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XEROPHTHALMIA AND MEASLES IN KENYA 





STELLINGEN 

I. 

Onbehandelde gonoblennorrhoea neonatorum blijkt in tropische 
gebieden met een exorbitant hoge gonorrhoe frequentie maar betrek
kelijk zelden ernstig oogletsel ten gevolge te hebben. Mogelijk zijn 
pasgeborenen van moeders met een chronische gonorrhoische infectie 
min of meer immuun ten opzichte van de gonococcus. 

11. 

De cornea en conjunctiva vormen waarschijnlijk een belangrijke 
porte d'entn�e bij de overbrenging van het mazelenvirus. 

Ill. 

De hoge mortaliteit als gevolg van mazelen in ontwikkelingslan
den wordt voornamelijk veroorzaakt door de slechte voedingstoe
stand van de slachtoffers. 

IV. 

Langdurige ernstige wanvoeding in de eerste levensjaren heeft 
waarschijnlijk een ongunstige invloed op de ontwikkeling van de her
senen en de hiervan afhankelijke psychomotorische functies. 

V. 

Het verdient aanbeveling bij de diagnostiek van kinderziekten in 
de tropen rekening te houden met de mening van de moeder van het 
zieke kind. 

VI. 

Het ongenuanceerde gebruik van de term witch-doctor ter aandui
ding van de medicijnman in de Derde W ereld betekent een onder
schatting van de bekwaamheden van vele bonafide autochtone be
oefenaren van de geneeskunst. 





VII. 

De opvatting dat het binoculaire zien pas omstreeks het zesde jaar 
volledig ontwikkeld is, kon ontstaan omdat men gebruik maakte van 
op cognitieve functies gebaseerde meetmethoden. 

VIII. 

Het overigens juiste streven naar een zo vroeg mogelijke detectie 
van amblyopie kan, indien al te nadrukkelijk gepropageerd, leiden 
tot onderwaardering van de visuele competentie van de amblyoop, 
de bezitter van het luie oog. 

IX. 

In geval van traumatisch cataract beneden de leeftijd van 6 jaar 
dienen bij de overwegingen, die kunnen leiden tot de implantatie van 
een intra-oculaire lens, chirurgische tegenargumenten te prevaleren 
boven de wens amblyopie te voorkomen. 

X. 

De term background fluorescentie in de fluorescentieangiografie 
van de oogfundus is verwarrend en verdient derhalve geen aanbeve
ling. 

XI. 

Het staat niet vast, dat infantiele periarteritis nodosa een zeldzame 
ziekte is. 

XII. 

Het deskundig rapen van kievitseieren is een goede zaak. 

XIII. 

Nu het kunstgebit ons dagelijks uit talloze monden, ja zelfs uit een 
glas op het TV-scherm sprankelend toelacht, doch het kunstoog als 
gebruiksvoorwerp om tal van redenen aanzienlijk minder in zwang 
is, lijkt het zinvol de volgorde van de aloude spreuk oog om oog, tand 
om tand, althans voor deze tijd, te herzien. 
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I. INTRODUCTION 

Chapter I. 1 

THE CONCEPT OF XEROPTHALMIA 

1 .  The name: 

Xerophthalmia means disease of the dry eye. This term is used for all 
ocular manifestations of vitamin A-deficiency, which form the readi
ly recognizable expression of this disease in man (Me Laren 1963 ) .  
All epithelial cells which line the surface and cavities of the body, 
and most likely many of the other cells as well, are affected 
(Boyd 1973). Therefore the word xerophthalmia indicates in fact all 
clinical aspects owing to vitamin A-deficiency (Oomen 1961 ,  Me 
Laren 1 963 ) .  

Xerophthalmia is closely linked with protein-calorie malnutrition 
(and the use of skimmed milk without added vitamin A) and with 
the acute and chronic infectious disorders of childhood. It aggravates 
morbidity and mortality in child malnutrition. Blindness and impair
ment of vision in the surviving victims constitute the most impor
tant Public Health aspect of vitamin A-deficiency (Oomen 1961) .  

