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INTRODUCTION

The clinical syndrome now known as xerophthalmia has been recognized since
early Egyptian times (143). Even then, physicians recognized the therapeutic
value of liver. The association of xerophthalmia with poor nutritional and low
socioeconomic status was identified in the early 1800s (7, 8, 24, 28, 40). Thus,
even before the discovery of vitamin A (60) and the elucidation of its biochemi-
cal mechanisms (33, 137), the ocular manifestations of vitamin A deficiency
(and their cure) were known. Despite its long history and our understanding of
some of the physiologic processes involved in tissue utilization of vitamin A,
xerophthalmia remains a major public health problem in developing countries
and is an area of active research.

CLINICAL FEATURES OF XEROPHTHALMIA
Retinal Involvement

NIGHTBLINDNESS ~ Nightblindness, also known in the literature as hemeralo-
pia and nyctalopia, is a result of impaired dark adaptation by the light-sensitive
retina. Animal and human deprivation experiments have demonstrated that
nightblindness is the earliest clinical manifestation of vitamin A deficiency (15,
27, 38, 41).

Because objective tests for nightblindness are difficult to perform in young
children and a medical history is subjective, as recently as 1976 nightblindness
was considered only a secondary sign of xerophthalmia and an unreliable
criterion for assessing the burden of vitamin A deficiency in a community
(138, 144). It is now accepted that in some populations a history of nightblind-
ness in preschool children is an even more sensitive and specific marker of
vitamin A deficiency than Bitot’s spots (110, 145) and that it can serve as
a primary criterion for the presence of clinically significant vitamin A defi-
ciency.

In Indonesia, serum vitamin A levels among preschool children with histo-
ries of nightblindness and among those with Bitot’s spots were similar and
significantly lower than among controls matched by age. sex, and neighbor-
hood (100, 110). A group of the children with histories of nightblindness was
given an objective test for nightblindness. Ninety-seven percent showed defi-
nite impairment of scotopic vision, and in the 3% that tested negatively, serum
vitamin A levels were similar to those in children whose scotopic vision was
reduced. Twice as many children had a positive history of nightblindness as had
Bitot’s spots, which suggests that in this culture at least, nightblindness was a
more sensitive marker of vitamin A deficiency than Bitot’s spots. Local
languages of numerous Asian and African countries contain specific terms for
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nightblindness (46), and these are now being studied to determine whether they
too are valuable indicators of vitamin A deficiency.

Nightblindness due to vitamin A deficiency responds promptly to supple-
mentation with vitamin A (11, 38, 41, 100, 110).

XEROPHTHALMIC FUNDUS  Since the early twentieth century, unusual fun-
dus lesions have been observed occasionally in xerophthalmia patients (34,
131, 146). These lesions tend to regress during the course of vitamin A therapy
(14, 100, 118, 128, 129) but can reoccur on rare occasions (100, 118).

Clinical observations include small, yellowish-white dots in the equatorial
and peripheral regions of the retinas of both eyes (Figure 1) (14, 34, 100, 129,
131). Fluorescein angiography suggests that pigment has been lost from the
retinal pigment epithelium in these areas (100, 118).

The presence and severity of the lesions appear to be related to the severity
and chronicity of the vitamin A deficiency (29, 100). Xerophthalmic fundus is
more prevalent in the older than younger children and is more prevalent, at
every age, in cases with corneal xerosis than in those with conjunctival xerosis
(100).

Conjunctival Involvement

Conjunctival xerosis and the white foamy conjunctival lesion known as Bitot’s
spots were first described during the mid-1800s (10, 40, 53). Conflicting

Figure 1 Xerophthalmic fundus (XF)
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descriptions, particularly of their responses to vitamin A, led a number of
investigators to question whether Bitot’s spots were truly related to vitamin A
deficiency (23, 66, 70, 73, 84, 87, 93, 94, 142). The recent Indonesian studies
have helped to resolve this conflict and to provide a coherent description of
conjunctival involvement in vitamin A deficiency (100).

