oy It i contrast
with frits I hoth normals and abmorads e propartion constining cags
At dewet onee aowerk renamed relativels constant and soadls one-third to
one Jadt of the children never constrmed e at b

Ondy o tiny proportion of children consumed meat s often as onee a
woel o statistically significant dilference was present only among five-

_\1',ll-”|(]\

Fable 9-5. Frequenay ol cae consumption during the two months preceding
aarveny Study IV

Frequeney ol consuiption <

N Total
TN In n <hday - lveeh Lamonth Trouth
0 AN ]
NRS 1034 2 i 5} 53
| NiB 25 5 16 20 a6
NRS 1O4G7 S 30 21 42
S NI TH | 20 24 S
NRS 17 8 32 27 R%)
I NIB Y1 2 RIS RA 51
NHS oG fy 35 20 33
[ ANNE) T0 8 13 RE) N
NRS G937 | 36 30 30
et NIB 42 0 24 1

N RS uyv 5 45 33
T Th S PO N 1 RN (I A

Froon Lanwatyo et al (07
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Twice as oo clnldiven consumed fresh Jish as constinned meat one
revalo hases This wan the ondy instnce in el there was ases specilie
diferenee mades consned fish more frequenth s fennales Only the
dlerence i consamption: hetween sonnad and ahnonmad five vear old
pdes however was statstically sonhioan! i 01

The ahsenee of 0 awmdicant o ation boetween Brtol < spots e thee
constmpltion of nread aned Inde s comastont st e bt it fish Hesh andd
meat e velately poor sourees of ik v sapport the validite of
thee senves techmicpe. The abence ol anassacidion hetween consamption
ob these reldince e evpensive food items and e presence of seraphithalimia
stppon b othier evidiene strecesting that ditherences i soctoceononic status
plav arelvely mor vole s wathin the predomiantds raral popolation of
Mhdonesie o the developent of the discase

e wonation between nald verophthahnia and dictany practices in
St IV e imehed by that of severe ccomeals disease and dictars prac-
tices i Stads HHIGTY o order to masize the inlormation from the timited
PisE compansons avanlablbe s and cadn isieht inte the elative Hpor-
Linee ol patterns ol food consmption for the deselopment of severe ve-
rophthalne anadditional analy ss was performed. Fregueney of consump-
tron swas el ordered ona sedde of To 6 Tineaaing caqual to or greater
o one per dav, 6 meceaning never- and the mean dillerence between the
menhers of cach par N2X3 0 MO calenlated CTable 9600 Matched con-

Lable 96 Mean dilerence ne fregqueney of food consmnption: by pairwise

comparsson between cameal cases and matehed controlst Stady Th

Food item?

laver Meat s Fish Sy LY Carrols Frail
A 2 ARS CGIT 6T 012 S22 e 8TR Y 207
Coomanmng e
1wl \23 ! 3 2 A 23 U] 0 3
MO | 3 0 5} un 15 GY 9
Poonth N2y 3 12 14 13 27 19 [} h}
M 1 17 24 17 29 27 151 11
e N2 3 5 21 2 17 27 14 11 12
MO 10 23 25 RIS 29 RA R 114

oo e 0 for ddlerence Tetween NTR aned MO

Do 40 paanss s 300X i 30 ME Br compatisan
2 el nedihsh Gy wieen leats vevetables, i IADEO v
ioSee et o method ol calonbaion X230 MO 77 ambates contiols mose kequent consumers than

almornals
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frols were more freguent consumers, to vy deareess of every fonod
e hsted The ereatest dillerenees were e the consamption of - heta
carotene vichs canrots and da ke sveen Tealy vewctabless Vi Treer propor
Gon ol chddren m Botde wronps comnmed e than Garols carrot consimy-
tion was ol vestioabed e conntnoaade sirvey . This association ap:
poears o he causad Hie e control el sk of aetive corneal disease
was v ersel related oo the frequeney of el consmption. those never
comsntnne dak crcen leaby vencetables were at 307 times the visk of those
constrming ol Teast onee . month bt Tess tan onee aoweek, and at 7.3
times the sk of those consaming oy at least once a week,

sl pattern cuasted o carrots.

Ditterences i it consumption swere smaller than for the other major
wotrees ol hetaecarotene. and. in this overall wu_{wp(ml«'(]‘ (-mnp;n'iwn. not
statstically significant,

OF the potential sourees ol preformed vitunin AL only the consmmption
of cuos and fish was sienificanthy more frequent anong nornials s ab-
normals. A with oy and corots the association betw een egg consimption
o uood sonree o vitaming A and serophithalmia was likels cansall The rel-
ative risk of divease decreased with inereasing frequeney of caw constump-
Hon: ronconstmers were al 2.3 times the risk of those cating eaas ot Teast
onee o month bt less thans onee oweek, and at S times the risk of those
constming cogs b least onee woweck. By contrast. the relative risk among
nonconstmers of fish did not vy inany consistent or meaninglul way with
the frequeney ol consumption in the comparison gronp. and is therefore
compatible with findings in the conmtrowide smveys The difference be-
tween abriormals and controls in consmnption ol caas and fish was smadler
and Tess consistent than for ¢lv,

Diflerences i the freguency ol constmption ol sov, o non-vitmin-A-
comtaining Tood and liver, vich i vitamin AL were insignilicmt. Sov was
consmed by the vast majorits of abnormals and matched controls. and
liver by hardbs amvone.

Dillerences i beta-carotene consumption revealed by the dictiny data
are confirmed by comparison of sernm carotene Tevels o children with
and without serophithalmia (671 Sernm carotene is wonseful index ol recent,
reanlir wtahe. at Teast for comparing croups of individuals: children on a
regular diet show litthe ictiation during the conrse of the day (27200 while
total withdrawa! of cootene from the diet resalts ina prompt. thongh grad-
wal, dectine insernm levels to hall the initid value in ronghlv one to three

weehs [90.294),
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fnoa pasrwise compaion botween caves ol active conneal disease and
their matched controls Stadh 11 semmn cootene ovels were 1HG6 109
proocdl e SE Tncher amone the controlson 15 pans. p- 0000 The sane
cotrae for andder serophthabie. Blood samples were noi obtained in the
conntivside sunvev s hat i the Tongitadimal study Stody 10 Roand - By
sern carotenc levels were SO T2 oo dl e ST Tnghier amone controls
Hear then natched cases of Bitots spots w0 T pairs. o001

T vesalts of dictay and weram caratene analvses of Stadies 1T and
N e hab v conastent maior dillerenees esistin the consmmption of
vilmnn v parbicnla e provitmin v containing foods by normal children
and those witlhonnkd N and severe X283 werophithadmia. Nerophthadmia
b Deen wesocnded withs deareased carotene and or vitimin A intake in
studies ong wadely seattercd points ol the wlobe 1183273277 0120013
Methodolome problems o preesisting stores probably aceonnt for stadies
toswhch this assocation has uot been fonnd IS0 001 T older mdiv idals
serophthalmne cans admost ddwass he taced 1o dietary restrictions or mal-
Absonptive states UG 1O TS IS 13T IS0

Betocrolene contammg toods wre often the primary dictary sourees of

vitoin A i populations i which serophthadmia recalarly occnrs

Fable =70 Frogneney o consmmption of edible oils during the two months

precedime surves Stady 1V

Freqguency of consumption (¢4)

Ve Total
NI In " iy s liweek = Hnonth < I/month
1l NIB !
NHS 1034 ] 6 2 St
! NIR 25 36 25 5 25
NS 1097 43 26 6 25
2 NIB T sl 29 4 H
NS 117 af 32 G [}
I NiB 91 A7 3 13 H)
NRS 1064 a6 31 G [}
! NIB N o3 31 7 -
NRS 97 61 30 3 b
N NIB 92 50 35 7 9

NRY 97 62 2% 6 4
S T v XTB v SRS ' ’ T

From Tarwotjo et al {67]
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T3S HU2 (2 1 HG L Dillerence e consimption of ved palne onlan
eveellent sonree of boticcarotone s wad 1o t‘\|r|.nn thie |||:|| l)l'l'\;l]l'll(‘l' ol
verophthadomne i the northe of Sicerncanl s comparative absence from the
cornth (383623677 and ot s the apparent teason why some vitliees
Zambias Laapnbo Vadley Towe adnel peevadence of serophithalmiacand oth-
ers do not 3%

Facept tor ood padm o ost vegetable oils are poor sonrees of provi-
Luasin A crotends bt rnmmad Tevel of ol mtdhe apparently facilitates
ntilization of carotenods prosent mother dietasy constitnents H7T LS
Perips becanse o e sanadl monnts vegquired it has proved diflienlt to
denonstrate an aseonabon betwecn tat ke and sevophithaliac in field
stndios The tndonesar conntiowade sunvey Stidy IV revealed that ehil-
dren with Bitar's spots consnned edible oils Tess Trequently s at every age,
than normds. the reatest diflercnces ocenrring ab ages 3 op 08 and 5
g6 CTable 9T the vears of peak prevalence ol Bitot's spots. No as-
cociation was Jomd i recent study o the Philippines 12731 but the

nmber of abnornads on whone dictany dat were collected was small,
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Drinkwaters promised me tobacco i evelinge for iy daily eag, T want
the tobuceo and he can bave the g™

Phere's no harm e that 7 Diekasater blustered "o harmy ine giving
the hov somie tobaceas e ashed me for it Tneschange for an egg,”

“You been up to Ward Sivoreeenth ?7 0 Did vous help them adit
Lades? Your Lt battn? 11e’s aot no eves now.
“That's not iy Gt T didn’t doanything abont hin”
Mo many of his caes did vou iy e?”

James Clavell in King Rat

Differences in diet (Chap. 9 and exposure to precipitating and contribu-
tory discases Chap. 7-80 cause xerophthadmia cases o elister within spe-
citic social and demographic strata. and often impart i seasonality to their
ocanrrence. Althongh resulting patterns may vary from one area. and era.
to another. some are practically aniversal, Foremost among them is age.

Age

Nerophthalmia can ocenr at any age. The youngest child enrolled in Study
I wits it hoy tease 20001040 said to have heen born with Bitot's spots, who
presented at one month of age with complete corncal dissolution in one
eve and ke uleer in the other. Mavwell [3394] reported - case with
hiliteral corneal destruetion at birth.

The oldest encountered by project stals before Study T formally began,
wis an otherwise well-nowrished 24-ye-old woman with severe corneal
verosis in hoth eves 104 Because of their poor diet and high rate of
chronie debilituting discase vespeciadly tubercenlosis) army reeruitsappren-
tices. students. and factory workers accounted for asignificant proportion
of the erophithalmia cases in China during the fivst third of this century
(155, 156]. Nighthlindness was onee common amnong sailors, especially
when fish and fresh vesctables were scaree [7075.57]0 Minimally vitunin
A noarished Russian wonen assiduonsly observing Lenten Lists were at
high risk of serophthahmia [S.402.403.:009] as are pregmmt women in India
today 195.99.302.392.150]. But the temporary nature of the precipitating
stress in both aroups of women means that most will sufler only mild forms
of the discase. Aside from these rather unusual circamstanees. most adult
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cases Tepresent sporadic instuees of hizarre dictry preterences melnding
Acoliolism T2 100 1A TS 1T 165150 3013030 o derinaed vitamin A
metabolism most commonhy maldsorption: FTLY3.91 1185007

Most \‘-ml||||||.l|n|l.l, «‘\!)(-('i.|||) its severe, destroedy e dorm. s found in
vonne childeons T tieneof the-centiny Farope, when the neajor pl'nHt-m
Was lll.l(ll‘(||l.ll(' Brewst fecdme cases were naadly crnaciated and ander
one vear of awe CE S 12 1920 I the stables chivonie pattern that b
cvolved i developing commintios the age distidbation i broader cener
Al peakies Gt 20 vewrs TR DS 20T 814265 16016127327 1206,
337 42100 although in some parts of Tndia the provalence of Bitots spots
gt unhnow s bt Loeee proportion of which are inactive  continnes to

b into earh adudthood TINS5 2200 Fven son the sonneer the chibd witly

active diseise. the more sesere the serophthadimia is likely o he F16.31.
SOOEL 2 TEA5T 30 I2S 12

This s well documented by the Indonesian dita, Fighitv-nine percent of
icdiordnads with active Bitot's spots. bt only 2290 with inactive spots who
presented to the hospitd in Bandung  Stady 11 were below the aee of
wevers preschoolers vefer to Fies 32550 The vast magority of aclive cases
were two o vears of aces Althonel not necessarily representative of the
sitiation at Loece wlhatever bias present shoold inflate vather e mini-
mivee the contribution ol older individuads: bemg more likely to notice their
divease ey shondd adso Be more Bikel to seek medical ittention,

The wane pattern s obseryed i the morerepresentative conmtrywide
arves Study IV whieh was sestricted to children five years and vounger,
Hhe prevalence of Biats spot plateaned at age three (Fig 10-D. Not all
Bitot s spots cnconntered among older childven may have heenactive, The
prevalence of ahitblindness by history - among cises ol Bitor's spats fell
precipitonsle between the aees of four and fives Trome 17197 to 30.6%
g 05 o addition the proportion o cases in which the spols were pres-
et tempordhy as well o nasdly also declined. frome 2390 at age fonr Lo
P2t aee fve aoditerence which s not statistically sinificante,

Ta both studies T and 1V cases o Bitot's spots were ('\(‘!‘('(]ill'_{]) e
during the finst and tooa lesser dearec, second yvears of lile,

The e disteibntion o active corneal cases was slightly yvounger, peak-
nee bl the hospital-hased s Study T and conntrywide Stady IV stod-
e during the trd vear of Tile age twor ccompare Tables 6-10 and 10- 1,
A et the prevalence of corneal searving peaked in the fourth vear of

e Table 1001 The vounger the ehild. the more severe the disease: al-
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{per 1000)
d
o
1

n
o
T

BITOT'S SPOT RATE
o
1
a®)

ol _¢ 1 1 1 1 1
0 I 2 3 4 5 6

AGE (years)

Fig, 10-1 e prevalence of Bitot's spots mereased sumificanthy op - 0D a1, 2,
and 3 vears of ages Bitot's spots were move common among hovs (12,5 1000 than
ands T 200000 (- L00bL Denominators same as e Table T4 Stady 1V

most halt the cses of limbusto-limbns corneal necrosis (categorie 7-8) in

Sty T occarred helore age two (see Fig, #-2),

Sex

Nevophthalmia is commonly believed to e more prevalent among niales
than females (35430748571 Attempts to attribute this to underlying
physiologic differences hive, to dates heen Targely nmconvineing, Certainly
cultural Lictors were responsible for the preponderance of altfected soldiers
in Chingeand fasting women in Russia. Onc the other land, hoys reguloly
appean to e at greater visk of developing sevophthadmia. at least its mild
varietvs thans aivks. evenallowing fe, the hias of hospital-based . statistics
parents more often seeking Lem for male offspring [155.335].

Males accomted for 584 of the cases ol vitamin-A-responsive Bitot's
spots presenting to Study L [n the more representative conntrvwide sur-
vey sStady IV Bitot's spots were alinost twice as prevalent among hoys
than among givls (p- 000 (Fig 10210 Interestingly, the age distribution
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Table 101, Aee distribntion of cornedd sevaphthahime Study 1

Oled e o NS

\ Active disease (N2 M oonset ! M opresent
o

EYRURY n i n e n S
0 | i 10 AT (} n
| 3 (b 9 120 3 (6
2 9 th 11 3 G B}
3 G (20 ] 2h 1.l Bith
! 2 (h 2 ) 8] i
5 ! 51 1] i 10 2h

I Three, swath unhnos e age ol onset. escdnded

wits similar in the two seves. suggesting the importance ol shared cubtural
Frctors. Althoneh anlikely s the difference may be related ine parrt to persis-
tence of old inactive lesions amony the nedes: concomitant nasal and tem-
poral nvolvement swas more feeguent among females than males with Bi-
tots spots 2760 v SN2 p L0

By contrast. the visk of corneal discase was independent of gender.
Males aceonnted tor onlv 335 of the cases of active corneal involvement
NS presenting to Studs 1 CTable 10220 while in the more representa-
tic o conmbvwide sorveyactive cormeal disease was sctially more prevalent
among females 700 s £9 per 10,0000 T neither study was the diflerence

statistically significant. The prevalence of corneal searring attributed to ve-

Table 10-2. Sev distribntion o active corneal serophthalmia
(Study 1D

Sen

“"”.“.lm“r Male Female o
classification : . Fotal

weatetorys " e} n ) "

| 12 15 12 1ath 2|
2 12 (M 12 i 21
3 ! (SO | (200 b
| 22 i 23 ihh 15
3 ] [ | {2 B}
G 15 i 16 T K3
7 5 G D R 13
5 [} AN [} (N 12

Total 56 G Th B 162
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roplthiammie NS Stads IV was higher amonge maies than feanades (16,2
v O per 10000 respectively thoneh the difference o not statistically
senicant and ieht retlect dillerent mortalits rates 381

I ceneral these veanlts are simibar to those previonsdy separted. Al
thoneh mades and feanades sometimes Tone cqnivalent vates of mild s
rophthadnna FIS0 2960 stes reponted Tor males e oftens 12 toas el as
1O tomves those Ton temales 169 7T TGOUT6T.256.273.27 13610 115 Tn some
isbances the differentiab iereased sath aee (330083121

Lhe ielationship between eender and corneal disease s commonly Tess
provounced. Althoney Melaren [361] veported the same male predomi-
nance otliers have foend dhat it largely disappeass [T 160.236G] Ne
rophthalinia was no more fiegquent among, nides than females hospitadized
with severe malnateition in Bingeladesh [275]0 Tn Tt serophthalmic sear
vnec NS was more prevadent among givls than hove 2.8 v 2.2 per 10001
a7

Why hove shonld he at greater visk ol mild sevophthalmia is anknown,
The fact that this difterential varies from one area to another: and disap-
pears endively inosevere diseases strongly soggests that its genesis lies more
e enttonad fctors than in any intrinsie phyvsiologic diference between the

SONES

Location

Nevophithalimi is obviows]y more comnmon in some areas than others. Re-
aonal variations in serophthalmia prevalence ¢Fable 10-3) [270.5337] are es-
planed by differences inowealthawaitibility of foods, dictary preferences,
disease patterns, coltwral practices, and the Tike, These sione factors en-
conrage coocraphie elistering at more Tocal levels: within regions, within
villiges within neichhorhoods, and even within Eanilies,

VUit oost mtimate levell clustering may be present within Eilies,
Many of the cases i Stadies THHE were siblings of children who had pre-
sented with more severe disease aoweek or two hefore, Suell [19] observed
anc Foelishy Lonily o whicl w5 of the ehildren. inclading o laby, were
mehthlind, Tene THG] fonnd the prevalence of serophthalmic vetinopathy
bieher momembers of Lomilies with anindes case than in those withont,

The risk of xevophthalmiacis also greater among clinically normal children
I e the immediate vicinity of an aetives ease than among those living
m the same village, bot fovther away 1HO0] Doving the first round of the
lonvitndinal study oStudy 1 sermm vitinin A levels were determined in


http:22222!.II
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Table 10-30 Revional mevalence of xeroplthadimna e Indonean oStady 1V

Bt s
spot N2 X3 NS
FFamilies Children petr per
Zone n n n i n H).000 n 10,0600
West Java
raval 2754 407 62 1.5 [ 9.6 Y 207
mhan 3049 44949 10 2.0 0.0 [} 2000
Central fava
Tl 24952 4577 45 1.0 2 Al T 15.3
i han 1133 1512 26 1.4 - 0.0 0.0
Fast Java
nnal 2706 RO 31 (.8 0.0 - 0.0
i han it} 978 6 0.6 | 10,2 2 RIS
Stirtvatra
vl 2303 4267 38 0.4 6 4.1 7 16.4
nrhan Tl 1401 3 0.4 0.0 - 0.0
Subawesi
rural 2010 3378 17 0.5 | 2.7 4 118
urdan 327 542 10 11 . 0.0 2 22.14
Compaosite (#6
Rali
ol ! 1326 Il 0.8 | 7.0 3 22.6
urthan 203 H07 3 0.6 - 0.0 - 0.0
Lonthok
tal 105 2353 a3 1.6 b1 21.2 b 21.2
Kabmantan
rnal 115 20056 15 0.7 I 4.4 2 a7
whan Usy 1856 | 0.8 - ({X}] . 16.2
Ainbon
raral o6 131 21 2.0 - 0.0 2 149.4
Lll-.”'.l

trhan 405 656

ot

-1
vt
i

P

0.0

three wroups ol children: abnormals (XN/XDL their normal
agesevincighborhood-matehed controls: and 83% of o preselected random
subisionple o all childven enrolled in the study (104 were not at home and
T refused to cooperate). As already indicated. seram vitunin A levels in
the madched controls were higher than in the abnornals isee Table 2.2),
But they were Jower than in the random sabsample g 0000 predomi-
nantly composed of normal children living in neighborhoods of the same
village) free of active cases. "Correcting” the randon sample mean, by rve-

moving. all abnovmals and controls, inereases this dilference: the “cor-



CHUSTERING 1Y

rected” mean i stenificanth Toeher than cacle of the thiree conteol cronps
mediadaally 05 p 00 Resnlte e anadlected B ace ses adjist
vrest ol the random \.HIII)‘\' tothe controls,

Coven the intinade natine of \:-|u]»|||||.||m|.| chistering. it <honld also o
o ab the wrosser villaee Tevels Suclvis the coe The sanmplinge omt i the
cormtovsinde anvey s Stady IV v callection of wo o fo adacent
nerehiborhondsone sichsite per vitlaee We foonnd ot Breots spats clos
teved i vllages scample ates sathm cach of the tegions anveved 05

) oo

Becaore of the sinaller smber of cases of aetive carneal disease and
searrme villice simple site Tesel elistering, conld not e anatazoed midepen
denthe Tor cach revion. Such elistering wae proesent howover 32 NG and
NS cach p 00T for the simple as aowhaole

Few Doeselide [TH not - that miost of her cases i Stuvahuas g canee Trom
pahiculac e sevophthidmin-prone regions of the citv, Vi (3350 recog-
nizedmaked variation in the prevadence of serophthalia within the “val-
fev ol the Dlind 7 whicle he related tao village-specific patterns of ved palim

ol conmmption.