2. Historical background: 

Excellent extensive reviews of the early history of xerophthalmia are 
given by Oomen ( 1961) ,  Me Laren ( 1963) and ten Doesschate ( 1968).  
We will only mention some of the main points of this history : 

It is very likely that the ancient Egyptian physicians already re
commended "liver of ox roasted and pressed" to cure night-blindness. 
This prescription was found by Drummond and Wilbraham (1939) 
in the Ebers papyrus written about 1 600 n.c. in Egypt. At about the 
same time the doctors in China were giving "liver, dung of the flying 
fox, and tortoise shell" for the cure of night-blindness (Read 1936 ) .  
Hippocrates prescribed "the whole liver of an ox dipped in honey" 
and the therapeutic value of liver was also known to later Roman 
writers. It is believed that Celsus (25 n.c. - 50 A.D.) first used the 
term xerophthalmia. In medieval times night-blindness was probably 
widespread in Europe, as even the 14th century poet in Holland, 
Jacob van Maerland, referred to this disease and its cure: "the liver 
of the goat". 
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An accurate description of xerophthalmia was given by the French 
physician Jacques Guillemeau ( 1 585), who also recommended for 
night-blindness : "le foye de bouc rosti, estant sale et le manger". One 
of the best early descriptions of xerophthalmia and keratomalacia 
was given by Arlt ( 1 85 1 ). 

Since Holm in 1 925 had discovered that rats on a diet insufficient 
in vitamin A became night-blind, there has been an immense chain of 
publications on vitamin A in general and on the many aspects of 
xerophthalmia in particular. The last monograph on this subject is 
written by T. Moore in 1 957. 

3 .  Magnitude of the problem 

In spite of the fact that the clinical picture and the cure of xeroph
thalmia are already known for many ages and we have at our dispo
sal an enormous, still growing bulk of knowledge about vitamin A 
metabolism, xerophthalmia still constitutes the most important cause 
of - preventable - child blindness in many developing countries. It is 
estimated that more than 20.000 children in Southeast Asia, the 
Middle East and tropical Africa are permanently blinded in this way 
every year (WHO 197  4 ) . This is even more tragic, as it is relatively 
easy to prevent this kind of blindness ( Oomen 1961 ,  McLaren 1 963). 
The epidemiology and Public Health aspects of hypovitaminosis A 
are reviewed by Oomen, McLaren and Escapini in 1 964. 

4 .  Prevention and therapy 

The occurrence of xerophthalmia in developing countries is mainly 
due to ignorance about proper feeding, taboos, poverty and 
diseases. Ignorance plays the dominant parent role in this respect. 
Attemps to combat xerophthalmia should therefore first of all be 
concentrated on attacking these four general problems. However, 
extensive experience in many countries has shown that this indirect 
approach takes generations to wipe out the disease (Me Laren 1 963). 

In areas where xerophthalmia is (highly) endemic, the fortification 
of foods with vitamin A seems to be an efficient, direct, short-term 
approach of the problem on a large scale. 

The most efficient, direct approach is the following: 
As the fat-soluble - depot - vitamin A1 (retinol) is (mainly) stored 
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in the liver, a single massive oral dose of vitamin A-palmitate in oil 
protects the susceptible, malnourished, vitamin A deficient child for 
about 6 months. The dosage is : 100.000 IU under the age of 1 year, 
200.000 IU between 1 and 6 years, and 300.000 IU over 6 years 
(Olson 1 972). It seems wise to add an aqueous solution containing 
100.000 IU vitamin A-palmitate intramuscularly in the buttock, in 
case of severe affection of the digestive tract. The single massive oral 
dose of vitamin A is not only adequate for the prevention but also 
for the therapy of all stages of xerophthalmia. 

If high dosage vitamin A capsules and ampoules are not available, 
other vitamin A preparations or foods rich in retinol - like red palm 
oil, cod-liver oil, halibut- and shark-liver oils, milk, eggs and fish
liver - can prevent damage to the cornea in children "at risk". 

In all cases nutrition education should be given to the relatives of 
the xerophthalmia patients as explicitly and frequently as possible. 