In the vast majority of cases, especially in countries where vitamin A
deficiency is prevalent, generalized squamous metaplasia of the conjunctiva
induced by deficiency of vitamin A is responsible for these characteristic
changes (100). They first occur in the temporal quadrant and appear as unwet-
table areas, sometimes with thickened and wrinkled conjunctival folds (Figure
2). Bitot’s spots are composed of keratinized debris, often combined with
saprophytic bacteria (Xerosis bacilli), and appear as an adherent whitish foamy
or cheesy deposit that can cover an area of xerotic conjunctiva (Figure 3) (10,
22,59, 108, 118). As the vitamin A deficiency persists, xerotic changes appear
in the nasal, inferior, and superior quadrants. In advanced stages of xerophthal-
mia, the conjunctiva appears almost leathery, and corneal involvement is the
rule (13, 28, 100, 146).

The clinical appearance of vitamin A-responsive and —nonresponsive thot s
spots is similar. The differences between them are primarily the extent and
location of conjunctival involvement (100). Histologically, nonresponsive
Bitot’s spots tend to have more surface bacteria and more chronic inflamma-
tion, and all abnormalities are limited to the temporal quadrant (106, 108). By

Figure 2 Temporal patch of wrinkled, xerotic conjunctiva (X1A)
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Figure 3 Bitot’s spot (X1B)

contrast, even when a responsive lesion appears to be limited clinically to the
temporal quadrant, histologic abnormalities are present throughout the bulbar
conjunctiva. In addition, those with nonresponsive cases tend to be older and
are less likely to have nightblindness, superficial punctate keratopathy, or other
evidence of active vitamin A deficiency (106). While there are these differ-
ences between vitamin A-responsive and —nonresponsive Bitot’s spots, the
underlying etiology of the two lesions is most likely the same. A large
proportion of nonresponsive Bitot’s spots are the result of past vitamin A
deficiency (100, 106, 108). For unknown reasons, the temporal keratinized
metaplastic lesions can persist long after vitamin A levels have returned to
normal (100). The two types of lesions (responsive, nonresponsive) can only be
distinguished with certainty by their response to vitamin A.

Corneal Involvement

In the absence of prompt therapy, corneal involvement from vitamin A de-
ficiency carries a high risk of blindness. The devastating effects of corneal
ulceration and melting (keratomalacia) have been known since the early 1800s
(17). In spite of the potentially dramatic consequences, the earliest sign of
corneal involvement is a superficial punctate keratopathy first detectable only
with fluorescein staining and slit-lamp biomicroscopy (105). It begins inferior-
ly and, as the vitamin A deficiency worsens, spreads across the entire cornea
and deepens in intensity until corneal haziness is apparent with handlight
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illumination (105). In Indonesia, 60% of subjects with confirmed nightblind-
ness and 75% of those with vitamin A-responsive conjunctival xerosis have
superficial punctate keratopathy, as compared to less than 10% of matched
controls (100, 105). Resolution begins within one week of vitamin A therapy,
and cure is complete within four weeks (105).

When the superficial punctate keratopathy becomes confluent, the cornea
assumes a peau d orange or ground glass appearance (Figure 4). The haziness
produced by this involvement is enhanced by stromal edema and poor tear
production and wetting (100, 104). In more severe cases, tree bark-like
sections of keratinized epithelium or elevated xerotic plaques may be seen,
most often in the interpalpebral zone (100).

Loss of corneal stromal integrity, as evidenced by either ulceration or
necrosis, results in the blinding sequela of vitamin A deficiency. Unfortunate-
ly, this is frequently bilateral and can occur quite suddenly, often without
preceding milder evidence of disease, when intense demands are made on
already-depleted body stores of vitamin A (61, 100, 101).

The most common form of stromal loss is an ulcer that typically has a sharply
defined, punched-out appearance (Figure 5). The depth of the ulcer may vary
from a shallow, saucer-shaped lesion to full thickness perforation with subse-
quent prolapse of the iris and loss of intraocular contents. With adequate
treatment, the ulcer may heal and scar, often leaving a leukoma that spares the
pupillary zone and visual axis (100).