Socioeconomic status

Fraditionadv o verophthalmia cases arise almost exelusively from the most
divadvantaged strata of saciety [6.32.39.75, 133, 136,270,296, “They invaria-
Blv hlb poblic vather than private wads [RID336]. This association s
Lowelv explaimed by deeding practices. bt feeding practices are influenced
by factors other s simple prrchasing power, Mo [IS] eredited the de-
chine i Hikan to an merease in general socioceonomice statis, Bt Willian-
soncH T conelnded that inereased porchasing power and greater opporton-
thes For cimplosment aonone women Jed to abandonmment of breast feeding.
bt e the sevophithalmia epidemic that swept Singapore, o Ceba,
the Plulippines: vitmnin A deficieney i more closely associated with ma-
ool cnplovinent than with incon e [273]0 Tpoverished  casavie
consumnne chiddven forced to cat the Teaves of the plnt. may e at Tower
sl ob vevophithahnia than then otherwise hetter-ofl vice consuming, peers
SO0 Nevophthadona prevalence in West Javacis higher than in East Java
Fable 105 ety the veverse of per capatic income. Wee lave already
tenbioned the elald who sullered Trom nighthlindness after “watching toa
mch telesaon ”

Novertheleas wvestricted chioice of foods tespecially ol |);||.‘I|.l|tl(' SONTCesS
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ol the ;nc'lnllnt‘(l vilanen poore Ty eiene standards anel moe limited
cdncation ensnres e caldren of Toser clase fmidies wall generally e at
hicher tok of Vit A delicreney D and hat thens mothers will have
Tonver devele of vitaran v then hlood 13927 and hreast il {12500 Mol
shindivs cotnpare the extremes of sociocconomie stalns SES The associa
fon b bween veraphthahine and SES s e perliment bt less casily
docmmented sthin that S0 907 ol the predommantty vovals Troadby de
‘)["\'\"(I })('l?llL!"“]] 'l““l \\ll]l ll \“l”l)llllhll“lh' CANCN ArINe,

Twel e vowbles were anadyveed i the Tndonesian conntrywide sivey
Stady N Sivonneht be thanaht of as |H|l|l.|l'i|\ ceonomic in nature
thonel they e ool helavioral miptications as wells composition of
e walle of the honse. sonree of liehitie. souree of diinking soater, prinei-
pal b bacilitn principal occupation ol the head of the honsehold. and
Hequency of meat consmption: by the family. Siv might be thonght of as
prinsarily social or demographics manber of people living i the honse,
nuer of childhren Tess than sis Ve ol awe the house, highest educi-
Don of the Biead of the hoasehold. person primarily caring, for the child.
vrmber of live hirths 1o the child's mother, and death vate sumong those
Boe hirths, Dt were available for the 358 cases of Bitol's spots. their 340
ave e nerghborhood-miatehed controls, and 31376 normals™ dhe restall
normids Tess e 310 matched controls). Becuse normals are not matched
In neiehiborhood with the others. some diltciences could conceivably rep-
resent neichborhood clustering. of ealtaral attribintes quite apart from any
minence on verophthalmia viske Tnoonly ol 12 variables, however (com-
posiion of the walls of the honser was the dill rence hetween “controls”
and Tnormald” statistically significant. That i precisely the variable e
pected 1o show the most villagefregional-level variation.

By almost every parameter there was a distined gradation in socio-
coonomic status, heing lowest Tor Fanilies ol the abnormals and hichest for
those of the normals, For three o the economic varables one or more
Lcts of e difference between abnormals and matehed controls were sta-
Dahically significant: principal bathing facility (p - .05 principal ocenpation
ol the hiead of the honsehold (p - 000 and frequeney of meat consump:
o050 Statistically significant differences were also present for three
of the ~ociademographic variables: number of people Tiving in the honse
p 02 highest education of the head of the honsehold .05, and
mortality among live hirths to the child's mother (16,24 of siblings ol ab-
norinads, 1320 of those of matehed controls, and 1189 of those of nor-

mals. p 001 by linear trendn. For only two variables were the responses
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of bl e eronps sindlar: the nnmber of children Tess than siv vears of age
who hved in the household, and the person primarily: responsible for the

child s care amothers acconnted for 930 of the total incall three gronps).

Seasonality

The vitimin A statos of childven at visk of serophthalmia is Targely deter-
nnned by their gencral natritional statos. consmnption: of provitumin-A-
comtaiming foods, and the presence or absence of systemic infections, Sig-
nificant seasonad netuations i any o b of these factors may result in
sestsoral variations moserophtlahnia incidence, The magnitude and pattern
ol the effect will depend o the relative importanee of each factorand the
macnitode and timing of s fhaetuation in 1'('|;|linnx||i|) to that of the others,
When several coineide, the effect s likelv to be pronounced.

In neany areas ol the world, particularly the Fast, \(‘l'()[)ll”l;llllliil reachios
4 peak during the hot dev months, precisely when green leafy vegetabies
are most searce and diaerhea most prevalent [70.71.257.335 426]. Such a
pattern exists in- Indonesia (TH and was observed for cormeal cases pre-
senting to Study 11 The pattern was independent of the severity of corneal
i olvement. as confirmed by the smaller (hat unbiasedy mimber of corneal
cines deteeted in the ongitudinal field study (Stady Do The mmber ol
cases presenting during the “high season.”™ March throngh Angost, was sig-
nificantly wreater than during the rest of the vear (p- 00D The sharp
decline in September October gp- 020 innmediately follows Lebaran, the
feasting period terminating the fasting month of Eidu TCis tempting to spee-
alate Ut food consumed by children and Tactating mothers during Lebaran
acconnted tor the prolonged drop in serophthalmia incidence that followed.
On the other land, the vate of disesse also dedined sharply in Denmark
drioing June: Bleavad [39] attvibuted this decline toanincvease in the vi-
Lonin A content of cow’s milk consequent to the shift from stall owinter) to
pasture csummert feeding, while Bloch aseribed it [32] toa flling off of the
childrens” spring growth spart. Similarly. for reasons that are poorly under-
stood . there was also s sharp by decline in sevophthadmias incidence in
the predondgwantly Hind o village in Bengal stadied by Sinhacaond Banag [ 426,

Sweet and Kang [155] identified two peaks in Chinae Jannary: Mareh,
when green leahy vegetables were Teast availabde, and July o when diarrhieq
was ot prevadent. Mori [1S]T attributed the sunmmer peak of Hikan to
diarrheas OF course the spring peak in 19 century Russiac was related to

the Lenten fasts,



11.  Magnitude and distribution

e s die todefiocorey ol vitamnn Ve perhaps e most com
mon of alb the Colomad Fapare There are reports from v ide selection
ol terotories of adcctons of the cve nedihlndne oo vevoplithud he
atomnlacin

Bepert on Natidron i the Calaraal Faopiee: 1939

Ay discssion of e magnitnde and distribntion of serophthalmia reguires
carenl attention to the mwnner i which it as been defined oo yvitmin
v deficieney . comeal destroction etes eriteria for a Tproblem™ estab
hohed, and datac eollected For abvions reasons the \iln[)l('\l h'('lnli(lu('\
ll.l\" ll("‘“ Ih()\i' “ll’\l '\\i‘l"l‘. l'”l‘)ll\\('(l

By esembiime avnlable date on food production dictoy practices, and
hospital and clinic experience from Loge nmbers of conntries. Oommen.
Melaren and Facapmi 1270 were able tosidentify those Tikels to have o
acntficant serophithalinea probleme Ahongh of immense valoe. soch anal-
vees are mvariably biised Dy the quantity - quality s and disteibution of data
availableand cannot be quantified 159 15210

Properhy conducted serophthadinm prevalence survess saffer neither of
these Tritations 521 aand consequently have become inereasingly popular
E2THR2T6.337029] Thiey provide acenrate datiacon the proportion ol in
dividuals afleeted at the time they e evanmined. Boas some subjects will
sabsequenthy get hetter some et worse . and some dies to be replaced by
disease i other. previonsly normal individuals, these survess shed little
Bieht on the nmbers involved over time. Such data require carefully ese
cuted prospective Tongitudinal field stadies in which the sane childven e
recvamined at frequent intervals, and the incidence. or number of new
cases oceurring, over adefined period cecos 1 vean s calenlited. Stady
wits just such aninvestigation |-4301.

A already detailed. vonghly 1000 preschoolage children swere reaularly
reesatnined al frequent intervals and only those with active corneal disease
treated, Bven so, observed incidenee wis prohahly significintly helow frue
incidence: childven were reesamined only onee every two to fore months:
hence those who developed disease and cither recovered spontuncoush
Arom nonsearring seraphthalmin or died between examinations went un-
recognized, Furthermore, the mere presence of the sirvey teanm, treat-

nrent. and hospitadization of all carly corneal cases.and refereal of il and
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severels alomishied clildien to Tocal hospitals and - dispensaries must
certamhy have redueed the incidenee and severity of secaphthabinia in the

stuedy ]unpul.lliun.

Incidence of active corneal disedase (X2°X3)

Vil incidence s Based anc the 12-month period encompassed by Bonnds
2throneh S Juls TOTT theonah June 19750 thas eliminating seasonal influ-
coce SEable TET The fist vound provided the haseline popalation of cor-
neal seraphthadina-lree children. “Two estimates wre calealated. For the
st dmost 6 per 1000 Chy, o 3.0 5.6 per 10000 the denominator en-
plove stiet deintion of “at vish™ chiildeen: the average nomber examined
e cachof the foor vounds who had also been examined cind found free of
cornead diseases i the imnnediately preceding vound. For the second. and
ovver ates 350 per 10000 CLy ES 52 per 1000 the denominator is the
averase muonber of childven covalled in the study thence eligible for ex-
anination durving cach ol thie fonr rounds, whether or ol thev were ever

evained. The actual vade probably ies somewhiere in between, The first

Fable 1L Annoal incidence o active corneal verophithaliia N2 X3y (Study

Bonneds 2 o

Methed 11
Method 1

Mean

Annal no Anmal

N of Mesan no. incidence cligible incidence

Villagre GIses eximined per 100 for cxam per 1000
Calalang 2 0 22 1445 [
Cikao 1 202 5.0 RN 3.5
Clewong | 4 (2 tn 28
Ketmbang I IS8T 5.3 276 3.6
Coatddsoli s T 10.1 116 70
Citebn 3 403 fi.6 OSSN 28
Total 16 2773 3.5 15495 3.0

[ P 3.0-85.6 I8 0.2

Method B Devomaaton s namber of doldsen evanuned at eacds sonnd who swere alse esannned, and found
ta be ree ol cornral disease e the Im-u-thnu rannd, avenaged over the U rounds nrbers 205
constitutinge a complete annal evele See teat

Method 10 Denotator s average tmmber of ciddien eligble i evannnation at eacl of the | T,
whether or not they were ever exammed . See e

From Sommer et al 1 ps0]
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Table 1120 Prevalonee, madence. and spontaneons cnre

rates dor noncorneal sevophthahnia Stady 1

Clinteal rovalenee Incrdence Spontancons
yound i “ ce (990

| T N N

2 i 27 a2

3 1.5 2.2 178

| 11 1.7 17.0

5 1.3 2.2 431

6 3.4 1S 521

v 3.8 2.3 N6

Nemeorneal serophthalmna ine adis cases of NTR - Iitot's spots sath conunetival
werosive and ' or AN G Tostory of mghtblindness Swerage mtenval between ehn
el roupds was S omonthe Prelnmmany hand tbnlated data

hivthday ¢ < 6 vears at vish Infaet, roughly one-third of the cases had
Fead it hefore, and the vish of an - initial episode of clinical yerophthalmia
wan probabiby closer to 365 Tnan carlier stady. 279 of preschool-age chil-
diren of Tow mcome conplovees of a Natrition Rescarch Centre in West Java
developed nightblindness vaccompanied by Bitot's spots in halfy during the
theee vears they were followed (1057,

I the tndian studsy aleeads alluded to TTE ahmost 99 of 125 initially
normal preschool aee children developed Bitot's spots over a nine-month
peviod o anmaal rate of vonghly 1295 The vate among nadehed vitamin A
reaprents was less than 19 indicating that the majority ol lesions repre-
sentted active. elinically signilicant vitimin A dificieney. Although sponta-
neons e rates were not calendated, flactations in ])I't'\;ll('ll('(' dilling.
one pomt from 20 10 7900 sngeest that o was appreciables Mori [1S] noted
that o oy cases anld oNTOXN serophthalmia ¢ Hikan™ disappeared
spontanconslv . reappearing during the “daneerous months™ of the Tollowing

Vedl

Countrywide rates and numbers of cases

I veneral incidence rates are generated onsmall, relatively selected pop-
nlations e Stady I spontancons core rates and dillerential iortality
between children swith and soithout serophthalmia in the population
Lo s the siame as that in the special study arca Genot anreasonable as-

sumption when the intensits o disease is similary, the incidence rate in the
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Table 11-3. Nevophthalmia prevadence inovnead Indonesias Stady v

NZNS e

NIBiper Lk 10.KR) NS (per 10,000
Jone I o r Clay I Clay
W Lasa 1.5 09 21 10 021 R S 36
€ fava 10 061 ! 010 15 2008
I Java 08 o1l 0 0
Bali 08 0215 5 023 23 0oas
ennhok 6 0s 2.4 21 3099 21 RERS]
Stunatia 0.9 05 1.3 I 2 164 [
Sulnvesg 05 02 08 3 09 12 2N
Kalimantan 07 02 1.2 i 015 10 0 24
\inbon 20 3 3.7 0 19 17
|m|u|||".l.l
aweightedy 1.0 0.9 1.1 6 3ol 13 9-1S

From Somaner o al | 830]

population at large will be velated to that of the special study areacin rongh
proportion to the prevalence rates in the two weas [T This s espe-
cialy troe for active corneal disease o X2/ X30 a transient condition not ex-
pected o acemmlate in the popualation toany significant estent

The averave aweightedy prevadence of active corneal diseased N2/N3Y in
the veal popadation of Indonesio was G018 10,000 (Cl,, 3.2 9.6 per H.000
CPable PR30 05370 of the averee prevalence me Study | Clable 18 107 Wit
reonsenative icidence of active corneal disease in Stads 1ol 5 per 1000
per sear e ammal merdence toe rueal Tndonesia as aowhole wonld he 2.7
per 10000 A wroneh estimate. 63,000 Indonesian children develop new,
active, corneal serophthalnia oX20X3 every vear clable TE 1300 This iy
a minimal lieoare: ome own hmpil;ll and clinie data and those of others

Wergge prevalence dinmng the o merdence generating Bonnds 25 e Stids 1w cal

calatcd by diwdme the oonber of didiien st active comneal disease by the namber of
evatmmabions petbormed  the tedimegue awalable to Stady 1V S Al sach abnonmals were
freated and removed hom the studs . the nnmerator ed foncalealating modence il pras
denceare the sames Thad the denenmmator been chosen the sone way the averaee prevalence
divme the dom chmeal sonnds wonld have evactly equaled one tomth of ane ar the other
merdenee rate anstead o fallimg Betceen theor Bemoval of acbive cases prevents then
cnnndation i the popolation. aetificondly Towenmg obiverved presalence m Stads T Sice cases
ol wotive comneal disease do ot ondinarils finger for very Tong the potential crvonas kel to
B sl Daddeed - omly donn cases of active corneal disease were enconntered duong the fisst
chmea vonnd essentiadly the same prevadence as e eacl ob the dom succeedomg ronnds rom
which madence was determined.
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Fable 1100 Nweraee presalence of active eorneal discase (N2NDY in
speaal study e Stady T Ronds 2 5

Village

Crtalang
Cikao
Cilerong
Kembang
Candasali
Citeko

Total

Frome Soanmer et al L130]

Cases Isuninations Provalence
i n (per 10,000
2 4260 4.7
| 924 LS
| (W R S
] S8 1.3
S 370] 21.6
3 2138 12,
16 13,335 12,0

167

[FO.71] suggest that the conntrywide presalence survey was carried ont

duving the period of lowest prevadence: and it exludes those who are 6

sears and older as well as arban childven Ginong whom shn dwellers, at

least, were found to he at risk of diseuse ),

For reasons disenssed at wreater fength in Chapter 1L it was more difli-

cult to elicita history of nightblinduness from wany of the dinguistically and

cultimadlv diverses comnnmiities enconntered in Study IV than it had heen

in the velatively nuiforne. Sundanese popudation of Study 1. 1 is therelore

more appropriate o estrapolte the incidence of noncorneal sevophthalmia
AN plis Bitot's spotsi from Study | to Study IV according to the relative

Table 1T1=-50 Estimated wnmber ol active corneal seroplithalinge cases

artrnallv e voral Indonesia

Provadence of X2 X3 Stady IVY O Anonal incidence Annal incidence in
Provalence of X2 X3 Study I of N2X3 iStady 1 population at Luage

Al
incidence

2771000 -

From Somme

O,
12.0

Propotion
of
popitlation
under age 6

0.20

etal H30)

3071000/ vear 2.7 1000 car

No. ol new
Proportion of - “Total popu- corneal cases
pupulition Ttion of  —in roval
that is ruval Indonesia AFCis
cach year

(.85 Ao 3S 2 H 63,342
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|m'\.||~'nl'¢' ol Bitot s \|ml\ Aone o mone Hll]l'lll\l' crtenon tan |||'.',||l
Blinduness . Approsimtely 100 ee Fable 2 1 ob cases o nomcorieal e
rophthadinie cucountered m Stirdy 1 Lo Batod o wpolss o averaue prevae
T for the fom incdence ceneratme vounds ol vonehlv 129070 e Fable
12 The averaee wewhited presalence among yal |>|mrl|:m| are Indo
neann chilihen was 30 ovee Tabde TE o v o thes feores exvacthy the
Catio for active corneal disease Smce the annmal madence ol promany
tachst of noncormeal serophthadima AN pluc NTR e Stady T awvas 6 e
100, the conmtivaade inodenee wondd Be 32 per 1000 A Hos rate roughly
S10.000 preschool aoe mnal Tndonessa childeen wonld develop o primary
envisode ol nonco ieal vevaphithalima cveny e and abost 2007 o all In-
donesian chiddeen develop the divease Lefore veachimg their sisthe bivtheay
LI30]

Validity or WHO prevalence criteria

Exen in the absence of incidence didas prevalence vates provide an an-
Biased estimate of Tevels of discase Tor comparison with other arcas or with
ontside relerence standards,

[ some e latively small comtries like B Salvador 1290 prevalence niay
e velativ el aniforne, swhile incothers like Taiti [337] 0 may vary widely,
T conntries as laree and diverse as Tndonesias it will almost certaindy be
Diehier insome areas Uan others ceompare Tables 10230 11-6)

I the fndonesian study . sample size was chosen [I31] to deteet preva-
lerice vates of X oand NS ona regional basis when they reached levels
constituting o significant public health problem clable 117y 17, 152]. With
rates of this order of maenitide osee Table 102310 Tittle cans be niade of
apparent variations hetween intrazonal subdivisions in Tndonesia: Vs ob-
vions examples with an evpected rate of active corneal disease of B oper
10,000 one such case may he enconntered wmong 3000 examined . as in
Suliwesi, Tl Lt that this smele case cone ron Sonth Sulawesi CCable
L does not mean there s more disease ine S Sulawesi than in the other
provinees of Sulawest On the other hand - extraordinary levels of discinse
oy he detectable hecanse sample size thoneh soalll is adequate Tor the
provadence vates acheved often neall tivee chineal pavianeters.as in Lom-
ol veeh et

e ande to Teealth plomers prevalence vates of active corneal disease

A2 N3 healed deshmetion (XS and Bitot's spots oXTBY exeeeding certain
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Table =6, totvazonal vl prevadence (Study IV provineial rates for
Sumatra Sulawesi oud Kalimantan

Bitat's spot X2-X3
Chaldien per per
Zone n n i n 10,04 n 10,000
Sumatia
Acehy 620 15 2. 3 451 | 16,1
Benghilu (] 3 (.7 1 2.7 1 21.7
W Sinatra Gl 5 1.3 | 16.4 I 16.-4
S, Sunatra 606 2 0.3 1 16.5 3 19.5
N, Sumatra 463 L 0. - 0.0 | 21.6
Jarnb 5 5 0.9 - 0.0 - 0.0
Reant 167 2 .- - 0.0 - 0.0
Lamipung 44K | 0.2 - 0.0 - 0.0
Stelun eni
S, Sulawesi 12:40) 5 0.4 1 5.1 1 8.1
S Snlaswes SO 4 0.5 - 0.0 3 3.9
UL Sulawiesi 1N 5 1.0 - 0.0 - 0.0
N Sulawesi 852 3 0.1 - 0.0 - 0.0
Kalimantun
€. Kdinumtan 450 3 0.7 | 22,2 - 0.0
W Kalimantan 460 2 0.4 - 0.0 1 21.7
S. Kahmantn 650 10 1.5 - 0.0 1 4.7
- 0.0

1 Kadimitan 466 [i] 0.0 - 0.0

arhitrary devels were said to refleet a serophthahmia problem of public
health magnitnde CTable 127 470 One point purposely left undefined
was the overd] population or region that these eriteria were to encompass.
A Digh vade i sy Acchs and very Tow rate elsewhere in Sumatra might
or micht not appear to e significant: it all depends on whether the overall
“popudation” is Jimited to Acch or includes all of Stmatra. Common sense
sngests that regardless of the size of anarea or population, if it is found to
have a high rate of disease it has acsignificant problem. whether or not it s
part of a lareer. wow-rate region, OF greater coneernis that limitations in
size or distribution of the sample may cause high-risk areas to go unde-
tected, These eriteria represent rouch guidelines, not absolate figures. The
risk of divease is Tikely to he just as high inarcas in which the rate of Bitot's
spots is just below 29 s in those in which it is just above, even it the
confiddence Timits do not overlap. Unfortunately. this point is frequently

overlooked (274


http:Kalunutail.ul

170 ERIDENIOLOGIC CONSIDERATIONS

Table 1=, WHO criteria fora serophthalinga
problene of publie health magnitade AWVHO!
19760 [47]

Precalenee

Clinteal Raute
NIB 22100
N2 CN3A NGB 11O
\S BRI

Riochemical
Vitimin A - 10 uy/dl 500

Of the 3 clinical eriteria that define o significant pablic health problem,
the vate of active corneal involvenient is the most important: it represents
the severes potentially blinding form of disease that is the raison d'etre of
most intervention progrns. and diagnosis is more reliable than for healed
corncal destrnetion «XS. But the speed with which active comeal discase
resobcess cither in coves deaths or scarring, ensures that its prevalence will
never he laeh requiring a loege saniple for precise estimation.