Chapter I. 2 

THE CLINICAL PICTURE OF XEROPHTHALMIA 

Excellent detailed descriptions of the clinical picture of all stages of 
xerophthalmia are given by Oomen ( 1961) ,  Me Laren ( 1963), ten 
Doesschate ( 1968) and many others. We will only shortly mention 
the most important items. 

The following stages of xerophthalmia are to be distinguished : 

1 .  Night-blindness (X-N) 
Difficulty in seeing in dim light is the first clinical symptom of 

vitamin A deficiency in man. It is due to the decrease of rhodopsin 
in the retina, resulting in a disturbance of the rod function (Dowling 
and Wald 1958) .  

Measuring dark adaptation threshold levels in the 23 - vitamin A 
deprived'� - subjects of the Sheffield experiment (undertaken under 
the auspices of the British Medical Research Council in 1 949), Hume 
and Krebs found not only a progressive rise in the final rod threshold 
of these persons but also a prolongation of the cone-rod transition 
time and a lengthening of the cone adaptation in 2 of them. Thus 
both scotopic and photopic vision can be disturbed in hypovitamino
sis A (see figure) . 

* The protein intake was adequate in this experiment. 

3 



� � 
� l 

�-- '\ � 
-2 \ \ 

" 

�\ 
\ \ 

" " 

� 

-3 

0 10 20 

�'-..... 

� 

� 

30 40 
minutes 

16 Febr. 1944 

4 Dec.1942 

10 Aug. 1942 

Curves of dark adaptation for one of the 23 - vitamin A deprived - subjects of 
the Sheffield experiment at different stages of depletion. (Redrawn from Hume 
and Krebs 1 949). 

2. Conjunctival xerosis (X-1A) 
If the bulbar conjunctiva shows dry, opaque spots which are not 

moistened by the pre-ocular tear-film, there is conjunctival xerosis. 
These dry spots are usually situated in the palpebral aperture, on 
both sides of the cornea. 

Conjunctival xerosis is often accompanied with thickening and 
wrinkling of the bulbar conjunctiva. The limbus parallel folds are 
most marked on lateral movements of the eye-balls. 

A fine granular, so-called "smoky" pigmentation of the conjunc
tiva is also very common in children with conjunctival xerosis. 

Neither the thickening and wrinkling nor the smoky pigmentation 
of the conjunctiva are, however, specific signs of actual vitamin A
deficiency. Their significance in relation to sustained hypovitami
nosis A is still to be evaluated. 

3. Bitot's spots (X-1 B) 
The adherent greasy or foamy material on the bulbar conjunctiva, 

consisting of keratinized desquamated epithelial cells and phospho-
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lipids from the Meibomian glands, bears the name of the French 
physician Bitot who described such spots in 29 debilitated orphans 
in an institute at Bordeaux in 1 863. The first who draw attention to 
these spots, was the Russian physician M. de Hubbenet, in 1 860. 

Bitot's spots frequently have a more or less triangular shape, their 
base lying parallel to the limbus. Many spots show vertical striae 
which are due to the limbus parallel folds of the underlying conjunc
tiva. The non-pathogenic, gas-forming Corynebacterium xerosis 
which is often found in large amounts in Bitot's spots, is probably 
responsible for the striking foamy appearance of many of these 
spots. The greyish-white or silver-white spots are usually situated in 
the palpebral aperture, especially temporal of the cornea but some
times inferior or superior of the cornea. They have a very typical 
appearance and are easily recognized as such. 

In certain communities in India it is custom to smear the child's eyelids with 
a mixture of carbon and grease ("kajal"). Some of this always gets into the con
junctival sac and adheres to the greasy surface of the - developing - Bitot's spot. 
In such cases the spots may be black instead of white (Jelliffe 1968). 

4. Corneal xerosis (X-2) 
If the cornea is no longer moistened by the pre-ocular tear-film, it 

becomes hazy and soon gets a greyish-white appearance. This stage 
of corneal xerosis often rapidly progresses into the next phase of 
xerophthalmia, if no adequate therapy is given immediately. 