[N

. ka;ln'i\ \\\

Figure4 Thick, skin-like generalized conjunctival xerosis (X1) and keratinized, dry, cornea (X2)
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Necrosis of the cornea, commonly referred to as keratomalacia, is the most
severe form of xerophthalmia. It may involve only one area, most often the
inferonasal quadrant, or the entire cornea (100). It is characterized by full-
thickness corneal softening, which results in a white or yellow gelatinous mass
that eventually sloughs (Figure 6), leaving a thin descemetocele. Depending
upon their size and the speed with which therapy is initiated, these may heal as
adherent leukomas (localized vascular scars to which underlying iris adheres)
or as bulging anterior staphylomas, which usually result in a phthisical (soft,
shrunken) eye. Cases of total corneal melting result in either a large delicate
descemetocele or complete prolapse with loss of intraocular contents. In either
case, phthisis bulbi usually results. Histopathologic studies suggest xerophthal-
mic melting may involve unique pathogenetic processes (109).

World Health Organization Clinical Classification

The World Health Organization (WHO), in collaboration with a number
of other agencies involved in international health, published in 1976 and
again in 1982 a classification scheme for xerophthalmia that has gained wide
acceptance (144, 145). The WHO has also developed prevalence criteria for
determining whether xerophthalmia is a serious public health problem in a
particular population (Table 1) (145). The presence of any one of these
parameters establishes a significant problem, although multiple criteria are
usually met.
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Figure 6 Full thickness corneal necrosis, "keratomalacia" (X3B)

MAGNITUDE OF THE PROBLEM

Xerophthalmia is one of the leading causes of childhood blindness. The
burdens of childhood blindness and mortality associated with vitamin A de-
ficiency are especially heavy in the underdeveloped countries of Asia, Africa,
and Latin America (83).

Although there is an extensive literature on the magnitude and worldwide
distribution of xerophthalmia, careful attention must be given to the methods of
data collection and the criteria used to define the disease. Important lessons
have been learned from reviews of hospital and clinic records, food production
figures, and dietary practices. These are inherently biased, however, by the
quantity and quality of the existing data and the method by which it was
ascertained (100, 103, 111). On the other hand, properly designed and con-
ducted population-based studies of prevalence and incidence of xerophthalmia
can provide accurate, unbiased estimates of the magnitude and distribution of
the disease and of the factors associated with it.

Prevalence and Incidence

DEVELOPED COUNTRIES Xerophthalmia is now extremely rare in North
America, Europe, and Japan. Most cases presently seen in these countries
result from malabsorption secondary to biliary disease, enteritis and colitis,
sprue, cystic fibrosis, and cirrhosis (most often caused by chronic alcoholism)
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Table 1 World Health Organization classification scheme for xerophthalmia®

Prevalence levels among
preschool children

Classification Clinical indicating significant
code description public health problem
XN Nightblindness > 1%
X1A Conjunctival xerosis
X1B Bitot’s spots > 0.5%.
X2 Comneal xerosis
X3A Corneal ulceration/keratomalacia involving
less than 1/3 of the corneal surface > 0.01%
X3B Corneal ulceration/keratomalacia involving
1/3 or more of the corneal surface
XS Corneal scar ’ > 0.05%
XF Xerophthalmic fundus
Biochemical > 5%
Criterion: Plasma vitamin A

0.35 pmol/liter (10 wg/dl) or less

#Source: WHO (145).

(57, 79, 120, 133). Xerophthalmia also occurs in food faddists (14, 36, 133,
139).

AsIA  The “rice bow!l” countries of Asia are the traditional home of xeroph-
thalmia and have yielded the most data and scientifically important research on
vitamin A deficiency. A combination of poverty, ignorance, and population
pressures have produced a situation in which the number of children affected is
enormous and the number at serious risk of developing xerophthalmia is even
larger.

There is considerable variation in the prevalence of xerophthalmia both
between and within the countries of East and Southeast Asia. In India, rates for
corneal disecase (WHO classifications X2 and X3) reportedly range from
undetectable to as high as 3.4%; for mild disease (XIB), they range from 1% to
15% in preschool children (68, 76, 89, 95, 122, 123). Results from the Nepal
Blindness Survey show a geographic influence on the prevalence of xerophthal-
mia in Nepal. The nationwide rate of Bitot’s spots in children under six years of
age was 0.59%, with the highest rate, 1.18%, in the Terai region and the lowest
rate, O%, in the valleys (12). In Bangladesh, a baseline survey prior to the start
of a nationwide intervention program showed a prevalence of 0.45% for
corneal disease and 0.66% for mild disease (30). The results from an ongoing
evaluation of that intervention program suggest that the corneal disease rate has
dropped t0 0.085% (N. Cohen, personal communication, 1983). The rate in Sri
Lanka is also high; the prevalence of Bitot’s spots (X1B) is 1.1% and ranges up
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to 2.3% in certain parts of the country (16). A number of surveys have been
conducted in the Philippines to evaluate their monosodium glutamate (MSG)
vitamin A fortification intervention program. The baseline survey on the island
of Cebu revealed a prevalence of Bitot's spots of 1.7% and of corneal disease of
0.5% in children 1-16 years old. In addition, 17% of the study population is
reported to have had serum vitamin A levels below 10 wg/dl, which is consider-
ed seriously deficient (99). Large numbers of severe corneal cases are seen in
hospitals and clinics in the Manila area (132). -