Corneal scars. hecanse they accamulate in the population. should
achicve o higher prevalence, The WHOY eriterin sugeest aan espected ratic
of active X2 X3 to old (XS discase of 100 A perasal of Tables 10-3 and
PG imdicates that i Indonesia, at Teast. the vatio is inore commonly 1:2,
perhaps hecuse of a hicher than espected mortality copoint which will e
discussed at greater Tength i Chap. 120 The ratio of XS to active corneal
discase vecorded in other conntries has been similaly fow: 3:1 (XS:X3) to
B2 ONSIN2 i Bangladesh 1132]0 vonghbv 101 (XS:X20 in the Philippimes
2300 and 1 EOXS X2 X3 in Jordan 1296].

The deast valuable of the clinical eriteriacis Bitot's spots (X TBi Although
these generally have the advantage of casier recognition and higher preva-
lenee, they are vremoved frone the Dlinding end of the spectram. The rela-
tionship hetween the prevalence of Bitot's spots and comeal discase s
highly virtable: in some awreas, like India. Bitot's spots are estremely com-
mon while e others. Tike Haitic they e exeeedingly vare [337] even
thonalr the rates of corneal disease in these areas may be similar, With
what we now know of the two conditions, this is hardly surprising: wide-
spread mild. chronie vitimin A deficiencey will resaltin a high prevalence
of Bitot's spots. however more focal. severe. and especially rapid deterio-
ration: of vitamin A sttus. or severe protein deficieney, can result in low

rates of Bitot's spots but o high prevadence of corneal disease,
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Table T1=S, Prevadence o Bitat's spots and
Inttilhnent of WHO! comeal eriteria for o public
health problen Stdy Ve

A3 Dotnaines?
Denmatins positive for

Rate of XIB /0 corneal eriteria
Clrony: Mean n Probability
=20 2.6 22 1.00
13-1.49 1.7 6 0.67
1.O-1.1 1.2 46 0.67
05-0.9 0.7 37 043
0.0.-0.1 0.2 313 0.38

B. Regression analysis?
Rate of NXIB cper 1000 0.0 0.5 Lo 1.5 20
Probubility site positive for corned eriteria
.29 043 056 0.69 0.82
CNZN IO NS <1100 WHO, §7 ‘

Sammple sizes mean © SE 2 6580 186,
Leastseuanes applied to Doniain data

PR ER

When the WHO eriteria were established it was assamed. for Tack of
appropriate datie that a rate for Bitot's spots of 2% would correspond to
fevels of discie that just met the corneal eriteria, The Indonesian data
siest otherswises Tn Table TESO 34 intrazonal domains are aronped by
their prevadence of Bitot's spots.and the proportion is determined in which
cne o boeth cormeal eriteria were eaceeded. Despite the Tact that the sam-
plesizes swere small (635 < IS61 lincar regression suggosts that over 060 of
thove areas with worade for Bitad's spot of 0.57% will meet one or hoth cor-
nedd critera for e significast publie health problem. Among, Lirger-sized
samples threc ishnds of saniple size 157000694, and siv regions of 3129
L vespectivelyarate of Bitot's spols inexeess of (0L53% was alimost invar-
bl ecompanied by res of corneal discase that surpassed eriteria for a
public hiealth problen.

Obvionsh for some places. Tike Indonesia, a catofl Tor Bitot's spots of 20
is fr too higle significant Tevels of corneal isease conmmonly ocenr at bawer
rates. Foen i areas like Tadiae where aosabstantial proportion of Bitot's
spols e o longer associated with active vitamin A deficieney, a rate of
0.5 may e more appropriate thio one of 290, Tnastudy near Hvderabad
P2 the ratios of Bitot's spots 1o XS varied by ager from 3:1 to 10:1,
snggesting o eritical rde Tor BitoUs spots of 023172 in a study in North
Indiae [183]0 the rtio bhetween Bitot's spots and active corneal disease
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N2NS anone |H1"~l|l(ll)|l'l\ was O T sneeestinge oo eritical rate of 010
me Banedadesh 1527 oate for ot s spots ol 0770 was associated with a
provadence of X210 times NS sy e, andd NS almost twiee the 0
criteria in the Philippimes 2730 the vatio between BitoUs spots and NS was
G and between Bitat < spote and N2 0L wnesesting o critical rate of 0.5
or Jess T fordan 296 4 prevalence al Bitot s wpots ol 000 was associated
with orate of NS e and N2 20 tines the WO eriteria, Althoneh
there is noreason why the ratio of BitoUs spots o aetive or healed corneal
discine ~honld he the same indl sibnations. itis clear b the prevadence
of Bitot's spots is 1o heoased s indes ol potentidly serions levels of
verophthalmie w vte considerably below 10 should be cmploved.

Vsowe have adready seens mean Tevels of seram vtanin A correlate well
with the presence and severity ol clinical verophtfadmia. But individoal
readimes are widely scattered. with considerable overlap between clinically
normal children living in arveas where \(~|'u|)||l||.||mi;t oceurs and those with
chinical. it noncorneal involy ement irefer to Table 220 The most that ¢
s el s that elinieal \(‘I't)l)ll”l;llllliil is uncommon above 20 /.LL',(” recoy-
nizine the considerable variation that exists in results of different Taborato-
rics, especialv under field conditions. and becomes inereasingly frequent
below Active corneal involvement ocenrs, for the most part. below 15
pecdl see Table 660 There s likely to be a prevalence of very Tow Tevels
above which corneal discase should reaedy sigmficant proportions. The
WHO criteria sassume that this ocenrs when et lesels of less than 10
i dlare present in 34 or more of the childven Data from Round T Study
[ sneaest that this s areasonable assamption: 95 or ore of all children
canpled had levels below 10 p/d! see Table 2-210 while the prevalence
of Bitot's spots was 0.5% ., Tn Cebn. the Philippines 12731 174 of the chil-
dren had sermmn vitamin A levels helow 10 pe/dl while 179 had Bitot's
spots. 31000 X2, and 371000 XS, essentially equivalent results.

Worldwide distribution of the problem

Aside from unnsual Gises secondary to liver disease, intestinal disease. eys-
tic fibrosis, cccentric diets, and the like, which can ocemr imyswhere in the
world . the discise is overshelmingdy located in developing conntyies, On
the hasis of availabie data, most often anecdotal reports: brief “expert vis-

s concdnsion is retlected m the ToS T revision of the WHO prevalence eriteria cAppendiy
iy
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s and coltmad s dictiny - and ceonomie patterns.as many as 72 conntries

are consadered to have potentadly serons verophthadmia problems [295].

Nerophthalmia constitntes aoproblews of enormons nuagnitaede throughout
mneh of Asiocand Soatheast s the aaditiond “homes™ of the disvase.
wheve mere s knewre abont ot than anvahere elses Numerons suiveys in
Fdic veport prevadence rates dor Bitor's spots. active corneal disease
N2 NS and corneal scarmma NS oy times highier Ui those in Indo-
mesta USSR 201260 60 8L Most of these dita ortginate from central
aned especially southern Tndins where the dicease is considered most prev
Aent T ot bnec nnmbers of cases are alse seen in the torth (Ven-
Loty personal conmumeation:,

ln Bonaladesh the sitnation is probably comparable, T recent suney
e prevadence of Bitot's spots. XS and X3 were similar to those in fndo-
nestand that of X200 considerablv hicher 132]0 T the Philippines. large
mnbers af cises of X2 X3 are vecularly seensinand aronnd Nanila (243
shile prevadenee vates of Bitot's spots. X2 and XS on the island of Cela
are i eveess of those i Tndonesia 12731 Althoneh the situation in Sri
Fooobis said o hase maproved it is sGl sianificant FI35]10 A recent conn-
trvwice survey [27H reported overall prevadence vates for Bitot's spots and
AS ronchdy comparable o those in Indonesia,

D 1930 Keratomalacia was the commonest canse of blindness in clinic
paticnts in Peking. aceounting for over one-third of all cases [136]0 AL
thoueh the sitaation has undonbtedly imporved. it stll aeconnts for 7.5
of Wl blinduess v Heilanakiang provinee FE3T]0 Nomerons cases ol e
rophthalina were previoush observed in Vietam [3049] Little is known of
the cnrrent sitoation in that areas but the discase has heen abserved in
Kampichean vefucees crossing over into Thailid [438] The discase still
oconrs prinnarily i pockets in Thailand [359] and Malavsia, though it miay
heomore widespread ins Burmae 1t appears to have disappeared entirely
from Sincapore,

The sitaation in Africa is. al the moment. confused. Cases of classical
verophthahnia have been veported from many areas. especially those in
which protein-cnergy nahiateition is common and red palm oil not regn-
Lty consmmed 113310331 33:40.346.350.36 1-3640-113.439]. Pt Jarger
munhers of children are said to develop cormneal destruction in association
with severe measles, I ncasles is merely precipitating severe serophthal-
mia i children swith preesisting subelinical vitimin A deficieney (dealt with
ab fenath o Chap Sicas seems possibles serophthabimia may be even

hiceer problem in Afvica than in Asia
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Nerophthalmia s abo known to ocom probably in foci. in areas of Mid-
die aned Sonth A and the Caibbean B Fratis the prevalence of XS
was twice that i Indonesia 23370 while e B Sabvador it seas one-ourth
(3364290 The aathor s obsers ed active cases in Goatemala, where ina
recent survey e prevalence of NS was 10 times the WHO criterion [297 ],
One contiove rsial veport estimated that F000 presehoolers were vonng Dlind
every vear from veroplithadimnc me nontheastern Brazal JHoe

Fcan intensive stody conducted e Jordan i the mid- 196076 {2961 the
proevidences ol Bitors spats N2 X5 and XS were b comparable to those
in Indonesie and the mean vitamn A fevel 2003 e dE similar to that in
Round 1. Stady T The sitnation i saince thoeht to Tane improved. bt Dy
low el is vnknow o, There are few poblished reports Tionn elsewdiere i
the Middle and Newr Fast bt it muest be vemembered that sy reasons
hesides the absence of disease would acecomt Tor this, especially the
absence or maldistribution ~:1~nu|;||1lu(' as o owell as sociocconomicy of
ophithalmic services. Servious verophthalimia is not veported in T bt
numerons cises are seen cach vear among members of the migrant Quash-
chai cunping in the vicinity ol Shivaz sahich had o well-equipped eve anits
AL Khondadoos, personal communication'. and the sevions natore of the
problem o Haiti was onre ognized aonong Tocal ophithadmologists. who
Lreely live inc the sonthern cities, where the disease is least connmon, and

minister o more adtloent popudation {337,

Waorldwide magnitude of the problem ,

Civen the fragmentoy and limited nature of availic e dita, itis obvionsly
ipossible 1o develop precise estiniates of the number of cases of vitamin
v deficieney o xerophthalniia oconrring worldwide cach vear. Bot it s
possible o estimate the order of magnitude of the problem, at least in
terns of active corneal discase 1030,

v adeeady diseussed. the annual incidence ol active corneal disease
among. preschool-ase raral Indonesian children was conservatively esti-
maded at 2710000 resnlting in at least 63,000 new cases cache vear, The
discase s Tikely o be at least as common throughout much of Asia. espe-
ciallv o Indias Bandladeshand the Philippines. At the mmual incidence of
2.7 1000, 100,000 3000000 preschool-age children in India. Indonesia,
Baneladesh s and the Philippines will develop active xevoplithahnic corneal
involvement WX2N3 every vear 301 This is an absolutely minimal esti-
ot of the problemin Asiac it only includes fome conntries; it assumes that

the vates in three are the same as those in the fourth (Indonesiin, when
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aakable evidence snooests they wree hivhior and 1 only inclades preschool-
ers hiereas hospatad dade nadicate that asabstatial proportion of cases ave
older Ao the madence e el s anderestineted by the proportion
who tlr\(']\)pr(l cornedl discase and then died o eleared \Imllhnn'l)llxl_\ or
with treatient ontside the stads o e of s speciadly onitored clinges:
Between vonnds 1 does ot michide those othier countiies inc Asiacin which
e dease s kooswn o occur non those e Ataes Ahddle and Sontl
Vincrrea the Canbbeans o the Niddbe Fast The tooe fren e for the nome-
[l’ t (" [ “' actin e (I'Illltltil lh\('.l“" ('J(‘ll Nt “I.l‘\ \\l‘” ullil)lbi’.l('ll ] ”“"
hen Tedecds mamge the best avalable datac Shud recenthy estinmated  the
prevadence of detive corneal disease i Indicc r 2001000 0834 nearh o
tenes the Tndonesian vates Assannnge hat the incdence rate was twiee the
providence e all Tikelibiood an inderestimate. e calealated that 110,000
proscheolers develop active xerophthabmic corneal involvement cyvery vear
i b adone

Phose hanres are ligher than those sageested previonsy [-43.290.
VI 12 Pl nese estimate has bheen based on irmer. more refined
dataand cach has been higher than those that preceded it Bat this pro-
bablv evplans onhe part of the difference. Even thongh serophthalnis
v loneer ocans in some ennntries it once did, it has sinee come ta liuht
whereatwas previonsiy asiaspected. T addition. populations hay e grown,
olten at phienomenal rdes. increasing the nnmber of children at risk. and
mome mstunces contribinting oo lther deterioration ine notritional sti-
tie e Shoudd these trends continne the sitimtion nay vet get worse,

Fo ple the present Jevel of discase in perspective. it is worth recalling
that e verophthalmie epidemic that strnek Demark carly in this contun
A9 mmvensal v secomnted s aserions and tragic event. was probably at-
fended By prevalence vate Tess than one-lilth to one-tenth WHO eviteria
for csnenficant pubhic Tiealth problem.

Hie nmmber of chuldren who develop noncorneal verophthalmia cach
ven will be conniderably areater 12900 There is no reason the ratio of
noncorieal o corneal disease shonld be fived. but in niany countries the
pattern appears 1o be similo to that e Indonesia, The incidence of non-
crvneal verophithidm o NNC Bitots spots. or the two combined inindivid-
mals previonsy ee ol disease in Indonesia was 12 times that of corneal
ol ement 52 100027 1000 per e T therefore seems reasonable o
suspect that 5 midhon presehookage chitdven in Indin, Indonesia, Bangla-
deshiand the Pholippines adone develop an initial episode of noncorneal
verophithamia every vearsand that the worldwide total may be twice this

fictre.



12. Blindness and mortality

Whit here s onee heen lost the treatiment can never restore,
O. Blewvad. 1921

In e conrse of treatnient not asinge eve was lost that had not already
previonshe bheen destroved.

LHL De Thas, 1935

Among the hundreds of thousands of childven who develop corneal xeroph-
thalmia (N2 X3 cvery vear. some recover spontanconshy or with specifie
treatmenty. some vo blind, smd some die. T is diffiendt to establish the
proportion that Tollow cach of these paths: the ontcome is likely to he very
different ina tiny group of children coming under regular care and obser-
vation than wnong the vast majority that do not. Nonetheless, rough, ball-

park ficores can be devived from available data

Resultant blindness

I most instances vituin A therapy results in prompt and dramatic healing
Chap. 130 Whether or not acluld goes blind Targely depends on ihe se-
verity and etent of cormeal destruetion at the time treatment s first be-
arn. Children with corneal verosis (X20 or typically eceentrie uleers sparing
the pupilliry zone rarely go blind. even it small perforation has alveady
-ll)l)('ill( : see ('(ll“l' l)lill("\".

But eves with large perforating uleers. persistently flat anterior cham-
hers. or estensive central corneal destroction are unlikely to regain useful
vision. These ave usually instances of Tocalized or generalized keratomalacia
‘X3B-

Fotential visual onteome in Stads 1 was estimated from the final degree
of central corncal clarity [197]. Follow-up examinations were available on
136960 of all 162 cases. One hondred and forty-seven (9144 of those with
follow-up evaminationst srvived ad least 3 weeks, by which time visual
outcome was obvious, Table 12-1 indicates tat central corneal clarity com-
patible with normal 16 60 aenity incat east one eve was achieved in the vast
nugoritv: virtually all children in categories -3 cormeal xevosis through
localized ulcers, 935 of childven with locadized Tall-thickness neerosis in

one or hoth eves weategory G and even $24% of children with complete full
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Table 12-1. Vical onteome as estinnted corneal elirity among cases of active
corneal verophthalniia ostudy 11

Final visual acuity !

Numbers of Gises ool cases
Nunher =66 =66

Original of =66 hotter - 660 one ar bath
clsafication casen® o ey ou eves
N2 Sl ) | - 100
NSA DS 46 36 10 B 1)
NIVE 6 RN 13 12 2 33
\3B LT I - Y 2 52
NSBS 12 - - 12 0
Total s 319] 32 16 L3}

I Nocases tesnfted moaanty of the better eye judged to lie hetween « 66 and - 6760,

200l 02 cases Todid ot have ol ap evanination, of those that did, 9 died in under one month,
leaving 11791 potential survivors o whom visual outeome was assessed by the degree of central
corneal clanty

ioOne e hsted as 06 on ntidly deared bt deseloped bilatetial aleeration between days 15 and 25
and dued atter Umonth The single case wath less than 6 6 0 one eve eontained a staphyloma from old,
Lealed heratonalaeia

Pronme Somrner et 197

thickness corneal dissolution in one eve (category 700 Tt was not unconunon
o an arcic ol localized searring to shrink with time, as observed by ten
Docsehate [T

Among children with completes bilateral, Tull-thickness corneal dissolu-
tion of cotse the ontlook is abvsmal: none of onr cases recovered useful
vision in cither eves Twelve of the fifteen (5090 bilaterally blind children
who survived miore than two months were originally severely: malnour-
ished Teis unlikely they wonld bine sorvived withont intensive treatment.,

Resnlts snegestac fnvorable onteome for the vast majority ol xerophthal-
niia cases treated hefore irreparable damage occurs in the central portion
ol hoth corncas, The prognostic value of this distinetion may prove useful
as the hasis o asimplified clissilication of corneal involvement.®

Mthoweh definitions. severity of corneal imvolvement, and methods of
conducting folloseup elivical examination undoubtedly vary from one stady
toanother. resnlts from the Indonesian project are compatible with reports
from other hospitals and clinies. Mo aon and colleagnes [HEH] were able to
folloxe up one-fourth of children treated Tor corneal xerophthalmia in the

Thrs comlasionc s retected i the T98T revision of the WHO dassification Appendis 11
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Phvderabad Teilit . Stone 23 sorvivors of “heratomaban by which hie
appears to mean any degece of stromad loss althoneh five Gases reportedly
healed swithout searime five 2200 were Blind i both eves and anc addi-
tional 9 39 moone. OF 37 sorviving children treated at the Nutrition
Rehabwlittion Center i Madia for " Reratomalacia™ X380 and followed
up 2350 tive T were Blind o hoth evecand nine 200 moone. None
of the cases ol ”\(-|.»|)]|l||.||l||l( aleeration” N3V were said 1o Tuve cone
blind. bt onhv 2 were thonaht o have developed searring at all. Blegvad
39T reported that fulle 274 of 295 sorvivors of “heratonalacia” O which
e obwvioisly meant severe corneal destractions in the Danishe epidemice
werd Blind ond o additionad 2400 were Teft with poor visual acuity in hoth
eves, Twentvnine percent of sirvivors treated in the central hospital in

Fharta were blinded me hoth eves 307 3990 as were D00 ol sirvisors
treated v 19 continy London 11755

What happens vnder nataeal beld conditions is Tess certain. OF 22 chil-
dren with active corneal disease X2 X3 detected daring Rounds 2 throngh
Tl Studs bosiv 270 Gheeady had hilateral and another 703290 uniliteral
cortreal ndeeration necrosis, T ondy nine cases T was involv ement lim-
ited o cormeal serosis. Vmone the 16 cases dentifiecd during Roands 2
througli 5 upon whonr mcidence was haseds the rates were comparable:
S Bl severe hiliteral steomal Toss and 1990 inilateral Toss s the time
theyv were dievcovered These data sueaest that at least one-thivd of children
with \l‘l'l[)h”x.llllll(‘ contreal v ol enent are lilwl_\ to uo blind ander ordi-
vary conditions. The aetnad rate is probable considerably highers AL of
these childven hud been free of ok cormed involv ement durving the pre-
ceding raund hience thenr disease was of relativel recent onset, Left un-
tresded. L ze bt anknown proportion with corned serosis or uniliteral
stronsd oss tridit Tose vision i both eves. Tndeed one case. abready dis-
crssed e detail with evtensinve conpinctival serosis aned punclate Kera-
topathy withont nemilest corneal verosis ane handlicht examination. devel-
Hpt-(l corneal vleeration swathin two sechs of receivines o lonw-dose (-.‘||)\n|¢'.

vomore vealistics thoueh snll anderestimated . appraisal of the natural
state iy provided Ty the conntevwide survey Study IV and Bond 1ol
Study Eosmce v g weater bt nnkiowns percentage the discise was nol
et short by treatment dueives anc carlior examinadion. Bilateral coreal ne-
Cromis s prosent i bwo of thee donr cases 00 detected daringe the first
ronmed of Study T oand doother case 22500 had o derad neciosis categony
ToOPthe 22 childien swith active corneal discic,. identified in the conrse

of stndy IV S 369 had Jarge corneal nleers or necrosis in hoth eves and
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ancadditionad B IS i one cves I Loar other childrea 189 there were
shallon decr o erosions bikiteralle cod o one 55 mifaterallv, Only sis
canes 2700 Tad mitact verotie cormea

he ve anbnased ficeld coesnlts suyoaest that perhaps halt or more of the
chiddion wath wote coroeal serophitiialmia ordinarihe eo Dlind. Indeed, al-
ot Ladt 4 2EAT dhe clobdren sathe sevophthadmic searring XS+ in the
cormtivagde sorcee s Stady IV swere awathont osefnd vision in either evie,
Oy 120 61T had usetal viston i both eves, Betfore the hencticial effects
ol Gt v were swadely appreciated . 30085 of Danish children treated
for sorophthadmia seent blind 349, Stephenson TS veported similar roe-

sults ton trn o the-contury Fneland,

Mortality

The problems discossed above also arise when estimating mortality, Data
are more veadil available oncases receiving treatment than on the great
negorits who do not.