5. Corneal erosion (X-3A) 
The dry, keratinized epithelium is extremely vulnerable and the -

most exposed - lower part of the cornea suddenly shows a smaller or 
larger erosion which soon extends, involving Bowman's membrane 
and the corneal stroma as well, forming a real corneal ulcer. If the 
proces is stopped before Bowman's membrane is affected, the eye will 
heal without any corneal scarring. Sometimes these erosions are situ
ated in other parts of the cornea. 

6. Corneal ulceration and keratomalacia (X-3B) 
In the course of a few hours a large deep corneal ulcer may deve

lop, frequently accompanied with a smaller or larger hypopyon. Cor
neal perforation often occurs spontaneously but is sometimes induced 
by rubbing or severe attacks of cough. This may result in a Desceme-
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... cele or an iris-prolaps ("fly's head", myocephalon). If the corneal 
defect is large, the lens may be extruded and a phthisis bulbi is the 
result. A phthisis also follows after secondary infection leading to 
panophthalmitis. 

Sometimes the whole cornea or most of it except a narrow periphe
ral zone, becomes yellowish-white and opaque, progressing within a 
a few hours into a localized or generalized softening, called kerato
malacia. This alarmingly swift process of colliquative necrosis resem
bles that seen after severe lime burns of the cornea. It is most likely 
that the rapid progression of the stromal ulceration in keratomalacia 
is also due to the release of proteolytic enzymes (collagenase) from 
the altered epithelial cells (Cf. Dohlman 1 972). 

Sometimes the cornea shows dry gangrene (coagulation necrosis) 
called mummification, resulting in a total leucoma. 

The anterior chamber of the eye may be obliterated for ever by 
extensive adhesions of the iris to the cornea. If the weakened cornea 
5ives way to the increased intra-ocular pressure - after closure of the 
perforation opening - a corneal, intercalary or ciliary staphyloma 
:ievelops. 

If the anterior chamber is (partly) restored, a smaller or larger 
(adherent) leucoma is the result. In the least serious X-3B cases the 
cornea is healing with a small nebula or macula. 

In many instances an anterior polar cataract on an otherwise clear 
lens becomes visible some months later. 

7. The recently healed xerophthalmia scars mentioned above may be 
indicated by X-4 (ten Doesschate 1 968), the late, definite xeroph
thalmia scars by X-S. 

8. The typical picture of fundus xerophthalmicus (X-F) as described 
by Teng in 1964 (and later), consists of small white spots in the retina 
and may be found in protracted low-grade vitamin A-deficiency. 

Characteristics of the severe stages of xerophthalmia (X-2, X-3A 
and X-3B) are: the rapid progression of the process and the lack of 
an adequate inflammatory response. Typical of conjunctival xerosis 
owing to vitamin A-deficiency are: the striking decrease of mucus
producing conjunctival goblet cells and the keratinization of the su
perficial epithelial cell layers (Cf. Dohlman 1972). 
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Chapter I. 3 

DIFFERENTIAL DIAGNOSIS OF XEROPHTHALMIA 

The following points are to be considered in the differential diagno
sis of xerophthalmia :  

1 .  Night-blindness (X-N) 
Apart from the very rare isolated congenital night-blindness and 

the night-blindness owing to a primary or secondary tapeto-retinal 
degeneration, difficulty in seeing in dim light may also be due to 
hypovitaminosis B2 (riboflavin deficiency, Venkataswamy 1 967). If  
acquired night-blindness disappears within a few days after adequate 
vitamin A therapy, hypovitaminosis A can rightly be considered to 
have caused this transient night-blindness. 

2. Conjunctival xerosis (X-1 A) 
Conjunctival xerosis in children with otherwise normal eyes must 

be considered as a sign of vitamin A-deficiency. Other causes of con
junctival xerosis in children are very rare and of no significance in 
areas where xerophthalmia is (highly) endemic. In addition these rare 
causes are always readily recognizable as such : Stevens-Johnson syn
drome, (M. Lyell), ocular pemphigoid, xeroderma pigmentosum, and 
a defective function of the eyelids in the presence of coloboma, facial 
palsy, deformation by scarring and pronounced exophthalmus. A 
congenital absence of the secretion of tears (alacrima) is an extremely 
rare anomaly with a typical clinical picture. Kerato-conjunctivitis 
sicca (M. Sjogren) does not occur in children (Duke-Elder 1 964 ) .  