Xerophthalmia is well known in Indonesia, where a number of investigations
have been conducted (63, 124, 127). The recent Nutritional Blindness Preven-
tion Project conducted a nationwide prevalence survey and a longitudinal study
in Central Java (100, 117). The average prevalence of Bitot's spots in the
nationwide survey was 1% and of corneal disease, 0.064%. The longitudinal
study is the only large study that has permitted estimation of incidence rates for
xerophthalmia; approximately 4600 children were examined every three
months for two years. These rates are most likely lower than the true incidence,
because new cases that regressed or died between examinations were missed,
and because the referral of ill and severely malnourished children to local health
facilities resulted in the removal of children from the group at highest risk
(100). Corneal disease incidence was estimated at 0.35-0.58% per year;
noncorneal disease incidence was 9% per year with a spontaneous cure rate of
approximately 50% (100).

Numerous cases have been reported over the years from localized areas of
China (39), Vietnam (69), Kampuchea (82), and Thailand (130), but no
comprehensive surveys have been undertaken in these countries.

MIDDLE EAST Jordan is the only Middle Eastern country in which the
prevalence of xerophthalmia has been carefully studied. Children less than six
years of age had a prevalence of nightblindness of 1.3%, of Bitot’s spots of
0.6%, and of corneal disease of 0.169% (75).

AFRICA The extent of xerophthalmia in Africa is unclear. While numerous
cases have been reported, especially among children suffering from protein-
energy malnutrition (5, 6, 48, 51, 54, 72, 86, 88, 136), corneal blindness in
children has most often been associated with measles (9, 21, 80). In recent
years, several investigators have claimed that much of the corneal blindness
said to be due to measles is in reality xerophthalmia (31, 93). This prompted the
WHO and the United States Agency for International Development (USAID) to
support a series of preliminary assessments in the region (145). While reliable
data on prevalence remains unavailable, these assessments identified countries
where xerophthalmia may pose a significant problem. Among East and Central
African countries, Malawi, Tanzania, Zambia, and Kenya most likely have
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endemic foci of the disease. In West Africa, the areas of highest risk are those in
the Sahel region, north of where red palm oil (rich in $-carotene) is plentiful
(145). Even within areas where red palm oil is consumed, pockets of endemic
disease exist. Accurate epidemiologic surveys are currently being planned for
Malawi and Tanzania.

CENTRAL AND SOUTH AMERICA A number of countries in Central and South
America have reported prevalence rates indicative of endemic disease. In Haiti.
the overall prevalence of corneal scars presumed secondary to vitamin A
deficiency among children six years of age and younger was 0.25% (119). The
rate in the north of the country was 6.8 times higher than in the south (0.81
versus 0.12%). Vitamin A deficiency was presumed to be the cause of all
pediatric binocular blindness encountered during the survey.

A biannual vitamin A mass-distribution program was initiated in El Salvador
in 1973 in response to results of serum surveys that indicated El Salvador had
the highest prevalence of hypovitaminosis A in Central America (43, 114). A
nationwide prevalence survey at the time when the mass distribution program

-was initiated found the prevalence of Bitot’s spots to 0.53% and the prevalence

of corneal scars to be 0.32% (114).

During the same period, Guatamala initiated and evaluated a program of
fortifying sugar with vitamin A. The effects on clinical signs of xerophthalmia
were not evaluated; the focus was on changes in per capita consumption and
serum levels of vitamin A. The baseline survey indicated that 19% of children
had serum retinol levels that were less than 20 wg/dl (3).