Stady I provides the imost complete data available ona population of
treated Bt not adwass hospitadizeds paticnts. Children swho did not vetorn
o follons np durvine thie Lt tvo monthis of the study swoere visited ot home,
Where oLl had moved v another arcain West L and the new
advens was bnoven they were visied there Where the address was -
Loow o and the Lonh cordd not B Tocated bt relatives or lu'iuhl)un were
cortun e chaldb was ddive wt the time of e move: Tolloscnp was consid-
cved Lo bove Listed ot the miove took ]‘lm'v, Iorelatives or neighibors
were mcertains of e child's status at the time of the imove, follow-up was
conseddored o have termmated a the Lst esamination. Onlv 9 of the 162
children S0rc condd not he followed thronalr completion of the stadyv: one
retmned home ons the dav ol examination aed did not vetarn during the
rennining tva weeks of the study s siv moved antside West Livas and two
were aban nhnown address,

Vomodificed Tite-table analvsis was emploved Table 12-20 Camnlativ e
mortality over the Famonth period of follow-ap was 12,650 Most of the
deaths ocomed soon after presentadion.

The simgle most important determinant of nortalitn was general nntri-
fonal statis Mortality none children with severe proteinsenceray malnn-
trition was adinost seven times tee e of those hetter nourished 25,79 1
55 respeetively o Nost o the severe PEN was kawashiorkor or o mived

tvpes edema was present ing 7200 in an additional 179 sernnm adbuamin was






BLINDNESS AND MORTAHTY 181

Table 123, Camulative 12-month mortality among
cises ol corneal serophthaluia Study 11

Climea!

classificadion Deaths Cumnlative
walegony o mortality i
I3 i 17.5
16 Y 12,
TN 2 4.0

Total 17 12.6

1 Calenlated in same manner as Fable 1202

less than or equal to 2.3 ¢/dl Almost all excess mortaiity among children
with severe PEM ocenrred during the first one to two Ill()uglﬁ. consistent
with the time-related leveling of mortality among children of varving nu-
tritional status obsery ed under ordinary field conditions [H15:046]. The se-
verity of cornea imvolvement. henee vitunin A deficieney. had no appre-
ciable influence on mortality CLable 12-31 1 anyvthing, those with the
weverest disease had. quite iespeetedly . the lowest mortality, The num-
bers however, are simadl and differences may partially reflect the assidn-
ansness witln which care was delivered.

o theretore appears that short-tevm mortality among children with se-
vere dees corneal serophthalmia treated inca clinie or hospital is primarily
A function of ceneral mntritional status: when serophthabiiais unaccompa-
nicd by severe PEN mortadity probably rans aronnd 1-3% . and when
accompanicd by severe PENL 15225 Therefore. overall mortality would
depend on the relative proportion of cases with and without severe PEM,
as indecd available data from other areas wonld suggest. Only 7% of xe-
roplithalmic childven most bt notall of whom were malnonrished treated
Ao natrition rehabilitition centerin India died. v 109 of nonxe-
rophthalmic children admitted for general malnatrition [447]. Among chil-
dren bospitalized for serophthalmia in F1 Salvador. most of whom were
wevereh malnonrished, the overadl mortality vade was 219 in the most
severel malionrvished sabaroap it was 25 [161] Another estimate for
e same conntiy sugaests that 165 of severely malourished children with
corneal verophithalmia and T withont died in hospital [335] Many years
avo 300355 of severely malwonvished childven treated in the central hos-
prtad e Juhart died whethier or not they had accompanying serophthalmia
S I one Alvican report. overall hospital mortality for severely malnour-
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shed childven, 25000 vose to 300 tor children with aleerated comneal e
stons aand 370 for those with dicnvhea D E60 Inc o stady i Banehadedd
morbality none wevereh madnonrished daldren withont verophithadmia
was 100 ared o those sath verophithadionac 15002750 Mthonal this dither-
crice was not statsticadhy siamficant those witly \rmphlln.lhm.l Were even
more underionnshied and T poprotemenne thaa those withont even swhen
nedelied o e and tope of madnattion Mortdieey dovne e Danish
cpidemic. i which most ob the daldven were severely malnonnshed.

q

peached S99 o those ane to three tonths of aee dioppime to Tl among
those one vear and older 7390

v had s they ares these resalts do not compare with the 100 nortaliny
reported b Thirsehbere i 1565 11O ar the S0 S0 reported by sonme
authors canlier in this centioy J1I730 0180 Given the lack of anderstinding
of KsvasEoorkor at the time, these vates are probablv close to the untreated,
patrra hnstory of the discase taday

One ol the more controversial questions concerning carly verophithalimia
mortality s whether vitamin A deficienes per seinereases the visk ol dyving.
Dt presented above wonld snggest that it does not: at least not to any
appreciable dearee when compared with the eflect of general nntvitional
statns. Mebaren. however 20851 has reported mortadity vates for madnony-
sshed chitdren with verophthalimia of 56 619 foue times that of ehildren
withont verophthalnia ot with w similar PENE classifiation. Similar.
though less dramatioo resalts were veported by Pereira et al [250: mortal-
ity among children with hothe keratomadacia andd kwashiorkor wis 287
twice that wmone childven with kwashiorhor adone. But s Brown et al.
bave shown 2750 childhven with serophthalmga may he even more severely
nudnonrvishied thoan those withoat. even llnmull Both are considered to saf-
fer o severe PENL T F Sabvador, mortality among severels malnour-
ished fendes hospitadized with verophithadmia was twice that of those with-
oul, but rates for males was identical 13381 This finding was interpreted as
evidenee that adimission of females was delaved until they were more se-
verely abnonrished. 1 is possible that serophthadine childven ine M-
Laven’s and Percira’s series were similarhy niore severely mialnonrished
than those withont xerophithalimia, Severe madnatrition. especially protein
deficieney. iy lane precipitited their verophithalmia or those with the
poorest protein and caloric intake may have had the poorest vitunin A
intuke as well Tndecd! Serage and Rabidee [299] veported e in-hospital
mortality among 1565 severely madnoished Afvican childven cover 90

with edema of 52700 T generall those who died had Tower serum protein
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alleast D500 1222 0 A the vesnltant mininal ol incidenee of serophi-
thalome scarving of 151006 nd viean period of aecomulation of three
vewrs. the average prevalence of AN oo diddren ap to age siy shoudd
be £.5 10000 The prevalence actnally observed ine Stndy 1V was 1.3 1000,
snggesting sy norship among cees of inreversibhc unilteral or hilteral
verophthadmie corneal dirnaee cquad to onde 2900 o that of the vest ol the
population. Fxen it the seven elaldren with Groep Two corneal scarring
ol aceepted as XS for want of sapportive datae are incliuded . thie observed
prevalence wonld sull beoondy 15 10000 ar 339 of that expected. Similar
atalusis indicates that mortality cmong children o the sabaroup with
Blinding secophithabmic scaring was comparables These e Tikely to be
minimal extimates . smee the incidence ol active corneal disease, henee ex-
peeted prevalence of verophithabimic searvine. is probablv anderestimated.
On the other hand it s possibile s thonghounlikels - that incidenee vates were
Iower e previons yvears resulting in lewer children with serophthalmic
sens Ahongh there i no evidenee to siggest they weres that a Larger pro-
portion of the 101 cases ol corneal scars not aseribed to serophthadimie nin
hoave been due o the diseases or that a disproportionate nimber of blinded
children were not home to be counted dthis was specifically inguired about.
the wae aronp cencrally is not ciaploved in hegding: and there are no in-
stivtions for preschool-aee children to which they miight have heen sent,
fhos already been snegested that ondy 2000 ol children sure to go blind
Study 1 wonld probably Bince surviv ed withoot teeatment.

Mortality i obvionshy very high - comparable to that reported from turm-
of the-centony Furope PIT3CHS T The rate in any one country will Lorgely
depend o the degree to whieh serophithabmia is associated with severe
wadtrition. the cultneal significance ol hlindness in voung children. and

e ailability ol promptand optimal treatiment.



V Treatment and prevention



1, N “ « . o M
i u oy P P

13. Treatmént “

o

Floace nevey cnence treating nichthlindness Dy incarcenting sallerers in
adarhened roor s advised By Whartom and Netter . . L nobody can e
astonshed Bowever that patients dechoe themselves free from hemeralo-
praalter wloncer or shorter confinement in places of the sorts 1would
ideed e wondentnd did that scomptons Tong survive meins ol sovigorons

and pewal o Rind
S. Stephenson, 1896

The cttect of cad Tver ail on nichthlmdness and conjunctival serosiss is

very mrked i appears. i fet ahinost specitie,

S, Snell, 1881

The order of sequence of medical action should regard: first the eve. see-
ond the patient. third his Kitchen,
FEALP C.Ommen. 1961

For amillennia, nightblindness has been treated with sabstances 1ieh in
vibaming AL Ancient Eavotians, Hippoerates, Panl of Aegina [450]0 and
Coden P adl recommended Biver: a popular folk ramedy i india [ 160
Japan YISTand Forope, Woll [T observed that the Papyrus Ebers e, 1520
v did not recommend cating the Jiver, but Lovored applving it dircetly to
the eves B specalating on how the vitomin A made its way from the con-
pnctivad sack i the front of the eve to the retina behind. he segested
hat ot mghit trickle downe the Taerimal duet and eventually be absorbed,
Topmed apphcaion of liver juices remains a popnlar reniedy in veeal Indo-
et 5T where the mode of wetion is more obvions: after completing
the proscribed Teeatment.” the patient is Ted the remaining organ. Al-
Sioaeh the Indonesian villiger does not consider the Tatter action an essen-
tad paot ol therapy . Netins (1321 preseribed exactly this sequence.

Proving the 19th and carly 26th centuries, clinicians became incereasingly
Lonnda st the therapestic value of fish liver il especially that of the cod

IS 200 520 1294530 Schicle 1103] discovered that he could enre breast-
ted children B deeding cod liver oil to their mothers,

Both Mor 1S and Bleavad cited invell 35 administered cod liver oil
parenteralo with vood results, Bloch 1381 was convineed that addition ol
peaenterd o orad therapy speeded dinjcal recovery, and recommended it

mecases of corneal imvolvement. Althongh oily injections are widely used
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and e capaile ob coving veroplithadna ST 2IS ST IS 000 hiochemiea
idies indicate that relvels litte vitanin A is actoadly veleased from the
mjcetion site 13570 T reasonably headthy childeen with vuving de-
srecs ol PEAL porenteradly administered oilv preparations: produce the
lewst vise i senmn vitonin AL parenterally administered wateraniseible
sreparations the highiestand orally administered oil or water-miscible pre-
partions levels o between FIST]

O the Dasts o these Biochemical results, and suggestions tat diasrbica

S210 and PEN T3S turther reduee absorption of e orad dose. it was
reconmmended T that all cases of serophthadmia receive an immiediate
i trannsenlo mjection of 100,000 1T water-miscible vitamin A [olfoaw ed.
the nest davs by oral doses Althoughy widely recognized. this “oflicial”
shedule is rarely followed: water-miscible parenteral preparations. costly
necdles and svringes, and personmel trained in their nse are generally -
available at the periphery of the medica! network where the disease is com-
monh coconntered.

Simee the l'l‘(:()llllll('ll(l('(l water-miscihle |);n'«-nl¢-r;|| redinien had never
Been clinicdly tested against more practical oral ones. controlled - trials
were incorporated into Study 1 [21461

Svstemic vitamin A

Clivaral rosponse

Al involved eves in Stady T meeting the following eriteria were included
i the anvsess Tk corneal ivolvement with at Teast some potentially
viable stroma rensning ccorneal xerosis through focal necrosis); absence of
topical retinoie acid therapy tused inca concurrently running protocob: and
reevanination at least onee within 2 weeks ol initial therapy.

Sincle dose triads. 100,000 10 water-miscible vitmnin A intramuseulry o
200000 T8 oily vitunin A oradly

fntdbcall children with corneal verophthahnia (Stady 1 were alter-
matel ssicned Lo receive asingle dose of vitamin AL cither 100,000 10 of
the water-miserble preparation: intramuoscalarly or 200,000 10 of the oily
prepantion orallvs For reasons diseussed below . this trial was soon terni-
nated Despite the relanvely soidl number of cases involved. the two
cronps were reasonshlv comparable CTable B3-10 Clinical response over
the fist two weekhs was similar thoush o Erger proportion of eves ol par-

enterd recipients deterioraded during the first four davs Clable 13220,
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Table 13-4 Comparability of comeal cases in simde-dose
teatment gronps Stady 1D

Treatment redimen'!

Oral Parcnteral

n () n B

Total exes 19 L HXh IS ALY
Hospitabizod 11 (N 9 30)

Chical diagniosis

N2 12 {3 10 (3
Ni3A 3 26) 6 [®3))
NIB? 2 h 2 b
Durhed? 10 33 T Bil
PENM? T 3 n 3
Mortahity 4 20 2 (n

U Oral 20000010 mbmseible sstamin: A palisitate. parenteral. 100,000 1U water-mascible
vitenin A paduntate intramisenlarhy

2 Eves wath hmbal-todunbad necrosas excdnded

Vobaur gt mare loose stuols per s

t One o more af the tollowing, sernm alhamin - 30 ¢ dlor transterin - 50 merd] weight
tor heaeht - S0 of standand pedlid cdema

These were all instancees of detayved corneal response, and all recovered,
and healed. spontimcously. OF greater coneern were two cases which, after

initiating or completing healing, suflered severe relapse.

Case 2000003 was a Jour-year-old hoy with diarrhea, a weight for height 950 of
standard. and an initial wWbumin of 2.7 o dl and transferein of 20 mezdlh, He had o
aneanontl history of nightblindness and presented with localized necrosis in the
right eve and mild iuterior haze in the lett, He received 100000 10 of water-
miseible vitiunin A M vintramusealarhs The Telt eye deteriorated at first. devel-
oping frank vevotic patchies by day 30 bot clewred completely by day 6 The neerotie
fesion in the vight cornea perforated on day 3. hat by day 5 wis healing nicely.
Sernm viamin AL T pedl oncadmission, rose to 13 by T oy, T1S by 1 hones, and
115 by din B bt fell to 30 e dl by i 4 Sermm holo-RBP. 2 pesmd on admission,
reached 16 by 4 hieand was 19 o0 day 100 Oncday 6. however, the tissue covering
the prior pedoration appeared to be thimiing, By day 10 the perforation had en-
Lirged wond more ivis was exposed than ever hefores A suspicion ol active palmonaey
tuherenlisis was confirmed radiologically and streptomyein heaun. On diy 12 the
perforation was twice its original size and the child had classical varicella skin Te-
sions, Sevnm allinin was 3.2 wdl transterring 135 ime/dl but vitamin A onlyv 17
o dband Tiolo-RBP 7 el He was given 200,000 10 vitamin A PO worallye By
dav 19 sermm viton A was 32 and healing of the perforation had resumed. The
child was discharaed. When nest seen onc day 31 albumin was 3.7 ¢odlL vitamin A
29 pe dloand the right eve completely healed with an inferonasal adherent leakoma
and clear pupillary zone.
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Fable 13-20 Clinical rosponse of corneal Tesions i single-dose revipicuts
Sty 1Y

Dhavs Worse Static Trpron e Cured Total
sthiee

therapy N i n i n i n o n h
I Onl ! (p 5 {36! 3 3 - - Y REY
I\ 3 2y 1 e - - - 13 (e
24 oral - 2 o 9 (6 4 20 15 )
I\ ) (240 3 (S S -7 | ] 17 Uh
68 Oral , - - - N b [} (461 13 (%)
I\ - - - 9 6G-h 3 (35 I bl
12 16 Oyal - . - - 5 33 10 (67 15 T
1\ | I - - 4 [RUE 9 6:h 4 78

1oonal therapy. 2000000 10 vitamin A PO INM: 100,000 TU water-miseible intrammseularly . Eyes with
lbal-tadimbal necrosis evelnded.
2 Percent of Wl eves wmoseries examined in the interval

I appears that in this case asingle TN dose provided insufficient vitamin
durmg the added stress of chicken pox. perhaps becanse of initially se-
verely depleted stores (possibly exacerbated by active tuhercalosis) [322],

Case 2000011 alveady mentioned. was o twosycar-old with o two-month history
of mehithlindness who presented with pithog edeneof both hands and legs, severe
conunctival snd moderate corneal verosis o in both evesyand a localized area of
thiovesceinsstaining stromal edenia inferiorly in the Teit eve, Serial blood ehiemis-
tries are shown in Table 13230 He received 2000000 10 vitin A orally. The
mother refused hospitaization. Despite continned. severe depression of hoth al-
Bamim ceonsistently £5- 17 wdland transferrin weonsistently = 20-25 mudh

Tauble 13=3. Seriad Blood chemistries: case 2000011

Tine
SHhee Seram vitionin A Serum holo-RBP Seram carotene
therap ! wdh (ne/mh (eydb
O bonars 3 0 D]
1 hous 16 6 6
TR 9 -4 10
2 s 16 - I
Fddass 31 7 Y
T dans 11 12 12
23 dans -

L 200,000 18 vitaonn A i onh, opally.
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Table 13—t Comparability of corneal ases in donlile-dose
treatment agroups (Stedy 1D

Treatment regimen!

Oral Parenteral

" e n e

Total eves S8 (Lo 38 {100

Hospitadized 67 il 45 (™
Clinical diagnosis

\2 N BNl 35 (6O

Ni3A 26 R Y (16

N3 12 Rl 11 (1

Diwnhea® 35 O 20 3

PENY 47 P 30 D2

Mortality ) (4 3 (2

UoOral 2000000 TU inlmeable vtannn A palmitate PO o 2 consecntive Gavs, Pare
cuterall T0L000 1U water-nasable vtamin A palmitate on day T tollowed by the
aral dose the et day

20 Eves wath linbal-to-mbal necross exeluded

A o o more Joose stools pes dan

foOne o more of the tollomange senum albiomn = 30 ¢d) or transterein © 50 el
wohit for height - 7000 of standdand, pedal edema

From Sommer ot b 7246

factors expeeted to irfnence outeome Clable 13- The clinical response
was renarkabiv simili in both groups: approsimately one-foreth of all eves
evamined one davy two-thirds examined two to four davs. and 934 exam-
ined siv o cight davs after the start of therapy improved or healed (Table
13-31. Results were similar when analvsis swas limited to cases with diarrhea
Clable 13-60 or severe PENM CTable 13270 There is no evidencee that paren-
teval vecipients fired any hetter than those receiving purely oral therapy.

Double dosing did not entirely eliminate the problem of ey relapse:
two cases receiving intranmuseular plas ol (OM-POY therapy velapsed
within three weeks. and two receiving PO-PO - thevapy within one month.
These were all severely il malnourished childven: three of the four died
soon afterward.,

Cave 200008:4: A two vear-old severely malnonrished mavasmic girl oweight for
height 607 of standid; serum transferrin = 20 mesdl but albumin 3.1 ¢/dh with a
onc-month history of nightblinduness was referred from Stady 1. She had conjunc-
tival and cornead serosis wategory 1in both eves, Holo-RBI? on admission to the
hospital wis T gl She veceived 100,000 10U water-miscible vitwnin A intrunus-
cularly oncadimission and 200,000 1U oily vitanin A orally the following day. Con-
junetivad and corneal verosis disappeared by day 1 Despite attempts at feeding,
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Table 133, Clinical response of corneal lesions in donble-dose recipients
Sty 11!

1), . . .
h Wonrse Static Improved Crred Total
S - . . - -
therapy N i n e n 0 n v n i
Ul - 2 3 S 24 R 15 32 - - 47 531
INL - Ol n (23 16 31 7 RAil - - 30 02
22 7 (1 11 e 39 (57 12 (N ($1}] o8
1IN« Oral 3 i [N 30 23 5]l 6 k)] 46 (7
HS Oral -2 = -4 6 RY| Ah 24 E R3] 67 (76)
IN Ol 2 -p - () 24 5l 22 B Rl 3 I
12 16 Ol - 2 . = I e 12 20 36 il 49 {56
1IN Oral 2 5}l 0 e 11 P 25 Sy 41 T h

1. Oral therapy 2000000 11 oil-miscible vitimin A PO on 2 successive day s, 1M 100,000 TU water-miscible
utamm A intrammsenlardy on din 1 followed by the oral dose the nest day
2 Percent of all eves moseries examined in the interval.

From Sommer et al (216!

Table 13-6. Clinical response of comeal lesions among donble-dose recipients
with diarrhea’ Study 1D

B2 . e

e Worse Static Lpros ed Cured Total
NMee R . B el _
therapy " e " S n i " o n i
I Oral = 2 | (T 12 S 2 - = 15 ERY
INL - Onal 3 13 35 (S 2 2m - - 10 EhE
2 Ol - 2 2 o 3 N 20 il 2 (T 24 (83
INL - Opal - [ N 34h N 30 i (22) 1S (SG
oS Ol -2 - ) 1 b 19 (69 b 29 25 S
IN - Oral - . - - 8] il 51 1260 149 Yb
12 16 Ol = 2 B (- - -} 3 20 16 T 2] KN
1N Oral 2 b - (&) 6 (32 11 (B8 14 h

1osubroup of individuals in Table 1325 with 4 or more loose stools per day.

From Sommer [516]

e Tost weight over the first week and o feeding tabe was pat in place. Two days
later she developed severe diarrhea, edema, and frank debydration. Despite elee
tolvte therapy . corneal serosis returned and she died oncday 17, Follow-up holo-
RBE viahies were notavaitable, bt totad RBP. 1 permb on admission, vose to 33 at
1 hours. declined to 23 on day 1orose 1o 2% on day 3othe typical hiphasic enrve we

will disenss laters but fell againg by day 11 1o 20,
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Table 13-7. Cliucal response of cornead Tesions among donhle-dose recipionts
with PENTY  Study (1

) . . o0
Dy Worse Static Tproved Cured Fotal
since
thergn n ¢ n i n i n e n o
1 (vl - 2 2 o 12 (! n w33 [ER] 21 i
INM - Opal 5 20 12 (A7 4 (I - - 21 (T
200 Opal =2 T LIS [} iy 24 6 2 i) 34 (83
IM ¢ Oral 3 R 5 32 12 IS 2 1§ 25 183
6-5 Oal « 2 - - 4 R 19 Bl 1 32 RE| ]
I Omal 2 il - (- 200 (O 7 24 24 Ul
1216 Opal <2 - | R 49 S 149 66 24 62
N - Ol 2 Yl - I 5 33 [B] (N1 24 iSO

1o Sabarenp of mdividuals s Table 1325 wath one o more of the following serum albumin - 3.0 gdl o
tanstersin = 50 medl, wenht for height - 7007 of standard. o pedal edenia.
2 Percent of all eves msenes examimed in the interval

From Somme [D16]

Cone 200065 A two-year-old bov with w two-week Listory of nightblindiiess had
hept Tins eves elosed tor the past ten day s, e was admitted o the hospital witly
naaasmic hwashiorkor apitting edense sermm albumin 2.5 w.dl, and seram transfer-
o 20 e db regnratory tract infection, severely dite-threatening) general sta-
e and conpmctival and comneal erosis in both eves gerade 20 serum vitamin A 4
s db e veceived 100,000 TU swater-miscible vitmin A on admission and the
standared orad assive dose the following das. Conjunctival serosis disappeared by
el and Comedd verosis was all bt wone by dins =110 Sernm albumin hegan to
tcand edema dedined. Diadhea intervencd duaving the seeond week, edem
worsened and donasowistric tube was used for feeding. Corneal status of both eves
deterionated onday TEasaperficial ulecr appearing ins the vight eve, Seron albo-
mn fell 200w dbons day 150 and an dleer formed in e Telt eve by day 250 11

dicd enoday 300

Cove 20071 0 twosvear-old male presented with compunetival and corneal ve-
rosis and shallow conesfitth depth uleer in each eve, pitting cdema, a serum
vitamin A of 9 e db and wlbumin of 2.4 ¢ AL He veceived 2000000 10U oil-miscible
tanin N o adinssion and again the following day. His general condition and
actla Jesions mprosedand cdema disappeared by the end of the first week, when
s other vemoved b Dom the Lospital, When nest seen, al two weeks, hoth
conjunctivae were completely normal. and onby mininal infevior haze was present
o both corneas cthe adeers iaving healed s pale maendacer,. When e seen at one
month - nasal and temporal conjunctival serosis ad retarned in both eves, The
corneas were unchanged and serom albumin was 3.0 ¢dl He did oot return for
folfow-np. When the team eventuadly visited his home they were told Lie had died

at o months followine a bout of congh. fever, and disorhea. .
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Table 13-5. Clinical response of corneal Tesions aniny parenteral recipients of
oil-tsable vitiin A (Stody 1!

[RATSS . o

" Worae Static hinproved Curend lotal

> 1 N [ . - - .
therapn n i " i n “ n i n ol
! 2 AT 1] i - 12 135
21 ! n B! 20 10 H - - 15 (65
(AN - 2 R 11 vk 1 n 8] 6D
1216 - - 10 o 10 1

E 20000 18 anliseible vitannn A intrammsenlarly in o divided dose
2 Percert of il eves i seties examined in the inteval

Cone 2000007 This 2-v car-old female had o threcamonth Bistory of nightblindness
fon which she veecived 200,000 1U oilamiseible vitmnne A TN at the Tocal health
clinic one month hetore presenting with complete necrosis of Tier right cornesand
aone-filth depth 2-non aleer in the lefts She was severely malnonrished. with frank
aeesared sernm allmin of LY «dl and trandervin - 20 gaml. She received
200,000 10 orally on two suceessive davs, The uleer showed definite improvement
by day 3 and Dy day 3 could onhy he diseerned as o limited areas ol llooreseecin
stonimes By twoweeks edema bad disappeared. Althongh the aleer appeared to be
cething worse the mother insisted on diseharging the paticnt. When nest seen
thee weckss sermsadbiomin was still ondy LS and wccentral one-loneth depth alec
ccoupred T30 o the cornea sorface in the felt eve, The mother vefised to ddlosw
Brospitadization. Ao additionad oral dose of vitemin A was given. When nest secn a

weok Ler the aleer Tad completels Bealed and ondv o dense Teakorma remained.

Oil-Museible parenteral recipients. Althongh the nunber ol eyes available
for sy sis among children receiving only 200,000 10 oilaniseible vitamin
A parenterally was smalll thev were conparable for all eriteria with those
- the other treatment groups, Response during the first two weeks wis
abso sinilar CTable 13-90 Relapses. however, were common: 3 cases con-
tuining 6 of the 22 eves in the series required additional therapy between

3 weeks and 3 months.,

Biochemical response

Means sernm vitwmin A and holo-RBP levels for the two groups of double-
dose vecipients are shown in Table 1390 Only cases in the dinical compar-
ison. on whom there were hiochemical values for the same parameter (vi-
tamin A or holo-RBP . onat least two occasions during the fivst seven days,

are included.
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Table 1329, Serton sitamin A and holo-BBE Tevels ainong donhle-
dose vitwmin A vecipients Stoady 10!

ANTRUTHIY Holo-RBI?

- . e dl T

Iime sinee

initial dose Oral 3] Oral 1\

O howrs 2 6.5 6.1 1.2 1.3
Sh 3 B 1.4 1.8
n 35 16 35 RO

1 hours a2 336 17.6 9.5 15.1
SN 26.4 6.1 15.1 10.2
n 36 16 23 11

Lday  p *+22. ] 107.7 121 20.0
sD 24,2 16.2 10,0 9.5
n 35 10 22 13

Jdavs 28 132.5 18.6 21.6
SD REN 56.5 12.4 9.8
n 37 17 15 15

Tdas 4 F1224 33.0 207 T4
SN 5.0 349.85 10.1 16.3
n kN 1S 0 16

Limited to cases of corneal imvolvement mebuded mthe anadvas ob chiniead response,
Tables 134 and 13-5 on whom at least 2 vadues were avalahle Ol 200,000 10 oil-
miseble vitamin A at 0 hones and 1 odavs 1N 00000 TU watersmsable: aitanon A
intramserbar )y at 0 howrs plus 200 000 10 admsabde sitomm Corallv at 3

< Differenee between oral ad parenteral I gronp statsticalle sianficant at pe 05,00t
poonl

From Sommer et al [2146]

Serum Vitenin A, Among double-dose vecipients CFable 13-90 serum vita-
min A levels were higher following parenteral than following oral therapy.
thoneh never reaching the heights reported by Srikantia ¢157) in nonxe-
rophthalmic children. The diffevence hetween the two aroups, minimal at
§ hours, was statistically significant from day I throngh day 7.

Among oral recipients cach dose was followed by i rise and then a fall in
sertm vitamin AL though at the intervals sampled only the diange hetween
Ty and Ty was statistically significant (p - .00D (Table 13- The second
rise was not present among single-dose recipients (Table 13-101 and their
prolonged platean between Ty and Ty was entively due to asingle case
2000017 in whom the level at 3d was 97, three times that of the nest

highest.
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Table 13-10. Serum vitimin A among single-dose
vitin A recipients (Study 1Y

Time stnee

initial dose

0 hours gt
sD
n

4 hours fi
S
7

Ldy a
SD
n

Jduys
SD
n

Tds 4
sD
"

Oral

S0
Ly
10
44
326

25.0
13.6
4

30.5
335
6

10.3

3

. "
Freatment regimen?

M winer

Y7
3.1

I

70.0
41
H
1087
473
I
53,5
16.7
]
25.0
6.7

)

IM (0l

v

4.
12
6.0
4.5
12

-

7.6
10.0
9

U Limted to cases of corneal Sovolvenent ncluded ae the anabvas of

2 TS ol KB response omit-
ted beease numbers vere sl Sevon vitomin A me el

20 Oral 200000 TU ilaniable vitanan A POINE water TODOK) U

clinical response. Tables 13

watertnehle vikesn A nteaansonlaly

mnscible vitwmm v tianese nlah

IN il

2000000 1L ol

The response amony double-dose parenteral (IN-PO: recipients (Table

13-9 peaked at three dass, the rise from T, T and decline from T4~

7o heing statistically significant «p- 001, By contrast, serum vitimin A

arnone sinale-dose owater-miscibler parenteral recipients JTable 13- 10

peahed onday Toat a level identical to that among double-dose recipients.

Bt dedl rapidhy thercadter,

Despite initial clinical improvement. the sernm vitamin A response

among children who received ondy s intramoscalar injection 200,000 10

of oily vitmin A was mindmal CTable 13100, especialle dering the first

three daves At day 30 Tevels swore Delow 10 weddl in 6710 cases. and helow

20 e dlin 9100 by din 7 they were still below 10 pe/dlin 67 cases. By

comparison. levels aong oral single-dose recipients were helow 10 jeedl

i only one ol siv cces o day 30 and none of five by day 7

Difterencesin serum vitunin A response are not necessarily meaninglul.
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Totd” it v melindes bothoretind esters and retinol. Onle the Tatter,
condancd wathe et bindime protems w8 ordinarily - comprises the

|)l|)\|n[li‘,1|(‘.|“_\ active aeent haolo- B

Holo RBE rosponse. Unhilhe totad vitamin A vesponse. there was almost no
ditference e holo BRBE tesponse amone parenteral (1N PO nd porely
oral PO PO donble dose recipients CTable 134 The only diference to
approach statistied sicnfieanee ocenrred ot das T 22270 0 05 Tora
<inele COMpPaArison. bt Jowver hiere as one of fis e serial COTPRrisons .,

Faen if the dillerence at Dav Boawas reall the Tevel achieved by oral
vcecipients 1201 e waes sHIE adeanate 1600 Biological varability i
the tinse Lae betwern chanees in vetinod adeguaes in tareet eells and serom
levels of holo-BB2 prechndes defining acsermmn holo-RBE level above which
clmical disease does not ocenr and below which it invariably does. Fiare
1501 presents initial serom holo-RBE Jeve s i elinically normal hot. due to
the clustering effect |n'<»|;.|'n|; vitomin A deficient untched controls of
corncal cases o patients with serophithadimia Stadies THHT of viaving
wvertv Althongh levels wone the nadehed contrals span aowide ranae,
A areater than 3 e m® aod 710 20 27 are greater than or cqual 105
gl By contrast, Jevels canong cises of severe serophthalniiac cormeal
necrosis. catevorios 605 e all below 5 pceoml and in 934027290 helow 3
pre b T appears that levels of 305 o mlare probably reasonably sdes
least transienthy thongh not necessarily chironically wiere seram holo-RBP
aehi nore accovatel rellect retimol depletion in target cells and anacnte
precipeating cvent might suddenly Adepress fevels even further. resalting in
cornea necrosis,

\thoah the mean level among double-dose oral vecipients was clearhy
aclequute at da 1 the same cannot beesaid for cacle individual case. To
cotinate the proportion of patients swithin the danger zone helow 35
pecml arh Better preasion ac Lager manher of patients is incladed in the
analvsis Al cases o the teeads s e o ondy acsingle holo-RBE determi-
nation s eailable 2 canes o el hoth eves had total comeal necrosis
formerh evelnded Beeanse thens clieal response was not determinable.
a5 sile dose secipients at Fa T and ol sinee therapy at these
el was adentieal 1o that of double-dose vecipients. Tnitial Tevels 1y
arnon i subset of ol and parenterad recipients Figs 13220 60 as e
peected estremel low ondv 109 heing - 3 peeml. of which 22377 were
Sopermt B hones 91 29510 ob oral recipients and 90 (19210 of par-

caterad recipients had valoes = 3 el and Y0 and ST valies - 5
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30

20}

on
o]

Holo - RBP

[

X1

ssw
cesegesns sssgeass N

X 3A X 3B M.C.

Clinical Classifrcation

Fig. L3-L Initial seram holo-retmol Binding protein fesels smmong controls were all
above 3 pg/mland in TEC 5 el o greater, Ninong the vast majority ol corneal
serophthalmic cases (X200 corneal verosis, N3 aleers, N3B. neerosis) the levels
were helow 3 gl oStadies TP cFram Sommer et al, J460)

peml vespectively s A 21 hours, when the mean level among oral recipi-
ents ad dropped helow that of parental recipients. 9 of oral recipients
stll had levels - 3 e mband 78% - 5 peanl, Levels among all parenteral
recipients were above 3 pe'mll though the sitmtion is reversed at davs 3
and T These minor differences seen to have had ao practical fect. sinee
climcal vesponse in the two groups of double-dose recipients was identical,

The pattern of serum holo-RBP response provides further insight into
the metaholic processes tuking place. Ainony double-dose oral recipients
the response is clearly multiphiasic. the greatest net inerease inciveulating
holo-RBE ocenrred at 'Fy - Ty ip - 001 by grouped comparisont. Paived

comparisons between individuals with valnes available for adjacent deter-
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Fig, 13-2. Within 1l el receiving aomassive oral 200,000 10 oil-miseibler or intra-
musonha 100,000 TU water-miseibled dose of vitamin AL over Y000 of cases af cor-
neal serophithalmia achicved a holo-retinol binding protein Jevel of 3 gl or
higher. Levels rose further following o second dose, at 24 e Stady 1L rom Som-
mer ot all [160D
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minations indicate o drop of To20S ol e SEL pe 020 hetween
1

and 4 dollonved Dy acsialitly sinatler vise etween T and 1y stadistically

Cond U second rise ob 92 L LE e SELD e 03 between T,
sigrificant by aronped g 001 bt not paned comparisons. By contrist,
e vesponse among parenteral dose JINEPOS veciprents did not diopin
over b vadoes fstead there swae e saine sthoneh Jess entensiver rise L
tween Do Ty 001 Ly gronped comparison . a forther rise between
Toand Uy plateas hetween o and 1 and bther vise hetween T4 and
o The overdl inercase between Ty and T was sbadistically sienificant
po 05 by grouped companisone, None of the individual interval ehianges
eveept Py e was statistically significant by paired o onpaived compari-
sone Absence of the statistically signibeant decline in seram holo-RBE ol
served amone ord-dose recipients at (l;l) I snweests that the .\n|)r;|l|m'ln;l|
vitunin A levels achioved by parenterad dosing iy have heen more eflee-
tive at promoting continaed Liolo-RBE release.

The caly pattern and niagnitude of Tolo-RBP response was allected by
haseline protein status JIG60T A cornes! cases eligible for inelusion in Fig.
152 were separated oncthe hasis ol thedr initial seram albomin, into foar
wronps lable BT Fach individual s interval change in holo-RBP. and
Gee niean of these individnal changes oo was calentated. Mean initial holo-
RBE levels of individuals included in the Ty T ehange are also presented
for camparison. The amaller number of INCPO recipients precludes esti-
mates for some coellss By limiting analveis to the first 24 hours, single-dose
and donble dose recipients can be pooled. and the effect that feeding might
cventinally e onprotein sunthesis ignored.

v sfatistieally sianificant holo-BRBP response was clicited at 74T regard-
e of protein st op 001 - .05 The magnitude of the response was
cutieeh independent of the ronte of administeation bt was dircetly relided
tooprotenn statas o L9586, p- 02 Tor orad recipients: r- 09700, p- 0.
i the fewer eells wmong parenteral recipients).

Hheresponse at Ty T was more comples. Among both oval and paren-
teral vevipients the net clumge in holo-BRBP was inversely related to protein
St 0.99. - 001 and r 0.953. p- .03 respectively. Those
with the Tighiest serm albimin, and greatest rise in holo-RBP ot 1,~T ..
e cvperienced the smallest vise T this instance, however, the ronte of
whnmstiation adlected onteome. Ovad recipients in the 3 highest albumin
cdecones sallered aonet decline iy senmm holo-RBE equivalent to 41-55%
of then ntal vees By contrast, parenteral recipients cither maintained the

winee devel or reastercd a hivthier vise in serim holo-RBP.
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Holo RBP response i corneal cases of varving protein staties

dose i 3.0 34-3.0 34925 - 25
Ol dose?
On 4 G 0 G
it 1.7 1.3 0.3 1.3
sb 1.1 1.2 0.5 1.0
0 4n Y [ 6 4
AR 26,2 CRR R 48,74 F0.8*%¢
S 7.2 3.4 5.0 1.7
2 n 10 4 7 3
na - 10,74 -5.0* -3.6 +0.3
SD 15.2 1.2 6.0 3.2
INE dose!
On 2 6 ] -
i (1X1] 1.3 0.4
sD (.0 0.8 0.9
0 dn 2 6 3}
IR 26,000 s12.30 6,7 -
SD TN 6.3 5.2 -
RAN] | S 6
[TRY 3.0 s 4.2
h¥B) .0 5.4

1 Oral 200 000 10U alanseible vitanm v PO at time 00 1N 100,000 10 witer-iseible vitamin A intra-
mvscenban at time 00 Sane cases teceed Osecond dose adter 21 blood drasn 33 are all pared come
parisons Cases at 0 bare e available dor paired comparison at 1 he g8 correlated with sermn

Al categony

02 change ot 4 28 er 001 I change at 0 -4 hy

US26, - 05

bl b 1 SO
oot hange w1 2000
et hanee g op 0O
et chanee gy opoool

S PR

Do Somomer et al nty

When rats are deprived of vitamin A, serum RBP falls [283.294] by 755,
the remainder being denatured apo-RBP incapable of combining with re-
tinol 163661 At the same time, apo-RBP acenmulates in the liver, reaching
I tmics normad Tevels 1293] Onadministration of vitamin A, newly avail-
Able retinol combines with stored apo-RBP and the resultant holo-RBP
ponts Torth from the iver, After peaking at 2053 hones [253.290461], serum
BRBI levels decline. by 24 hoars, to a more normal steady state [283,294].
Rats suflering combined protein and retinol deficieney vespond in much
the wime way. thongh the magnitude of the honr peak is Tower [294],
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nudi biphasie holo RBP response ocenrred ee Table 135 Fhis s the
onhv mstance whitch we cin wnnl)h-h'l\ isolate the response from
otler variables. Additional af fess conelusive, evidenee s provided by five
corneal cases. one with depressed protein status Cindtiad albiomin 2.7 o dl
Hansferrin < 20 me dbasd Tone with more noroal status b 3.0
cdl anslerin o 200 e db who refised hospitalization and recen ed
donble dose oral therapy . Four of the five displaved the hiphasie response,
wor didd pooled comparisons from seven to cleven double-dose aral recipient
corneal s with initial sermm albomin levels 3.5 ol adl bt one of
whom were hospria'io b otable 132120 100 anlihely that improved dict
would by e had el of an-eflect on the protein statos ol the atter wronp.
or that the second vitamin v dose administered o day bow ich raised
therr s sernm holocRBE frome 18.3 e dlonsday 1o 229 on duy 3
conbed evplain the vise o 31O by day 7 difference however whicl does
ot reach statistical sientficances.

The eftfectiv eness of nassive oral dosingis hardly sorprising, Total vita-
e A i e diver of woswellnourished 7.5 ke child is roughly 30,000 1U
01 one ey enth the amonnt inca single capsule. Under normil civeums-
s 500 of wmssive ord dose is retained [AGEA85] Faen it absarption
drops becanse of PENE TISS] diarrhea 132110 worniinfestation 350,
392351 and the Tike to 200309 as Olson sudgests (53], this wonld stil
aipplyall the vitanin A required. Animal studies indicate that the propoi-
Hon ol the total dose deposited in the hver following an oral oil-miscible
donee 1t deast s areat as that following - parenteral wiler-miscible
one 0570 and that despite absence of o significant rise inseram vita-
i A doilowine oral or TN dosing in severe protein deficiency, the added
Gl A s stored i the Tivers Even sou the differenee invitimin: A re
ponse monz single-dose and donble-dose recipients. and early relapse
occasionad v encountered among severely prt)l«'in-(l('[i('i('nl children. sau-
ceate it administration of a second dosesat 24 hoursis to be preferred.

Whether ome cruplovs the doublesdose parenteral (EM-POYor purely oral
PO PO egimen appears tomake as litte difference hiochemically as it
dewes chmeally . Tovicity frome cither regimen s minimal. Not a single case
developed svmptoms of acute tovicity, Only 230 (6.7 of cases with reo-
comabhy clear corneas A2 reevamined within seven days ol therapy deves-

oped transient papilledenie onesa siv-vear-old, had received double-dose

(s o Bsaon o el ted e the 1951 vevision of the WHO recommendations for theraps

o verophithalnng \ppendin 1
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Table E3020 Holo BRE tesponese amene conneal cases with
bl sennm b Tevels =300 oo dlh who reecived domhles

doseonal therapy Stady 1]

Ihivation Sernm holo RBP gre il
NITER

therap. b I SD Medin
0 Jom S! 1.8 1.5 2
1 honns 11 R IS 27
[IEATS ] 15.3 k32 IS
IRISS 4 RRRY} 15.6 20

7 1|.|)\ 7 JLo 9.3 32

Eoomh nedides Gses swath values al one or more slisedquent peods

oral thevapy the others a aravear-old, 2000000 TU oil-miscible vitunin A
mtramuscnlar s A 2 vear- o d well-nonrished wonan with extensive cor-
neal verosis developed asvinptomatic papilledeni after receiving an oily
mjection af 2000000 10 followed by two oral doses one day apart {104,
Forr sitimme A vesponsive cases of conjunclival serosis developed transient
paptledema atter veceiving w sinde oral doses Finallv, o malnoarished
threv month-old bl nl.t(]\(-l'lt'nlh received two oral doses: although he
did not develop papilledema he did develop a bulging fontanclle. saguest-
e hansient elevation i intreranial pressive. Administration of 300,000
I bmiseible vitonin A as aosingle dose to preschool-age children at Trge
cansed transient sivns of acate tovicity inoonlv 190 L824 v 230 after oral
administration of 5o water-miscible dose of the same size [166G]. Bagehi ap-
peas to iave viven children with Bitot's spots 30000 10 PO cach day for

25 weehs without untowird elfects.