A recently reported xerophthalmia survey indicated a focus of endemicity in
at least one area of Brazil (91). Among children 0-12 years old, the prevalence
of nightblindness was 0.18%; of Bitot’s spots 0.58%: of corneal xerosis,
0.002%; and of corneal scars 0.1%.

Worldwide Impact

It is difficult to construct precise estimates of the total number of children in the
world who are affected by xerophthalmia. Nonetheless, estimates based on
incidence rates from Indonesia and prevalence surveys in other countries
provide a sense of the magnitude of the problem.

The incidence of active corneal disease (X2 and X3) among preschool
Indonesian children was conservatively estimated at 0.27% per year (117).
Assuming that the disease is just as common in India, Bangladesh, and the
Philippines, approximately 500,000 preschool children will develop sight-
threatening corneal disease every year (117); actually, all available evidence
suggests that the disease is more common in India and Bangladesh. Moreover,
this minimal estimate includes only four countries of Asia, ignores the fact that
a significant proportion of cases occur in school-age children, and cannot
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account for the cases with corneal disease who died before they could be
counted (100). If one includes noncorneal disease, the number of children
affected in these four Asian countries alone may reach five million each year
(100).

Blindness Due to Xerophthalmia

In spite of the high rate of blindness from corneal xerophthalmia, most of the
cases that are diagnosed and treated in time do very well (115). In Indonesia, of
147 active corneal cases who were treated, 89% had at least 6/6 (20/20) vision
in one or both eyes. Only those with total, bilateral corneal melting failed to
recover uscful vision; twelve of 12 were bilaterally blind (100).

Unfortunately, it is likely that the vast majority of children who develop
corneal involvement receive inadequate treatment or none at all. Some of these
children die, some go blind, and some spontaneously recover, although the
distribution between these various outcomes is unclear. The Indonesian data
suggest that one half or more of active corneal cases at large are blinded in both
eyes (100).

. Mortality Due to Xerophthalmia

The close association of corneal xerophthalmia and severe protein-energy
malnutrition precludes a simple separation of their independent effects on
childhood mortality. Data from Indonesia suggest that over the short-term,
mortality among children with corneal xerophthalmia is determined by general
nutritional status (100). This impression is supported by data from India (135),
Bangladesh (18), and El Salvador (107); while mortality rates for cases with
severe xerophthalmia tended to be slightly higher than for other protein-energy
malnourished children, and xerophthalmia cases also tended to be more severe-
ly malnourished. On the other hand, a study in Jordan reported a fourfold
excess in mortality among children with xerophthalmia compared to children
who did not have xerophthalmia but had equivalent protein-energy nutritional
status (64). In a study of children with' kwashiorkor from India, the overall
prevalence of keratomalacia was 14%, but among those who died, it was 28%
(78). These two studies concluded that vitamin A deficiency per se increased
the risk of dying. It is impossible to determine from these two studies whether
children with xerophthalmia were not in fact more malnourished, within the
broad categories used, than their peers who did not have the disease. Regard-
less of whether vitamin A deficiency increased the risk of death among the
severely xerophthalmic children, the risk is extraordinarily high and corneal
disease should be considered a medical as well as an ophthalmic emergency.

The situation is less clouded for children with mild xerophthalmia (XN-
X1B). Data from Indonesia indicate that the death rate for these children is
substantially higher than for their peers of comparable anthropometric status
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(116). Mortality increased linearly with the severity of xerophthalmia; there
was a 2.7-fold excess mortality in children with nightblindness, a 6.6-fold
excess in children with Bitot’s spots, and an 8.6-fold excess in children with
both nightblindness and Bitot’s spots. This excess mortality could not be
accounted for by concurrent respiratory tract infection, gastroenteritis, or
childhood exanthems.

RISK FACTORS FOR XEROPHTHALMIA
Age ’

Xerophthalmia is primarily a disease of young, preschool-age children. Adult
corneal cases are only occasionally reported (81, 118), although nightblind-
ness is a well-recognized condition among pregnant women in India (26,
134).

In countries where xerophthalmia is endemic, the rates of active disease peak
in children two to four years of age (16, 74, 99, 100 119), and in general, the
younger the child, the more severe the disease (62, 100, 122). The age
distribution is closely associated with the weaning process, and younger cases
can often be attributed to the “deposed child situation™ that results from the
close birth of a sibling, as is seen with kwashiorkor (62).