Protein and calories

Bimoat cases of severe PENL xerophthalmia wiH respond to - isolted
administration: of vitamin A ccompare Tables 13-3 and 13-7). Mori noted
clinical mprovement “soon alter”™ administering cod liver oil to children
vith hwashorkor: Reddy [60] deseribed corneal serosis disappearing after
civing vtaming A o children with PEM who refused hospitaliztion.
Retinol can cortaindy enter at least some cell lines even when nnattached
to transport RBp !lr\\]

But the clinical vesponse wmong, cases with severe PEM need nol be as

tapne s nors more importantly, as sustained, as in better nowrished individ-
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adiditionad cormeal daraee alter tecerome e first of their two doses Mo
of these cases were 'l(l\])ll.lli/l'(l whep: lll«') received o hich protein et
however: so the situation s not stricthy aalogoas o soladed vitamin A
”I('l.ll)\A

The velapse vate was signficantdy Tighier amone corneal cases with PEN
whonecened aaly asingde dose of vitemin A PO or IND than among those
who received two doses 03 S 3577 va 638, 100G ipe 05

These clnneal vesalts are inaceord with the hiochenneal data alveady
divcnesed There seems Tittle donbt that corvection of nnderlving PEN s
coical tothe manntenance of corneal improvement. and that vepeated mas
sive dosimes with vitimin A cevery two weekst s advisable nntil protein

shitus nmproses,

Topical vitamin A

Prespite it fonge popularity as a folk remedy [ 151 topical administration
of vitunin A iy neither recommended nor employved by most esperts, Sys-
tenne administration. required to reach distant sites and build wp liver
stores also iduces corneal hiealing [ISCTRL29003 04561 Unfortunately,
the corneal response to systemie therapy is often delaved o to four dass,
durmae which time the cornea may detenorate firther - 190,247,
2900135 4670 Tables 1325 o 13T especially wanong chil Tren with severe
PEAD Proe 265 sngaested that PEN-assocated depression ol RBP svn-
thess et e responsible for this delay ol deneastrated  that topi-
callv applicd retinoic acid had a heneficial etest on the cornea of vitmin
\depleted vt Retinoie acid sapports novaal epathelial differentiation
13 and apparently does not cirenlate 1 asaociation with aspecific trans-
port protein 16901704,

v controlled clinpcal trial of topical vetinee acid as an adjunct to systemic
therapy was cartied ont on cases in Study 11 A 25 w1 drop of 0. 1% retinoic
acid e aachis oil was applied to one eve, and the arachis oil alone to the
other i arate of one drop. eventually inereased to three dvops, per day.
Pl resalts 207 deronstrated that conjunctival serosis, and cor-
neal verosis and nleerdion. improved more rapidly in eves receiving reti-
note acrd than e those veceiving the placebo. resalts subsequently con-
fned i serophthalmic rabbits T Additional cases we studied sinee

cot oz report confirm tiese findings, and indicate, in addition, that:

FoComumetsal mflammation is conmion when the Trequeney of administration is

mereased fram theee 1o five (]l'n])\ per day.



ML IREATMENT AND PREVENTION

2 Athongh aleeration heals more quiekly eves recerome retiome acd occasionadly
develop denser searing

b Mo capnd ealine mdnced By topreallvadmmistered retimone acid rareh niakes

& cmedly sedrcant diference menlteats corneal recoveny and visial ont

e

These resnlis sneaest that l:)pi('.tl administration ol retinoie acid shonld
not eveced three drops di and shonld be veserved for eyves without central
nleeration o tor one eve of cases with central uleeration in bothe cto ensire
that at Teast one cve sall remanm intact. even il at risk of heavier searving.
Under ficld conditions. where it is likely to be diffieadt o maintain sterility
and adequately sapervise administrdion of the drue. complications min
ontweich benehits

The exact mode of action is imeertaing specific retinoie acid receptors
hice ot heens identified in the epithelinm of the cormead although they
Lo been fonnd in the conjunetiva 17210 and topically applied vetinoic
acud veportedhy stimntates re-epitheliadization of the mechanically Aenided
cornea ol normally nonrished. non-vitamin-A-deficient rabbits [473].
Whether retinoie acd offers e advantages over ordinary preparations of
vitnin A cretim D estersi is cqaally imelear: Parnell el 144201 fonnd that
topically adhministered vitwmmin A had w heneficial effect on corncal epithe-
linm in vitunin-A-deficient rats, Bors et abo [THH reported that vitomin A
drops (130,000 10U m} administered every two hours led to symiptomatic
improvement in their single cases but so did topical chloramphenicol [ 15].

sieeesting o local Tnbricant effect of the vehicle.

Surgical intervention

b cencral, active serophithalmia does not fend itselt to surgical interven-
ton. Ben-Sira ot al. 1350] reported successful nse of “covering aralts™ in
children with active serophthalmic corneal nleeration. T 4850 eves, the
anterior chamber wis eventnallv restored. T 1150 with eccentrie nleers
the coreas eventalhy Tealed with dear pupillary zones. These vesults are
no different from those of o rentively nonsurgicalt series. The vast magor-
ity ol uleers wre ceeentrie, hecome plagoed with s, thereby preserving
the anterior chinber, and heal rapidly on vitonin A therapy.

Complete corneal necrosis precludes any possibility of wralting. Tn those
fe instances o which localized uleers are too kuae or contral for sponta-
neons mnntenaee or restaration ol the antevior chamber. the angle is nso-

Al alveads Tost by the time the ehild fivst presents.



14. Prevention

I sometunes stench by the volime and eleeanee of scientific research
on nntrition on the one hand and By the fumbling and climsy methods
which we follos m trvinge to prevent deficienay disease and vaise Jesels o

nutrition on the other
WoR Ackrovd. 1958

AMthonal ahmost b mothers when questioned abont what they should
feed their chaldren wonld vatthe off the concral dict advised by ihie NRC,
the nomber who actually folloswed these instructions to any extent was

disappointingly T,
G Venkataswaimy . 1974

Green lealv vegetables are vibottled medicines.
AL MeCollum, 1925

That many factors influence vitumin A statos is both o carse and a blessin
it acconnts for the enormons size ol the problem but at the same time
provides maltiple avemnes for attack. Control of contributory and precipi-
tatine disease may have o dranatic impact on the problem. o lege pro-
portion porhaps wmnagorits - of surviving children blinded by serophthalmia
e Indenesin comeal destraction was precipitided by micasles. An eflective
meastos vaceiation program wonld probably reduce the nmbers appreci-
ablve But oudy by cosunne that childven reccive adequate supplies of vita-
min A wall the bavic anderlving canse of the problen be removed.

B wencrb three techinigques hinve heen tried. with varving snceess, for
mereasing vitoom A intahe: periodic administration of koge doses of vita-
min A\ addition of vitanin A to one or inore commonly consumed itenis
tortification and mereasing the amount of vitonin- and provitamin-A-

rich foods i the diet (132471,

Periodic dosing

Periodie dosing tihes advantage of the et that Lrge qnantitios ol vitamin
A can he banked vy in the Tiver for futare uses Tt will be rccadied that
well-nonrishied adnlts reared on normal Western diets require vears to he-
come depleted 19091 115]0 This suggested the possibility of periodically

“tnmanizing” childven with kirge doses of vitamin AL Becaase of the logis-
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tieal |n<>l»|n'n|\ nohved it was |m[1m| that it wonld be unnecessany o dose
the children more than once or twree o vearn Bt children’s Tivers are
analler than adults the nomit of vitonm v absorhed s iversely
rebated to the waze of the dose and ftnenced by the presenee or absence
ol cotcoritant lnesses 321460 1657 andds most eritical of Wb there are
Bite 1o the wmonnt of vitonin A it can he sadely adimiistered at oy
one Line 121 05 170 106,

Vit \ requirements of children hane heen foraels 4'\(|;l|)|»|;ll:'d from
stndhies ona Jimited mmber of Tiealthy adults TITTL Incacclassie experiment
it was concuded that 1300 10 retinol per diay was the absolute minimal
vecptirement for o hedthy adnlts Given biological variahility and the effects
of disearcand metabolic statns. the mimimal recommended dailv allowancee
RIDA was setal turce this omonnt. 2500 10 day 7900 FAO recomiended
a DA tor childiren ap to nine vears of wge of 230 400 g 525 1320 1L
per iy TS 1797 More vecent works snguests that this ma he o moderate
anderestinnate 191

Vet o B of 2500 10 day and 50070 vetention of amassive dose

61165 300,000 TU were evpected o “top-up™ dictany sapplies by an
e 001U dan Tor one vear E0E This proved overly optineistic: infece-
oo aned indestations. cenerally connmon i the tavget population. duaran-
tec that Toss will e ordinaedy absorbed. and the rate at which vitonin A
Lewive s the Biver s related to the size of iver stores awith 140 of rouehiv 50
davs 1350 Althouah oilamiseible vitomin A enters Tiver stores as readily as
water-mniscible preparations TS with Tower risk ol tovicity 124166
cven Ui 195 mcidence of transient diarhiea and vomiting associated with
the 300 000 10 oil-miscible dose disconrages  community participation
20 As acresult s ord regimen of 200,000 TU oil-miscible vitamin A,
cvery siv months has been widely adopted.

Orval administration of 130,000 300,000 10 veportedly fails to maintain
normal serns vitaing A devels for more than one to- three months

FI601S00 1820 perhaps becuse of extremely Tow vitamin A content ol the
Doasal dict 23050 Stricth controlled trials indicade that administration of
200000 10U every four to siv nonths protects the recipient from mild e
vophthahnie NN NG9 1 TAS3E Less well controlled observations of
actid ficld progrnms sueeest similar fevels of efficaey 12245 0485]. Logis-
tical diflicnltios and ethical considerations preclude conenreent. prospective
controlled stady of the valne of periodic massive dosing for preventing se-
vions corneal discase However imtroduction of miass distribution programs
i L1 Salvador 53387 India [GL Venkataswamy. personal communication ],

o Bangdadesh NG Fdils personal commmication] have not been accon-
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panted T reduction in the mmber of cases presenting to climes and
hosprtals several tctors conld decount for s, Hlospital statistios ol
not veprese it wlat s happenme e the commmmity, childven e greates
v ray Bt those missed By the disteibtion mechanisnn, or the sever-
iy o thon vitamin A deficieaney . ceneral maloateition and concomitant
l”lll RRTRY HH‘,'.}II “'I"I( ! ”I“ (.l]l\“l"‘\ HH'”(“ “'\('.

Besults ot the hospitad Based tndosesian stndivs Stadios T shoosd
Ao the vt tegority of corneal cases would e prevented it childien reg
nhulvvecened 2000000 TU Vit AL Almost alb ehildien with severe cop-
neal discase vesponded ragndiv o vatamin A therapy Chap. By I vitonin
Vocans o established comneal diseases it should also prevent its ocenr-
verne s especalle siee perodie dosing shonkd prevent sernme vitanin A
fovobs from ever Bdling o Tove Tlowever, this amalysis is complicated by
the tact that most children with cormeal disease also received supportis e
thevpy Bt not alle v total of 22 cases relinsed hospitalization and there-
fore recened anby vitamin AT o sinele 2000000 TU dose 15 0 second dose
the tollowme dav . Ten of these 22 were severel nalnonrshed seven ha -
v teank pedad cdene and T had stronaad invols erent. Toall 22 Gises the
comnea tmproved or healed completely indicating thad isolated vitamin A
therapye vallindeed prevent comeal serophthahimi, One guestion remains:
for Biow fonn

Fawo cases hoth showang cormeal improvement by day 3 cone lasing re-
conedcsmade capsales the other two capsulest subsequently agreed 1o
hospitadeaation. A thivd,also showing improvement on two capsilesy was
Jost to fadlon np and dicd at three wee o OF the remaining 1Y cases lol-
bosved wathont hospitalization for 0.5 1y months onean 7.6 months: two-
Hovdsancmonths only one saflered sigaificant carly relapse. This child
cane 200001 was severely malonrished albvmin 13 wdl Aler healing
cotnpleteh hiliterad nleers retimed 16423 days alter he received his sine
Sledeecs Teahing commenced within a day ol receiving o second dose. bt
o cdold dicd tao (l.n)\ Tter. None of the other cases |‘t'|;|[m-(l within 6
et althonehy severely malnonrished child (|1'\¢-|n|)(~(| cornesl verosis
Smonthes e receving asingle capsale s and an additional severely il
novoshed Child developed nighthlindness 13 months after receivine two
dowes Hence onlv Tout of 190359 Gises (018 sivisorst with extended
followcap sattered wccorneal destrnetive relapse within sis months of vecei -
e one to wo massive doses of vikonin A Tor severe seraphthalmia, Chil-
l]l('ll wlhio |«~('r|\ml two ('il])\lll('\ or \\|m were ot \('\('l'('l} lllillll(nll'i\ht'(l
Lored hettes than their Tess Tortimate peers.

o v a0 swaorst case” test. Distribmtion programs shonld theoretically
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veach daldren hetfore they heene anvwhere near s (lt'[\'l‘!t'(!v et
lone-terng Tollow npy o the T who recened Tan \'.l[)\lllV\ a ‘l.l} apaal
additional ilteenth case s ome ol those hospatalized on dav 3 lmn\l(l(-\
closer approsoation. One died alter healine Hiee woeks and onlhy
one e lapsed at b the elald who developed mehtblmdeseat 13 months

Tnchividiad  who continme to recene JicCmobediv defiorent o vitunin
o preoatning A e relapse st 12 monte ol vecen g e e the
apn His ocennred e two mdinvdials cvanined boefore Stady i1 Tewan,
O s o dom vear-obd hov who presented withy lavshiorkor and corneal
cetosts. Brots spots od corneal serosis retined - eiahit months after
Linnetration of wamete capsides The second wae o 20 vear-old otherwise
well notrished wormar 101 She reccived 100,000 10 o nnsable vitamim
v onetnnsenhaehy lxln\ P nssive 00000 10 ol &.l|!\l1|«‘~ fon severe
conneal serosis When esamined aovem Lo nichthlivndness Bitot < spols
aned \.vlulthllmlmlr retinopatin Pad b cetinned

The vebipse rate aanong chaldven with Bitot's spots Study 11 treated
with o snede oral dose e bemost anadogons to the potential ellicacy of
pevtodic tasaye dosme for the precention o verophthahnias A modified
Lo table advses Eable T mdicates that protection shonld Last least
o monthe Lnd et substantiad considerably Tonger, M chitdren were
covonnted Tor by lome vsits at the end ol the \hl(ll\A althongh ot 1 ve-
P ned tor each monthv examimation see methods:,

e sast tagonity of childeen recetving 200,000 10 vitonin A every siy
month honld thercetore e protected from severe corneal serophthalinia.
Vo adeqaey of the hasal dict and prevalencee of aeneralized nadnn-
Getron ] ostenmse ndections e infhience resalts. the nigor problenis
o teacime e chilcien at arcatest rishe No matter how well conceiy ed

and orcaneds proceans rarely reacl more i SO0 of the children

H-1 Belapse e ol ehinieal serophthalinia Stady D

Fliihle

ol g Ton evan Faamined Relaped

sonths 7 n “ n s Cumn. ‘o
b2 5 343 0HS.5 0 i

ol N 20 12.6 0 v

Ooh i 14 13.2 0 it

T 35 19 a3 | 3.3 3

o 24 s 5.0 ! 0.6 10.49
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Table © =2 Proportion of cases of Bitof's spots with «
Distory of nightblindness Studs 1AV

Flistory positine

(lrngl;llllm Cases of NTB for AN
ares n " 'i
Urban N3 34 47.0
W lina (62 38 61.3
L Java 15 3 7.0
F.Java 31 4 12,4
Bali 11 3 7.3
Lombok 37 17 15.9
Sunntra 38 25 63.5
Sulawesi 17 n 1.2
Ralitnantan 13 4 69.2
2 9.5

Ambon 21

pendently of one anothe - The marked variation i sensitivity from one
region to another may reifeet the degree to which inhabitants recognize
the condition. or the difficntts that the teams: all frons West Java, had in
identifving locally appropriate terms, Village-level Lealth workers are un-
likel to experience this problem. thongh in some areas the local ternn may
L inappropriate. and a deseription of the condition requived. Cobb [354]
fonnd it the term used in e Louapulie Valley to deseribe nightblindness
aleo referred to cataracts. Anadyses of |)|llm|i\|n'(l datie suggest that i history
of nightblindness may be as sensitive i other conntries as in West Java
and even more specific than the presence of Bitots spots. Prior to initiation
o pitot intery ention progran in Cebue the Philippines., the prevalenee of
nichthlindness was 13 times that of Bitot's spots [183]1 Alter intervention
Loth rates tell. bt nightblindness fell by much more, sugaesting that many
ol the Bitot's spots had heen persistent. inacetive Tesions. s docimented in
Bengal 1] Venhatachalany [134] veported that 54 of Indian children
with conjunctival lesions were nighthlind. a fgure very close to that of
Wt Java, which is surprising given the high proportion of inactive spols
in that population. Similariy . ina baseline survey Swaminathan {124} found
that the prevalence of nichtblinduess rose from 05 at ages zero and one to
250 by age fives s rates for Bitot's spots of 0.8 and 7.3% respectively.
Viter periodic nassive dosing. the rate for Bitot's spots fell by only 5000
and by even fess i the older age aronp. again suggesting a e proportion

o nactiv e desions. 1Uis not cear whether Swaminathan's classifications ol
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Table F=3. Prevadence of regulo consumption? ol potentially

fortitiable agents random soples Study Iy

Percent constunnng regakoly !

Ave Total
e I MSCG Wheat Sugar
] 1031 13 34 20
1 1102 63 N b
2 1031 by N 63
3 1079 S0 A 66
4 il 53 3N 70
5} 1024 S BN 1
Total? 6333 67 51 51
Cla 06 - 65 53 -53 -7

12 onee per week.
2 Tnclndes children of nnhnown age.

Table 14-1. Prevatence of regular consimption® of potentially
frtifiable agents eases of Bitot's spots, Study 1\)

vereent consuming regularly!?

Aue Tutal
s " MSG Wheat S
1] 1 0 0 {)
1 25 32 52 K
2 il 64 3 &3
3 91 v 5] B4
4 0 70 53 71
3 42 7l N 43
Total® 35N N 3l a6

Cla 65-72 18-51 33-5Y4

1. =1 week

2 Includes children of unknown age.

tiom of the added vitumin A will find its way to the target population, re-
ducing the wiste. henee the eost of the program,

Identifving o preferred s ehicle does not guarantee fortification will prove
practical. Innumerable political. commercial. and technical obstacles need
he surmonnted [499].

Increasing natural dietary intake

Capsule distribution and fortification are artificial means ol compensating
for inappropriate dictary practices. Inomost communities changing those
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dictany practices should be the least expensive: most widely effective Tong
e solution to e problene The Bt step s adentilvmg which thes are,

The most eritical dictoy Lctors inc Indonesiaowere carly discontinnation
o Beast feeding and inadeqguate consumiption: of carotene-rich fraits wd
dak wreen Teafv venctables Chap 90 These e ko' 1o De nigor Fretors
v athier conmmmmitios as welll Proloneation of hreast fed ding and cinly i
todiction ol readily dicestible heta-carotenearich fruits shodd have wosige
arhcant mipact oncthe problem. expecially doving the Bt two vears of life.
B cenerdd however. the Teast expensive. most widely and eonsistently
A abable sonree of Titomin AT s dark green leadv vegetables,

Dok creen lealhy veoctables e a potent sonree of provitunin A caroten-
ords 290 Dae to inelliciencies in absorption and cony ersion. oily prepara-
tions of heticarotenc, the most significant of the provitamin A substanees,
vield adt the vitmin A activity of the preformed vitanin [90.91 1755001,

Vetnvity of hetascarotene sunplicd s vegetables is shightly lower |45,
TS 1795005020 But conking, which breaks down otherwise indiges-
thle collnlose constitients of the yegetables, and addition of ail imereases
dheorption sdanificant!s FEETOEIST 0 may reach 0G0 evens in undernonn-
ished childeen _'{l\;{

Despite s Tower activity s the carotene coneentration in daby odark green
feady veuctables as so high that ineestion of 65 ¢ nl"\pin.‘u']l costitated. for
comparisan to contan T RDA eqoivadent to 7500 TU carotene or 2500 U
of the prefornned vitamins is cquivalent to 63« of call Bver. 227 < ol hens
ces D7 hiters of whale milk, ar 6 ke of beet or nntton [IS ] I addition.,
sovrees o provitamn A especially dadv e B less expensiv e than sourees
o the prelormed vitoming This Torgely acconnts for the faet provitamin A
carotenoids provide most of the vitain Aactiviiy in the diets of depressed
cormtmnmties i which serophthalini oconrs [273013 015 164853503501,
Solon 2757 calendated that i Cebn B dollio would by 2000000 TU of vita-
rone A actnvaty from vegsetable sources, bt only 8333 TU from fraits owhich
ate often sold s cash cropsand 1356 TU from other sourees.

Roncahlv 900 e of heta-carotene per day. as dedv e are required to nain-
foneserine Vit A levels of otherwise healthy vonng children J-IS1.503].
Phirts to foriy 2rans of enoked dely dess o a handful [504] raises their
sert it A levels BHESCHSE Ater being fed 30 ¢ of cooked dalv
perday dor three months, children o a markedly deficient (3300 (U
cootene dany diet maintained adeguate Tevels for at least Tour to five
months ISTS05 306 0 Dark creen leals vegetables alone can cive sero-
phthidinia 2550 even though systemic infections, common in these chil-

dren ont caratene absorption inc Lalf 13001,
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Vool the carotene content of dulv vanes with the spreecies andd aee ol
the plant. ad methods of caltiviton and preparation ST OTHIO00 50050
v din will veneradlv sapply the dath requirenmients ol vonme children
Otonen (dO 1! recormmends that the Teaves beont i Betore cooking and
then mived inowith the staple food eoerice to cnconrae conmption. In
e cane of vonne mbants 1 be mashed o sieved s Sevend anane of ol
Jronld beadded to promote absorptione s iommecessanc it coohed
ook ool cookime o bree amonnts o oil will leach mineh of the
crotene ont.and Lo Tostat the oil s disearded. Soderate Borline Tas ittle
clect on e carotene cantent of the leaves, and will destroy o remove
potentiadle bacardons substoces e evanates and onadates formd mesonmie
S0 o071 probabilv swase to thirow the Fesidual swater away {1534

Havine diseovercd that serophtbalmice children domot consume adequate
drontities of ol e then necessioy b diseov er why H152] 1 makes it
wonse to eavtoll the vrties of areen tealy vesetables it they wre not [oeally
acababile T mahes conadic Titthe sonse to enconrage home gardening i thes
Al

Mhe Todonesian conntivwide sumvey - Stady IV revedded that gle were
Comtned one or more times acday by S0 of the Lunilies of serophtbalmic
aldien and at Teast onee aoweek by 990 evacthy the same as for fonilies
A nornad childeen Table 115 Redneed e consumnption of serophthalmic
abdven e ondy he esplianed by their Fdlure to partake. as often as their
vormal peers ol foods adreads available i the Tonseholds A sinika coneln-
aon hae beon reached Ty others 1050 19351,

Cavalabilite it problens why don’tthey eat more areens? Mothers
whe chnned Ut their children never ate greens were asked whv, Re-
potes for noral Table TG and serophthiadmic clable T-T children
were ronehlc sl The Loger number of nornils permils more precise

anaveis Enclnding Tother™ primarily childven who had not vet been

Table 115 Family consnmption of green lealy vegetables Stady 1V

5 Drastribution by frequeney ol consumption

el Total

Satis nt sl =l =lm - tm never
AN 335 Tul 9.5 0.5 0.0 0.3
i 310 SEDS (. 1.2 0.0 0.0

N\ SHTH 5S4 16.5 1.0 0.1 0.2

Foandy date for ek chidd o sbidy . some damthes are thegetore metaded mae than onee
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Tuble bi=6. Reasons for children never cating green Teaby vegetables onndom
sanple U Study TV

¢ Distribution by reason

\ee Total 2 Not Not Too Child Can't

Vears e heonght available strong, dislikes cook Other?
0 T3 0.1 0.0 23.4 7.1 LEG AT
| 2 0.7 LS 1.2 39.5 17.9 25.5
2 A 2.6 1.3 2.6 0.5 m 15.4
3 10 2.5 7.5 0.0 67.5 12.5 10.0
| 7 0.0 4.3 0.0 TNT 5.5 8.5
3 % 1.9 3.5 0.0 ST 3.5

LY

Foore vandom sanples mchiding normals, admormals - and mutelied controls.
Chddien who never consume gh
Vet mgonty ol those under 2 vears not et weaned.

P

weanedanothers often thonght green lealy vegetables were unhealthy
“too strong” ors mach the same thing, did not know how to prepare
Qren tor veny voung children, The veason most frequently cited for older
children was their dislike of alv. The relative importance of these fctors
varted from one enlture to another,

Koowing that ereen leay veaetables are veadily at hand. and the reasons
they e not heing consamied. provides asolid basis for designing interven-
o sbadenios. But these need to he caorefully Tormulated and tested. Nu-
nition education programs has e beens notorionshv ineflective at altering di-
ctay prcctices 13O0S] thoneh 3000 ol mothers who had staved with their
children at wonutrition rehabilitation conter claimed. on follow-up. to have

continued Teeding them areen vegetables every day 7] Perhaps alinely
Table 1=70 Beasons for children never cating green leafv vegetables cases of
Brtot « spots. Study 1V

2 Distribution by reason

Ve Total ® Nt Not Ton Child Can't

Vs i honglit availuble strong dislikes ook Other
0 0 . . . _ . .
! 6 0.0 0.0 0.0 oh.7 16.7 16.7
o 10 0.0 10.0 0.0 6.0 10.0 20.0
; 13 0.0 i 0.0 64,2 7.7 15.4
H 4 0.4 1.1 (.0 55.9 (.0 .0

5 13 0.0 15.4 0.0 (9.2 T m

ot ]l[!llll i \\ll“ nes el cahsuine ﬂl\
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focused approach, tadange into accomnt focad coltorad prochivities will e
credler strecess, o l'\.llll])]l'. childb vearine in Indonest s “|)<~.|n' Or-
ented™ 12550 Vdvisine others onowavs toinerease the palatabibin of
arcen leady veaetables ceoe choppimg ap the Teaves aond iising them into
the ehilds vice e el o prove more productive than simply eshorting
Ber Lo doree hier dladd to cat thems v procean for Teeding Indonesian chil
dhon a spoontul of ped palim ol cvervdin 504 Liiled Docanse thes ohjected
to the taste of the mediome ™

o oeas where crecic dealy veaetables are velatively saoee or CAPCNSive,
home cardening or other Tiortienlteral activitios niay necd to he promoted,
Pivie 5070 calenlated that Bess than 2 soproe meters of carden i the Phil-
ippines conld supphc the daily vitanin A requirements of a0 vonng child,

This approach Tas only st Begun pilot testing TIS3019T L



Appendix I:
The Indonesian nutritional
blindness prevention project

Background and methods

Nutritional blindness has Jong heen recognized as a serious problem in
Indonesia, D 1972 the oy ernment initiated a limited progeam for distri-
Dution of hich-dose vitimin A capsules as an emergeney measare in 20
districts haboapatens where the problem was considered severe. T the
e v colliborative arrmgenments were made with Helen Keller Inter-
nationd then called e Smerican Foundation for Overseas Blindy to eval-
aate the cllicacy . cost and ellicieney ol this pilot program. Resnlts indi-
cated that rewilar admmistration of (:lp\u]('x redinced the occurrence of
wild fornes ol serophithalmias but the incidence of sevophthalmiain: the
mtreated wronp pointed to o problem of enormons proportions and - the
cost ol evpanding the specialized capsile distribation systens nationmwide
was prohiibitive,

v\ steering committee wis established i June 1975 o esplore. along
with representatives of Helen: Keller Tnternational. the possibility ol car-
Ping ont s project aimed at answering nagors practical gquestions that re-
mained obstacks to the development of wnational natritional blindiness
prevention progran.,

These included:

EoThe imderlving cause of the conjunctival and corneal changes tradition-
Al aseribed o serophthalmia, and the relative contributions of vita-
min A deficieney. protein deficieney. diarrheas meastes Tocal ocular in-
fections. and other systemic discases in their etioloay

2 Epidemiologic determinants of vitomine A deficieney. serophthalmia,
and mtritional Dlindness wage. sess seasonality, clustering. feeding prac-
tices, sociocconomic status. general mutritional stalos, intercarrent -
fections. demographic chiracteristios. ete.r which might identily vari-

ables amenable to intervention,

sppendin 1 reprited with moditication. frome the progectss “Final Report™ [3104.
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3. The e history of nightblindness. Bitot's spots. and conjouctival se-
rosis: theirvelitionship to corneal patholosy - the vadidity o the coneept
of sequential stages of verophthadmi: wd the potential vidue of nsing
these milder siens toidentity children at inereased visk of ntritional
Blindraess,

EoThe most practical forme of ellective vitanin A therapy for serophithal-
i,

S0 he potential value of periodic adndnistration of amaessive dose o vita-
min A dor presvention of notritional hlindness.

6. The incidence and prevadence of serophithaloae and natritional blind-
nessand the naenitode of the prolilen

T The relutionshap Detsween the prevalence of varions clindcal manifesta-
tions of serophthaliia in acommunity and its visk of sutritional blind-

eSS,

Four basic studies were planmed and carrvicd ot

Goeneral methods

Project headguarters were located at the Cicendo Fyve Hospital, Bandung,
which has the highest serophthidmia caseload in the conntry. Exeept for
detawled clinical clirts compiled i Studies THHE all forms were precoded
for direct transfer £ SO-colummn TBN cards, These were reviewed and ed-
ited by the project’s statistios section hefore punching, The statistios see-
tion abso compiled simple. hand-tabalated anadvses onca sample of the in-
cominge datic as omeans o monitoring performance and progress of the
sy study tewns. d of identifving eritical and nnespected vesults re-
qurrne further investivation,

[ Bwrwe pant the studies were inte velated. the results of one being nsed
to-combivin o espand those ol another, Active cases of corneal serophihal-
mcidentificod e Study 1 were hospitadized and stadied as part of Study 11
v hile patients i Stadies THand B were used to train and stindardize the
teams that carvied out Stady 1V

M stody teams seere trained Jor at least two to three months, standard-
rredsand field tested.

Statistical tests cnploved ase of the normal deviate 20 corrected for con-
tinuite s ol sguure 7 with the Yates's eorrection, Fisher's exact tost,
Student's 1+ test o paared and impaired samples. tests for linear trend.

and correlation and regression analyses (317 513]
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Sernm vitunin A levels were determined by the micromethod of Neeld

and Pearson 1371 holo-retinol binding protein holo-RBP by that of Glover

i

et al, 631 aned total-BRBP and transtervin by that of Nancini [63].

Study |

This wis o longitudinal, prospective study of 1600 preschool-age ravad chil-
dren reevanined evers three to fore months, The stady was caried ol in
oiv villiees of Kahapaten Parwadkarta, West Javas o two honrs” drive from
Laharta, the capital city to the north. and Bandnng to the sonthwest. They
were chosen on the basis of Jocal clinical records and exploratory “mini

sirvess” which demonstrated o lieh incidence of serophthalniia.

Muappring. consus. and survey

A o prediminan step. the sivstody villages were completely mapped and
Al onses nunmbered, During tie nest phase adl houses were visited by
members of the field tean and those families containing children less than
siv vears of age were envolled in the stndyand assigned aostady muber,
which was then aflived to the hoe Vitad statistios and sociveconomie data
were colleeted on the family cnd cacl of its members dorms 103 A and B
Names e sevs and study oumber of cach member was transferred to a
registration card it remained with the fanily Ao 1048 and census ook
form 106 The team’s supervisors revisited 1002000 of Al houses and

checked the accuraey with which the forms had heen completed.

Clinical roundsy

Seven regnlar cinicd rounds were carried out between NMarch 1977 and
Dceember 1975 Midway through the seventh rvonnd o special validation
sty was instituted: Wl dildren with serophthalmia aight blindness, Bi-
tols spots or conjunctival serosist were randomly assicned to receive one
A tdentical appearing capsuless 2000000 or TO0 U vitamin A reting]
podintate ol Assigianent and administration of the capsules were -
dcd ot by csapervisor The phiysicians were parposels kept anaware of

Sk capenle cach dold reecived. These ehifdren were reevamined in

Voot UNICEE sapplied capsude contanmy 2000000 10 retind padiatate and 10U
ao b e tcmpple ot ol L the contents expressed inta the chidd's ot
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donb e o hed Bedoon thee weeks alter ieatment e cach received an
clditiomad Tavle dosae capenle ot that tumee Thiese post toeadient recsani
rations constinte aospecal cielth validaton onmd o docnment the
Vil N responsivenos of the chimcal dienoses

VI cvmations wore cannied oot by sinele teams composed of
cpbthidmolonst pediancin o saponvsony mnses and cielit conmeras
fon Phe canomerators went honse to hos H]nl.l(mt' hasic llt"llULLI‘lpllll'
datcand ade e Wb stndy daldien wath e belp of e licld censs
ook el tonaly retaned veontiation cads ST aonlable caddren were
Brovelit to o contial pomt where the oplithalimolocist examined thien eves
woth o haedhiobit he ]\1’l||.lll’i(’i.lll cartred ot cenenad |)||\w‘.|] AN
o and then boehitand wershit were measinred  withy o calibnated daom
o bon Dboadance o neranoise”

Fhe mahiitionist collected dictaony Bistories s TOSA B and €0

maebed Lshnon oncalb ehaldven with oot e serophitindmian AN N X2 NS
then ondched contiols dthe nest elaldh of e wane aoe and wes i the W
nerehiborhiond aned |m‘wlu ol \Hll‘ullllllil ol the stady In)pnl.lliun AU
whole Dhrines the it cheal ronnnd fineertip Do \.Illll‘li'\ were oh
taned frov those same clildeens darme the Tiest roand the \Il!)\.llll]!l('
comprised don ol stads children and bloods were tiken onesery ather
membor - durme the secand ronnd e subsaample was composed ol 54001
dicdnddien

Vi hoabd sl corncal i olvement o or dter the second clindeal ronnd
ESO deviirs o mmore of confpimetival verosis s imlnr(li.th‘]) oflered hos-
pibalization nd treated Chuldren withont severe seroplithalnsia hat with
covore o bon or ibe theeatening illness were advised o eo to the
locad Poskestnae health clinie o Tiospitaland it willing, transportation was
provided where necessancs Claddren with moderate congh or disrehea re
oo oy tplonati lln-mp\ diconaestants and (u‘;ll)h' I'l‘\])l'('li\('l) ),

e sabionple was proeselected s project leadguarters, Bandong, Foy
e Tt vommd . ol stady Limalies were seriadly arsmeed . beginning with
favonlc moonber TV T witheeo Citeaone, AMter o random start hetween |
cadl 10 evere teth Looely was sosteniaticallv inelnded. Bload samples
were dron ol peeachool aee children esiding inevery other Funily i
the snbamples At cach subsequent ronnd the ariginal start was advanced
ane e the praceac repeated and evers twentieth family ineladed,

Intervieas were carried ont me both Sundimese and Tndonesian . the enn

tetdors beine ient o botl
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s o that of Bis nored by Bustony - peers. Onsabsequent romds the child
e allosved to dark adapt for U3 min i acdarkened rooneand his ability to

focate: his mother, 610 fect awan . similarly tested,

Analyves

Cooperation remained high i all villages thronghiont the conrse of the
~tudv - eveeptin the conservative villaze of Citeko cwhere 25 5000 ol stady
childiven olten refused examinations,

o ovder to inerease e ellicienes ol the field work and shorten the in-
G Between evaminations af the end of e fivst clinieal round the study
popelaion was tedinced fron ronghly 5000 to 1000 preschool-aoe children,
this was accomplished by escliding severad arcas contizuons RS in
which Bitots spots had not been foands AL inadyses of imcidence. and of
the reldionship between meidence and prevaleneeare fimited to the non-
evclided RTo Fonr WIS mistahendy dropped during the second clinical
vormd were reentered mto the stady daring the thivd. These fou RTs are

melnded i the analyses.

Blood YURNUHEIN

106 600 g1 of blood were collected in unheparinized capillary tubes at the
contral pomt and seaded with molten was, These were then placed inca
cealed test tube and stored inan ice-filled. covered chest. They were spun
e s evening a lield headguarters, the elear serann separated by snap-
prne the capillan tihes above the level of the packed cells, resealed. and
Jupped to the Biochemistry Lihoratories at the Nuotrition Rescarch Tnstitute
in Bovor moced. seaded contamers at the end of cach week.

One capillon tube of Blood was aaly zed for hemoglobin ispeetrophoto-
tetireallv aath Dirabhin veacent at field headguarters the same day the

Blond was obtained.

Vs het pattens

One wanme o sniall Tocal storer from: cach RR Gy collection of RTs was
Coated durme every dlinieal round and the availability and cost of an item-

e dist ol food items recorded.
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Hons were carricd ot m e follow e order: feadlichts Slithonp waith and
without sterile Buorescem sawablbnne aned SCTApiies ol corneal uleers
bacterna and toner Faocoanmine creen stanmee. Sehirmoer test after admins
teving topreal anesthiesi and Blottme the interor cul desae din (310105150
appheation of dilatone dops dork adaption 30 minc exvamination for nivht-
Blhincdness onl indiect ophithadimoscops

Sovhthlnchess s assessed by e doatime the individual’s durk-adiapted
ability to locate o parent o aindian S feel vy e a roam darkened 1o
v b that the normal obserer conld read headlines hut not ordiny ews-
prnt atter 10 nan ol adaptation.

M fesions were carefilly dieevn and alb eves photoaraphed.

Ductary and socioceonomic duta

Dictary histories were colleeted hyanatritionist and sociocconomic data
by o specially trained ennmerator on forms similar to those cmployved in
Sty 1L

Follow upe evaminations

I veneral all cases with cornead involvement (Study Twere offered hos-
pitalization. those withont corneal involvement (Study 1 and controls
were not Hosptalized patients were examined dailyand all othiers accord-
e o the sehedale i Table A-1day 0 heing the initial examination:.
Fven reasonal e attempt was made to follow all patients at recular in-
tervals s Undortnnatel . onee the patients Dewan Lo improve, parents saw
Dttt reason toetirn, When they failed to appear Tor o siecessive visils,
G heter was sent to the home craing theiv returm. T the cse of severen
A cornead cases. a member of the stafl visited the home i they failed to
respond to the Jetter, AU the completion o the study apersonal visit was
niade 1o the homes of every subjeet not examined during the final two

Tuble A-1

Stads 1 Study 11
Daiby for T weck Dy |
Dav 3
Weeklv dor 4 weeks Week |
Week 2

Monthiy thereafte Monthly thereafter
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months 1 acadable the patient swoas transported back 1o the liospital fon
evatadion 1o not avalable the veason was soneht frome velatis es aned
nehibors it he Tad moved to g new addiess i West Javicand this was
Fnoswns b swas visited o the elald T died the date aond apparent canse of

death were vecorded,

Biochomical studies

(hvee cubie comtimeters of venons blood were collected, tranlerred to
capilliny tohes spunand e dlea supernatant stoved at 200 €0 Vikanin
vodetermnations were nsuadlv carvied ont withins one week and never
more o two wechs following collection: holo s tmol hinding protein
Lol RBE detenminations wore nsuatly canried ont within two months,
aned never more than crehtU menthe atter collection, .\.unplwx NYRRE .m.(!_\/,('(]
at e Leboratores i Bogor i mashed fashion. for vitanm AL holo- BB,
prealbinnin total BBE. and transterin

Blood saanples were collected rom adl patients and controls at the initial

cvamination czero homrs and thereadter as i Table V-2

Fable \=2
Stady it Stuedy 111

patients and controly

I Tionne ! hour

1t hons

TN I day

2 v contially onlhe

3 s BRIATE

I week I week
2wk

3 weeks

Faechs

rsomthily ienthly

Becanse ob cquipment failores vitimin A determinations are not available
tor the perviod Inly 160 1977 through Jannary FE 1978, and holo-RBY de-
termimations lor the period after May 150 1978,

Viievobhial studies

Swabis and serapings were smeared for innnediate evaliation and diveetly

plated o imocndated onto the following media for hacterial and fungal col-
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b Blood aen chocolate aear. Sabonraeds 20 and bomllion. vl anad
vees were canied ont by the Bio Farmac ibordones i Banding in mashed
fastiion

Stool specnsens when available s were evarnined at the Department o

Pablic Healthe University of Padiadiaran. for ova and purasites.

ll/\lu/ull/lu/u::h NITUR

I aclected cases, small 2+ Do conjunetival biopsies were taken from
cither the tenpord o nasal quadrant. and from the inferonasal gracdant.
ander topread proparacane o subeonjunetival swlocaine sanesthesia ot com
pletion of e evamimations Topical amtibiotic ointiment was applied to the
Biopated areas amd the eyve patched and exaniined daily rntil healing was
complete sy oo don Jdivs o some instanees conumetiva ob the
belfons v was biopsied al a preselected interval following treatment to
stinds the resolition af the Tesions.

Pichit tosinession and scmming electron microscopy of hiopsy speci-
mene were carried ont at the eve pathology Taboratories ol Johus Hopkins
and Tharvard Medieal Sehools.

Froatment and dinenosticitherapentic trials

Sty . Uniless severely il patients with isolated nightblindness or con-
wenectival Testons were LLI'IN‘I‘.I”) freated as outpatients.