Rates of active disease, especially corneal involvement, in school-age chil-
dren are usually very low.

Sex

The impression exists that xerophthalmia is more prevalent in males than in
females. At every age, the prevalence of Bitot’s spots in Indonesia was higher
among preschool-age boys than girls (100). Similar results have been reported
elsewhere (16, 62, 88, 99, 124, 127).

Corneal xerophthalmia is much less closely associated with sex. In longitu-
dinal and nationwide prevalence studies in Indonesia, no significant differences
were found between corneal disease rates for boys and for girls (100). Others
have found similar results (18, 127), although some male excess has been
reported (61).

The origin of the excess risk of mild disease in males is not well understood.
Indications are that this excess risk is culturally determined and not an intrinsic
physiologic susceptibility. ’

Seasonality

The level of vitamin A intake can fluctuate with the seasonal availability of
fruits and vegetables containing B-carotene. In Asia, the risk of xerophthalmia
peaks during the hot, dry months, when dark green, leafy vegetables are scarce
and the risk of diarrhea is highest (62, 71, 95, 100, 127). Other factors that may
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affect the seasonality of the disease include religious fasting and feasting and
the seasonality of precipitating systemic and parasitic infections.

Socioeconomic Status

Xerophthalmia is primarily confined to children from the lowest social classes
(16, 74, 114). This general rule is not always clearly apparent, however,
especially in the largely homogenous, peasant social class that accounts for the
bulk of the population in developing countries. In South Asia, highly polished
and nutritionally poor rice is the staple of choice; the poorest families are
sometimes forced to feed their children vegetables that are unattractive to the
children; this may lower the risk of xerophthalmia relative to that of a family
that can afford to eat rice on a regular basis. In spite of this confounding factor,
families in lower social classes in general have poor access to preformed
vitamin A-rich foods and tend to have a poor understanding of the role that
proper nutrition plays in the well-being of their children (147). In addition,
mothers in poor families have lower vitamin A levels in their blood and
breastmilk (35, 134), which increases the risk even to breastfed children.

In Indonesia, families with characteristics ascribed to lower socioeconomic
status were at higher risk for xerophthalmia than comparable neighborhood and
national control families (100).

Nutritional Status

It has been well recognized that xerophthalmia rarely occurs as an isolated
deficiency (144) except in its mildest forms (100).

Weight for height is an excellent measure of current nutritional status
because it inherently adjusts for height and does not require accurate birth
dates. Low weight for height, or wasting malnutrition, is strongly associated
with corneal xerophthalmia. In the Indonesian nationwide survey, 45% of
corneal cases were at least moderately wasted (less than 80% of standard) and
the proportion of cases who were wasted increased with increasing severity of
corneal disease (100). The relative prevalence of corneal disease for those who
showed moderate wasting malnutrition compared to those who did not was 19
to 1.

In spite of this strong association with corneal disease, wasting was not
associated with mild xerophthalmia (100). This observation has also been
reported in other studies in Asia and the Middle East (16, 74, 123).

Low height for age, or stunting malnutrition, is a measure of inhibited
long-term growth and has been closely associated with protein-energy mal-
nutrition. Xerophthalmia, in all forms, is also associated with stunting. Corneal
cases were more stunted than their matched controls in the Indonesian data
(100). However, the degree of stunting was inversely associated with the
severity of corneal signs. This probably reflects the fact that the more severe
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xerophthalmia occurred in younger children who had not yet had the opportu-
nity to express the poor longitudinal growth that would eventually result in
stunting (100). In the nationwide prevalence survey, corneal cases were the
most severely stunted, followed by children with Bitot’s spots (100). Similar
associations of stunting with xerophthalmia and serum vitamin A levels have
been reported (2, 16).

Relation to Protein Malnutrition

If the diet is poor in protein, it may also be poor in other nutrients including
[-carotene or vitamin A. In addition, there is a direct interaction between
protein and serum vitamin A status. Retinol-binding protein (RBP) is required
for the release of vitamin A by the liver and for its transport in the blood and
absorption at the target tissues (25). Even if the liver stores of vitamin A are
adequate, if protein malnutrition has depressed RBP synthesis, serum vitamin
A levels may be low (148). Arroyave (4) found high liver levels but low serum
levels of vitamin A in children with kwashiorkor. Ingenbleek (42) demon-
strated a significant rise in serum RBP when children with kwashiorkor were
begun on a high protein diet. Sommer et al (112) found the holo-RBP response
to massive-dose vitamin A therapy was directly related to the level of protein
nutriture.

The close interaction of protein and vitamin A status is also linked to
xerophthalmia. In Indonesia, serum albumin levels were strongly associated
with all forms of xerophthalmia, and the severity of corneal disease was closely
correlated with serum albumin and transferrin levels (100).

In spite of this close association between protein status, vitamin A levels,
and severity of xerophthalmia, it is uniikely that protein malnutrition in the
absence of vitamin A deficiency commonly results in xerophthalmia (100).

Dietary Intake

Dictary intake of foods containing 3-carotene or vitamin A is the most critical
factor determining the risk of xerophthalmia. This intake must provide ade-
quate levels for daily physiologic demands and for development of liver stores
necessary to compensate for periods when intake falls below minimum daily
requirements. Accessability to sources that can supply these levels is age-
related, especially during early childhood.

The adequacy of maternal intake and storage is important during the prenatal
period of development. If maternal stores are marginal, the stress of pregnancy
itself may precipitate clinical disease in the mother (26). When maternal serum
levels are low, levels will also be low in the fetal blood, which may even result
in xerophthalmia in the fetus (58, 100). In severe maternal deficiency, vitamin
A supplementation can significantly raise vitamin A levels in cord blood (134),
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but supplementation of pregnant women with massive doses may carry a
teratogenic risk for the fetus (145).

During the neonatal period, breast milk is the primary source of vitamin A
for children in areas where xerophthalmia is endemic. Because vitamin A
levels in breast milk reflect maternal serum levels, even regular, ordinarily
adequate levels of breast-feeding may result in xerophthalmia if the mother is
vitamin A—deficient. In general, however, breast-fed children have been shown
to be at significantly lower risk of xerophthalmia than bottle-fed children (62,
100, 126). Data from Indonesia show that the risk of Bitot’s spots was eight
times higher for those two-year-old children who were not breast-fed during the
first year of life than for those who were (100, 126).-

The weaning period is a time of great risk to children in developing coun-
tries. Feeding practices for this age.group vary widely between cultures, but in
many areas, especially in Asia, the weaning diet may consist of rice and little
else. The additional vitamin A demands resulting from child growth combined
with a sudden disruption in vitamin A intake caused by an abrupt change from
breast milk to rice can precipitate acute deficiency and xerophthalmia. Even
within a community, family feeding practices are important determinants of
vitamin A intake. In Indonesia, xerophthalmic children were those who consis-
tently consumed fewer fruits such as mango and papya, fewer dark green leafy
vegetables, and fewer eggs than the sample of normal children (100, 126).
These findings were confirmed by comparison of serum carotene levels (126).

Easy access to and rigorous consumption of foods containing B-carotene
may be a major determinant in the geographic distribution of xerophthalmia.
There appears to be little xerophthalmia, even among malnourished popula-
tions, in sub-Saharan Africa where red palm oil. an excellent source of
[3-carotene, is consumed ubiquitously (6. 19, 46. 52, 72).

Precipitating Conditions

In addition to protein-energy malnutrition, a variety of diseases are associated
with xerophthalmia in developing countries. Infectious diseases form the bulk
of this associated precipitating pathology. Xerophthalmia has been associated
with diarrhea (84, 100, 127), respiratory tract infections (85, 100, 127),
exanthems such as measles and chicken pox (92, 100. 127). worm infestation
(74, 84, 100, 127), and a variety of other common infectious diseases (100).
While most of these conditions are also associated with protein-energy mal-
nutrition, some have specific effects on serum vitamin A levels.