Ve st of e stody . trose with an “odd™ mnmber received acoded
CNTCEE capsube contaimie 2000000110 vitamin A those with an “even”
manber anoadentioal appearma capsule containing 00 10 The exeeptions
o thos rede were dhaldien ciehit vears o olders T swas suspected that a
stentfeant proportion of these tare cases contained nonresponsive Bitot's
spots Bather B rsk Tosine then mndiagnosed. during prolonged follow-
ape ey all e dthie tneh dose capsale, A patients received a high-
doce caprale at thee manths or sooner i their condition deteriorated. Be-
e stable propottion of Tow - dose vecipients did deteriorate clinically.
e s of Tow dove capriles was discontinued cacly in the stady, There-
atter Al patients recenced 20000000 TE vitmiin A ad their initial exunina-
tron

Study 1 ceneral caves b patients with corneal involvement were en-

contased 1o enter the speeal stady ward established at Cieendo for com-
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plete e often oeenthy necded. sestee therapy rehydration, ieedine.
oniboties eten ey had cliest Nvas stool evaminations for ova
coreates TR L tedts and additional tests reguired for management of
S aveterm e,

VTt ed panents recenved ahigheproten diet at least 15 g day
RTRE S (N FT O TI N ETENTS PR FTI SYRAT ) cequiteds and some form of saslenn

v N theraps Those wath corneal nerforation received 50000 N pen
At b o dlosaciln coquicadent daily for at least seven dass,

Dty ntadhe ob Wb wand readents was recorded by thie nntritionist,
Foorsattompt s made to Keep the chaldeen i the sard for at Teast two
et come parends liovwever s insisted on Teavie carkier. while others
st cd o allon el chodd ro e howpitadized we ),

Sictomne trtanin A Several reciniens were cmployed:

e btndlc diddven reccived cither the contents of & standard UNTCER
caprade 200 000 10 et pahinitate plos 40 10 Vitamin F in oil) orally
e nnbered or 1000000 U wteramiseible vitanin A Adpiasol A
Favonteral mtransculahy voven nambered,

B Becanse ammbier of severeh walonrished children responded poorly
o velaped woon atter receiving asingale dose. subsequent patients re-
corved o of these same regimens |)|II\ an additional 200,000 10U oil-
nisabde vtunm v ordh the day following initial treatment.

o \the sapple o water miseible imectable vitiin A eventoally v ont,
cach of the Lt S0 ptrents received cither the donble dose o ol e nNen
or 200000 T8 Gilnsable sitanin v intramusenlarly an two divided
dovee s onsadinssaon o the stady

Claldren who wermed torespond poordy received one or more additional
docsatter tao o thiree weeks, Those who were gravely il were trans-
fved oo the pediatrio wind of the general hospital (Hasan' Sadikin but

retarned o the \hul,\v

Fopical thevapy

LoOne eve of 27 conseentively hospitalized patients with corneal uleer-
tion received topicd antibiotic ointment anyeetracing plis garamyein
five thmes aoday to their right evie, none to their Teft (o determine the
possible role ot Bacteral infections in the genesis of these Tesions and

the necd foronibione therapy s, One case with obviously infected Je-
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sions was evclnded frone thes el and antomatically received antihiotic
freatment The trial was discontinued when aosinele nonrecipient eyve
Loed substantially worse that it perectly ndehed reciprent. b suh
seaquient paticuts with corneal nleeration received both topieal and sy
temic antibiotics,

20 0me eve of S0 conseculive patients veceived e topical applicadions
ol 0023 o sterile retimoic acid 00 0 aachis oil Kindle sapplied D
Roche Planmcention Basle tor coven conseentive davs, The other eve
Leceived sterile anachis oil Where e two eves were equally afleeted
the drg was placed methe vighit eve e hadb the patients.in the Teft eve
i the other bt When imvolcement was anequals the drewas placed
in the more seyverch allected eves Patients swith open”™ eves pertora

tions throneh the cornea were eseluded from this trial.

Epidemiologic ineestications «Study 11

Using forms and procedures similar o those cmployed i study . the
Study 11 team visited the neichborhoods of asubsample of corncit cises
representative of the spectrm of clinical severity encounterced. Beginning
at the house of the active cornead case, ;||)|)|‘n\il||;tlt~|) 15 neighboring
hontses were visited and 23 |)I'('\(‘|I1)Hl':l<_[(' children evamined and their so-
cincconomic status evaliated. Blood sample and dictioy histories were col-
lected onall children the sune age in vears as the indey cases all children
discon cered o have active sevophithalmia. and all children in ive randomly
chosen families.

Childeen of the same ace and sex as the indes (Stady 10 corneal) ease
were desivnated matched controls. AlLwere enconraged to retin o Ci-
condo for evamination. OF the 60 that did. 9 proved. on caretnl examin-
o to Tuae serophthalmia, Phe 31 elinicadly normal controls hetonged to
35 cornedl cases. Where more thin one control was available for an inde
case their average was nsed in the paived comparison: for measirement
Aot the mean was cmploved: forattribnte data fractional rates of positivity

13
were caleulated.

Study 1V

Phis was the national serophthalmizoutritional blindness prevalence sar-

vey cried ot in 23 of the 27 provinees ol Indonesia,
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Pl coal of th sanphie procedore was to I)ln\llll' Aosnticienty Loaae andd
repiesentatin e sample of ])H’\('llliﬂ!nllll' childyen for each o [)H])II].IH(III
e o be veasonabiv certain of detecting active conjunetival Tesions N TR
el ol Liedded conneal disease NS ot the mnnimal prevalenee decimed
o cavsaheant poabhe Lealth probenc v WHO e agor ditlerenees
Ao neht et betceen el prevalence and Tow prevadence wreas These
;"';”=!"i~ wreas were diopded gnto o cones thonoht to hest seuvredale
caltal adinstrat e diflrenees i the conmtie Radhier than chioose @
\‘nu]»iv with g [nuln.nf»l]ll\ |nupn|llnn.1| Lo size b the contliy s whole.
Copal e camplos woere chiosen dor cach of these zones. <o as 1o [)ln\i(]<'
o mneaad necessany sample o staeticadls valid estonates of corneal dis.
coneates wtinn cach Overddl conntny des e calenbited Iy applving
sorhtme Lt poportionad o population size to the zonal rates.
Vb e ol TA00 chiddron pror zone swas elt to hest satisty the competing
poonties of poactied onsteants tooe money - and personnel and statisti-

cal e

( /I!rlv: 1‘,‘ TOeS

Stnce b s nnpossibles frome o practical standpoint . o esamine all areas of
Predoneste the commtiy was divided into siv zones covering the vast ngor -
ol the population. Five zones were represented inc their entivety
ost Lo Central Javas anelidinge Joosvakarta. West Jinva dinelnding
Pt Somabia Sulanves

Hhecnannne zone s composed ol representative saple. of more

Dted wec s of soveral slands Ralinntan. Fombok. Bali. Ambon.

B sampdmee strncture
\statihed naltisteee clister sanpling seheme was chosen,

Fo e commtie s stratified into these siv zones wnd their compone s

L

2 Fach stiati was vestratified soto arban and roral.

oA team condd e voneehilc 1200 e children and 2300 aehane chil-
dren per don Faech nmal dister was desioned o vield 120 children.

and cach o mban enven e L feseer sites s ailieble, 300, Saflicient olus-
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ters swere then aeaened 1o ewch 2one toovield the desived nomber of
cAnddien

ol inerease cticieney s oebaos samiples swere not chosen to be represen
Cativ e ol the rhan arcas asowhale hoat ondv ol their shoms from swhich
cuoperience indieates the vast magorite of nrhans cses arses Urbuan e
sudts theretore dicate ancas of obvoas ok nob trne presalence. I
necessary wrhan prevalence canche approsmeated by adpostbing the oby
soerved prevadence tor e proportions of arban dwellers swho live me the

\llllll\

Seloction of sample sites clusters: use of indercensal surrey

as oseinploes i

Vet desiened poprdation samvey was caovied ont by the Central Borean
ol Statishios CBS 19760 v veview of their sampling procednres indicated
sl moditication then sample would serve as an eseellent hasis for
e conapline fraae Tooadditon to the eseellence of the sioaple. the CRS
comdd Al sapply e delinine cach eluster and ists of their inlibitants

v ol tor Bither definme the cluster,

vt o of sample clusters froms sampling frame

e asters of the CBS SUPAS T sabsample of the Titercensal Popualation
Strvey senved s the soopling banee for the project sivey, The frame was
et separated mto zon o provinceand ishadand cach then stratified into
corad nonmnapadite o i ban moenadity

Bral ~ample siteosathon cach zome were already chiosen for SUPAS 1L
il peohadabits proportional to sive PES O For cach rarad 2one roughis
O dnsterswere cequred The totd nonnbeer of elusters ineach zone incthe
SEEAS T Lo o daded B So vieldime the requived sampling ratio.
Viter o mdom nomber sttt Between ate T and the sampling interval
.o Vo evere aate bdhoe tthe vequired intersal was chiosen, Fhis

fene sanplhines fechimague preserved the randommess and PPS of the
coenred STEAS T wclecnon The teans swere regqnived o visit all Bunilies
wothon the oeter H ths vielded less than the requined 120 childven. the
Db of the chiter swere enlareced to adjacent arcas ol similar socio-
coomonne cotaposttion to TININE np the diflerence,

Hhe i ban conple woas composed ol the shimeareas o nagor naimmicipadi-

free e Shmes were sdentified By Tocal consus and health sadthorities.,
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Peclinamary vivits fo sample e

Wrtten commmication and visits o appropriate prosineidd cov erament an-
thortios swere made by projeet stadt ing Moy and June 1977 to obtan oflicial
pernnts an Tocad sipport During these visits local consus oflicialy were
contacled 1o Jacate \.mml:- sillzes and obton the detailed \.||n|)|v cluster
maps. Provimenl and ocal connterparts appointed by the health spection
were contacted o help detal sinves procedires and - deternnine time
schedules trac el vontes, local transport requirenents, lodging. and finan-
cral channels Tor ose by the sivey temms, s well as the hest means of

et ning (-n||||)|n-h-<| forms to Bandune.

Composition aned training of survey teams

Three sievey teams were reeruited ine June 19770 cach composed of one
ophthamologist, one watritionist. one rse.and five ennmerators,

The teans were given three wecks of inter e training, including stind-
ardization. belore any sample sites were visited, Thee theee ophthalmologists
spent one week at the Cicendo Fxe Hospital to become hetter acquainted
witly the siens of serophthalmi and corves forms to he used,

Fechires and diseissions on sivey procedures, interview techigues.
anthropometric imeasurements, and use of the survey forms were given to
A e members during one week of clisses held at project headquarters,
This was tollowed by practical Tield training in roral villages o West Java
and Bali duving which continnons supervision and standardization were

carricd ot

Surtey forms and data colleeted

Simmple selt-coding forms, pretested in the field, were nsed to record hasie
soctocconomnic datic of every family, and the health, dietary history, height.
weight, and vesnlts of the eve examination oneach child.

The dorms were desianed so that asteip containing all the vesults conld
e torm ofl and mailed separvatels from: the completed form. This enabled
mnediate hand tabndation and reduced the visk of Tosing all the data dure-
my shipment to Bandung, v detailed sorvey mannal was provided to every

team memher,
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(SN AT TR

Proor to the team s vesit the focal comterpant contacted and intormed cuch
clbaec athonte ahont the cinvey operation. sind requested that they ene
sone that Foadhes i the sample site veniuned at Tiome durime the dan o
e vapvey Uponariv e ot acsample site the clinneal tean dthe opthahinol
st e wdntonist e oose and o enmerator - establishied one o
e conteal evanmation pomts wlole the commeratars .l('l'HIlI|)4lIlI('(I by
Focabcmndes visted eveny Lionses where they compiled sociocconomie data
daed collected the preschiond aee children helow age sive for their examinae
fen Becase of colturad taboc, chilldren Tess than e months ol e weee
conesdb ot evanneed

P oplahahnolocst exannmed e anterion secment of every ehild's eves
wathchomdheht poted abvions ahormaditios and estimated the potential
el acmt s better or worse thua 20 2000 Special attention was paed Lo
thiose Teson potentially related o aetive xeraphithalingae  comjnnctival e
posr Bitat < spots corneal verosis uleeration. and Keratonadacia and s
Poabed sequicke The u|)||l||.||nuvlw.'j\( .l“l'lll]\[(‘(] toassivn an chiodogy toall
Ieaded Corned abnornndities with the help ol historical data provided by

ancobder By members Mg o categories inclnded.

Conontal woted at o shoeth wdter bieth inan otherwise swhite aed quiel
[RAN N

Provona clearcent fistors of ingory at the time ol onset of corneal dinmage,

llection avoss prrnlence. especially in childven helow 2 months of age al
orsel

Nerophthabnng none of the above in childven at Teast 2 months of age.

cadh b on alnonrished at the tine of onset,

P connendor at the central examination: point measnred the heielit
and scerahd of eveny stady childs Stnding heicht was determined with
e rotorse meastrne tape whibe the Tenath of habies was mcasured in a
pooalhc constincted Shdine Tame: The sweight was measoared with a Dacin
]’.H '~\J!('

Pl mrse enasted the oplithalsolowist in the cue cvunination and selec-
ton ol adon children and noemal matched controls,

The notntionst completed e diet mterview for all vandom children.
Abmonmads el matehied controls inomasked faslion, The record: emphi-

sized the freqnenoy of consnption ol velevant Toads and estimated  the
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qrentties of potentiadlv fortifiable food tems that were consumed. The
reasons foods el meo vitomin A sd cootene were ot osed was deter
mmed. Tyaddition e matrtomst assisted the tean Teader coplithadniolo-
aist e cheching the completeness and stindardization of sarvey forms,
This cnconraced mnmediate detection aaud correction of crrors and incon-
sestencres onea moming boasas, hetore the tear departed for the nest sample

~itee

Problems in data analysis and coverage

o espedite didaaradssis. Torms 10 and 11 were first eleaned. edited. and
matched vecording to fedly datac dorne 100 21391 families contained
S6.701 childven ehieible tor inclusion i the stady, 36,060 children 987 of
e total 1 21319 Lnmlies 2995 of e total were exvanined form 110 Al
S6060- Aiddren examined were incladed o the cdeatation of presalence
Pates

Correlations nechdie dietany and anthropometrie datic requived i ad-
ditions vse of fonm 120 When these were matehed with forms 10 and 1L
cnlv o tolal of 35271 claldren 95t o those evamined s were fonnd 1o huve
ceomplete record The venmme 700 children were identified ond i was
divconered it then cands 7127 were never punelied. Faeept for 230, 4l
ol shom came from thee villaees tvoan Contral Javas one i AWest favae,
e rest were esendy distoboted amone the other \;IIID])Il‘ sites, Ave and
conhetiibation of the totd 56060 and redueed 35271 saamples were
vdentoal Nome of the nossane childven were abnormals, imatehed controls,

or part of the vandom ‘\.llllllll‘,

Cloiieal defonitions

VB Hhe defimmon o aetive: Bitot's spots is the sine nsed in the WHO
v for o Pable Heahth Problen fon overlving an wreac ol conjimetivai
seronts NTH Althoneh the WHO eriterion was ased, it shonbd be noted
that ol trne congunetival serosis hat without foanme. some almost
fanb v <himbihes were present me Lirge nmbers of ehildeen. 1 they had
Been meladed s ths analvsis the vades ol conjunctival disease would Tas e
Decnapprosinatels one thivd Bicher,

O the 72120 eves coanmmed . 619 were dingnosed as having Bitot's spots
N Dracnoss s eross-cheched against the presence o disness and

fooon. e HE o insieniheant 0200 the deseription wis incompatible with






APPENDIN

RN

i bot o history sueeestine that another etinlom miclit have heen present
or w history ol meastes with mild corneal macnlae that could concenvably
o e resulted swithout implicating the serophthahinic process. Groaps 3018
casestand 129 cases were ikely o have suffered serophthahnie corneal

destrietion sind <erve as the basis For oo minimal . consereativ e estinad e off

NS,



Appendix II:
19871 revision of
WHO recommendations

The World Health Ovganization published a0 report of an international
mecting on vikunin: A deficieney held in 19740 4710 This inclided
recommendations for the treatment and elassification of clinieal verophthal-
miand established prevalence eriteria to define when serophthalimia con-
stituted a problem: of public health magnitude. “These recommendations
huve heen widely adopied.

\ second international meeting was held in October 1950, at which it
was deaded o modity existing recommendations in ight of new data, par-
foulady those available from the Indonesian Nutvitional Blindness Preven-
ton Project idetailed in-this monograpl, A report of that mecting. and
these revisions caiven helowd. are to be published in the Technical Report
Series of WHO Tikelv by Tate 1981

Clinical classification of xerophthalmia (WHQ, 1981 revision)

Nicht Blindness N\

Conjunctival serosis N A

Bitat’s spot N1B

Corneal verosis (N2

Corneal nleeration kevatonalacia - Y corneal sinface (N3A)
Corneal nleerationskeratomalacia = Y% corneal surfice (X319
Corneal scar NS

Nerophthalmia lundus (X1F)
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Prevalence criteria tor a serophthalmia
problem ot public health significance
AVHIO), 198 T revision)

Nichtbhindness NN 1.0

Bitots spots \NIB 0.5%

Corneal veross corneal nlecrtionskeratomalacia

A2 NSV NGB 0.01¢%

Corneal sear NS 0.05%
5.0

Plasima vitamin A= 10 uecdl

Freatment of serophthalmia (WHO, 1981 revision)

timediately on diagnosis 200,000 1U by mouth
Sceond day 200,000 1U by month

Priorv to disclioec. or il climeal
deterioration ocenrs, or 24

200,000 1U by mouth

weehs Liter

Lo Orad doses consist of an il sohition of vetiny D palmitate or acetate,
2t the presence of repeated vomiting or severe disurhea 100,000 1U

water miseible retingl palmitate by the intranmusealar ronte s preferred,
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pn A of 2 e db dbnmnn of 2 6w d and teoasterem of 20 me dLCThe entice hutba
conne e s serotic and swathont maccton ou Bothe corneas were heavilv serotic
aond twrce nornd thickness A pedecth sonnd T2 e staining. vellowashiadil
trate s present superor nasallvome e neht coners A praached-ont perforation
contann 1 bkl ob s occapicd e dentical pesition in the other eves The
anterion chander o the Tetteve swas shadlow . Despite sontine therapy by das |
the shalloss ol d Losonom the el eve had become acdensely stainin o sharp
mone d - peeched oot uleer of one thind comeal depth with only acting nme ol
aldtte abontr By day 2 the aleers m bothe eves had beaon to heal.
0 Cases o cdezony 6 demonstiating potential meclianisms by which focad necrosis
fonms extends and Tieals

Cave 200050 7 twovear ald by was admitted with narasmice-Kssashiorhor and
vactnn vitnin A ob 3 ope db b of 225 adb and transtervin of 1S e dl The
cntne buthar compmctiea of bioth eves was severely serotie, The sorbiee of hoth
conets was also verotie and had aomarked s gronnd-ahiss appearanee onretroilln-
manation Both cotneas contained vellowish, bulaing fesions inferior-nasally. On
Jit bonp cvamnation. e comeas were edensdons, 203 times nornmal thickiess
thronshont the Tidame leswons consisted of joose. evstic. estremely edematons tis-
ane sharply separated Trom adiacent cornea T narros . shallow exeavation. and
the antenor danber of both eves was very shadlow. Toaddition, the left comea
contaed more densels vellon oderately staining 210 nonhulging Tesion
aiperton centrad G e aderanasal ones The patient reeeived 2000000 10 oil-miser-
Ble vitnin N mttamoscelarly waith we were to fearns predietably poor response,
ovac e nd sarmn one sustensically topical antibinties, and thrice daily topical
vetmone acid o the Teft eve By dey 2 0wo dass Tater o the inlerior bulging necrotice
s i the Tett eve had meorporated e superior-central area that s originally
Hat and separated Tom ot el the necrotio bulge in the vight eye was now sur-
conmnded T zone of bamess ad limited infiltration. The vellowish, bolging le-
aons i both cves were estremely edenitons from the surfaee baek o Deseemet’s
metmbrane By i s e el eve was nnech worses nesw areas of neevosis ot s et
bdeine estendime trome the oviganal Tesion in the area where imited infiltrate was
noted the day betore: T the et eve the ongnally Hat, densely vellow e, sub-
woeaquenth corporated into e buleing mass. was Hat onee again, By diy 7 ol
of e necrotie tissare i the center of Qe desion in the vight eve had disappeired.
producme o descemetoeele By 2 weehss both Tesions had heided as adherent leo-
Fennas e the neht eve Lo zer than the original area ol necrosis in the Telt eve the
e stze The flat area o filtration: transienthy ineorporated into the bolging
s Tad tetmned to ot The clinieal conrse demonstrates hotly the reversible
tature of sone of the Jesions oid at least one manmer by which necrosis can ocenr
aned Bosrns enlaoae
Cove 2000090\ Sovearobd wind witls serian vt v ol 6 e dl holo-RBIT of 2
sl b of 25 wdl and tanstervin of 200 me dl presented with e swollen,
apae - ecrotn Jookme sharp-margined conteal lesion in the vight corneas By day
2the deaon was grevish whites flat and e it sl edemdonsy Tooking, rather
oo pedh e necrotic and slowsdoma, By day 1500 bad healed as amueh staller,
dense Jenbone Fyen peripheral nomeciotic-looking corneas was opagque and
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Waolt Gy Distorieal note an the made ol administration of vitamin A for the
core of nicht hhadness: A £ Cling Nutre 3102900 292 (4975,

Paddedls B Preatise of the Diseases of the Horng- Coat of the Eye. pp. 32,56,
5755 ohn Clok, Tondon (172491

Mazvendio, Memoire sur bes proprictes nabvitives des substawees qui ne contien-
went pas o Nzote, po T Paris 18164

Vachenzie, WO Practical Treatise on Discases of e Eye, pp. SS 199, Long-
man. London 1830

Vel C I Die Keandkliviten des Auges. ppe 210 2150 Pragne (IS5 1.
Hubbenet, MO Observations e Themevalopie, Ann. Oculist. (Parisy 44, 2493
1860

Bitot, €0 Sur une Tesion conjunctivide non: eneore decrite. comeidant avee
Vhenreralopic. Gazette Hebdomadaire de Medecine et de Chirnreie 10, 254
25 N6

Blessic 1566 cited in Bleavad, O, 1391

Coacfio v Hormhaotversehwarnng bei intantiler encephalitis, Graefe's Areh.
Oplithahnal 122500 236 0 |S6G:

Hiosehibers b Ucher die doreh Encephalitis bedingte Hornhautverschwarnng
ber leren Kmderns Rline Woelienselr. 3,320 326 11 5650,

Phldeed s sasthesie der Cornea it gleichzeitic verminderter Wirkung
des Atropis and die B and deren cirtloss and aleerative hornhoutentzun-
divee Veele o Aneenhe owo Olieende 1, 2000262 (ST,

Feber T 0 Ueher die Nerosis der Bindehaot and die infantile Hornaat -
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Cont s Nl Oplhalnal . 29,225 290 11884

Mlt ol Cloweal stdies on diseases of the eye,including those of the con-
penc v corneas selevotic iissand ciliary body, pp. 1100 135-134, Y.). Pent-
Pind Behinbonrady 15853
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Weehs LI Nerosis conjonetive heis Singlingen wnd Kindern, Archir, fur
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Mot N Uher densow Thkan Nerosis eomjunctivae infitmm v, Keraton-
b Jalahy Kindechodh 39175 1911490 4,

Sucll S O On mvetadopi with peculiar appearances on the conjunetivie, Trans.
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spreer. HE Oplithalinolowical Suciety . Laneet 2, 1387 (15920,
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