Absorption of vitamin A or B-carotene is inhibited in children with diarrhea
and worm infestations (55, 56, 67. 97). Respiratory infections seriously de-
press serum vitamin A levels (2. 49) by decreasing absorption (49, 96) and
increasing excretion (50). In addition. fever. which is often associated with
these infectious diseases, can produce a nonspecific depression of serum
vitamin A (65).
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The association between measles and xerophthalmia is not completely clear.
In some countries, one fourth to one half of corneal xerophthalmia cases are
associated with measles (6, 19, 64, 92, 100, 107). But the role, if any, that
xerophthalmia plays in the development of post-measles blindness, especially
in Africa, is particularly uncertain. The clinical picture of post-measies corneal
destruction mimics xerophthalmia (5, 32, 54), and the course that it takes,
usually including a general deterioration of nutritional status and ultimately
corneal melting two to four weeks after the original onset of rash, strongly
suggests a nutritional component (102). Several investigators have concluded
that measles blindness is merely a reflection of underlying vitamin A deficiency
(5, 31, 72). However, there have been no well-conducted, population-based,
epidemiologic studies demonstrating that vitamin A deficiency accounts for
most of the post-measles blindness in Africa, and recent reports suggest a role
for secondary herpes simplex infection (90, 141).

PREVENTION

Three basic approaches have been taken with regard to prevention of xeroph-
thalmia (140): enhancement of dietary intake of vitamin A, fortification of a
commonly eaten food, and periodic administration of massive doses of vitamin
A. Unfortunately, there is a paucity of carefully conducted studies to demons-
trate the benefits of large-scale intervention activities.

Increasing the dietary consumption of foods rich in vitamin A or $-carotene
is the preferred approach to reducing the risk of xerophthalmia in a population
(45). It is generally held that a combination of horticultural, educational, and
general economic development approaches are needed. In Indonesia however,
careful assessment revealed that green, leafy vegetables rich in B-carotene were
already consumed on a regular basis by families with and without xerophthal-
mia (126). The difference was whether or not the children consumed the
greens, which provides a clear indication of the potential value of educational
campaigns by themselves. There has been little in the way of formal, intensive
intervention along these lines. A successful, rigorously documented and rigor-
ously evaluated model is needed.

Vitamin A fortification of a widely consumed food can be an inexpensive
and effective method of increasing vitamin A intake, raising serum levels, and
reducing xerophthalmia (3, 98). The demonstration of fortification technology
for margarine and dairy products prompted its expansion to other vehicles such
as sugar and monosodium glutamate (3, 98). For a particular food to qualify as
a potentially useful vehicle for fortification, it must be commonly consumed by
the population at risk (primarily preschool-age children), fortifiable using
available technology, manufactured or processed in a limited number of central
locations, and either exclusively marketed or competitive with nonfortified
brands. If these conditions can be met, fortification has the potential for good
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short-term and medium-term effects on vitamin A deficiency in a population
(140). Aside from having their use in reducing the prevalence of hypovitamino-
sis A in Guatemala, however, large-scale intevention programs and evaluations
are lacking.

Periodic administration of massive doses of vitamin A, usually 200,000 1U
of retinyl palmitate in oil with 40 [U of vitamin E every six months, has been the
most popular approach to controlling xerophthalmia and has been adopted by a
number of countries (145). The optimal program using this approach provides
universal dosing to all preschool-age children and lactating mothers every six
months. The object is to provide a large enough liver reserve to maintain the
child in relative adequacy until the next dose. In spite of the poor performance
of these programs in terms of serum vitamin A levels (1, 77), the evidence from
controlled trials and clinical studies suggest a prophylactic efficiency of 90% or
better for four to ten months (100, 122, 124).

Various capsule distribution programs are proceeding in several Asian,
African, Latin American, and Carribean countries (140). One advantage of the
massive dose is that the same preparation can be used to treat, as well as to
prevent, xerophthalmia. The recommended oral treatment schedule, 200,000
1U a day for two days (145), is as biochemically and clinically effective as the
more expensive use of parenteral preparations (113). The major effort and costs
are in reaching the children. Universal distribution schemes are costly and may
not reach more than 40-60% of the preschool population on a long-term basis
(107, 121, 125). More efficient but less complete coverage is achieved by
targeting distribution to children at highest risk encountered at various levels of
the health care system, e.g. those with protein-energy malnutrition, measles,
respiratory infection, and diarrhea (140). Whether this technique reaches
sufficient children to make a practical difference remains to be determined.
Preliminary data suggest that children with very severe protein-energy mal-
nutrition handle massive doses poorly and may require more frequent doses
(112). _ '
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