Slight conjunctival xerosis may develop on inflamed pterygia and 
pingueculae which never constitute a diagnostic dilemma. 

3. Bitot's spots (X-1B) 
Bitot's spots may develop on more or less permanently exposed 

parts of the bulbar conjunctiva in case of a defective function of the 
eyelids, and on extensive corneal and conjunctival scars as well. 
There has been and still is much controversy in the literature about 
their significance in relation to vitamin A deficiency. We will discuss 
this problem in chapter Ill, 4 .  
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4. Corneal xerosis (X-2), corneal erosion (X-3A), corneal ulceratzon 
and keratomalacia (X-3B) are easily distinguishable from similar cor
neal affections by other causes, on the basis of the striking and typi
cal absence of an adequate inflammatory response in case of vitamin 
A -deficiency. 

The clinical picture of a gonococcal kerato-conjunctivitis, ulcus 
(serpens) cum hypopyo or traumatic corneal perforation - with a se
vere inflammatory reaction on the corneal damage - is so entirely 
different, that it can easily be ruled out in the acute stage of severe 
xerophthalmia. 

5. Corneal scars (X-4, X-S) 
Corneal scars due to xerophthalmia may resemble the scars resulting 
from gonoblennorrhoea or injury. As discussed in chapters Ill, 1 0  
and 1 1 , the history is in such cases the main indicator of the real 
cause of the corneal scarring. 

Chapter I. 4 

DIETARY SOURCES AND BIOCHEMICAL ASPECTS OF 
VITAMIN A 

1 .  Dietary sottrces of vitamin A 

"Retinol (vitamin A) is found only in foods of animal origin, but it 
can also be manufactured in the body from the pigments known as 
carotenes, which are distributed widely in plants. One of these, beta 
carotene, is by far the most important source of retinol. 

Since this vitamin is concentrated and stored in the liver fat, liver 
is a rich source, but meat and carcass fat contain only traces and are 
of little nutritional value in this regard. Fish livers are especially rich 
in retinol, and cod-liver oil is a traditional form of supplying this 
vitamin to children; halibut- and shark-liver oils are usually even 
richer sources. Milk is a fairly rich source of vitamin A, which is 
present as well in butter and cheese. Eggs also contain significant 
amounts. 

Carotene is supplied by fruits and vegetables. Carrots and many 
dark-green vegetables are very good sources, although cabbage and 
lettuce contain little. In general, the more coloured a fruit the richer 
its carotene content. 
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Most cereals contain insignificant amounts of carotene, although 
the yellow varieties of maize contain small quantities. Vegetable oils 
are not a source of carotene, with the exceptions of corn oil, which 
may contain a little, and red-palm oil, which is very rich in it." 

From this quotation of the W.H.O. "Handbook on Human Nutri
tional Requirements" ( 1974) it is clear, that the majority of the chil
dren in many developing countries mainly have to rely on (dark) 
green leafy vegetables and (yellow or orange) coloured fruits for an 
adequate intake of vitamin A( -precursors). Foods of animal origin 
are not available in sufficient amounts and far too expensive for 
many people. 

2. Biochemical aspects of vitamin A 

We will only mention some of the - generally accepted - biochemical 
aspects of retinol (Moore, McLaren, Oomen, Olson and others). 

Under normal circumstances over 90°/o of ingested vitamin A and 
about 70°/o of ingested {J-carotene is absorbed in the upper small in
testine. The conversion of carotene to retinol takes place mainly in 
the intestinal mucosa and to a smaller extent in the liver and kidney. 
Via the lymph retinol is transported into the blood stream and ulti
mately mainly taken up by the liver. The actual process of storage 
and mobilization of retinol from the liver is still unclear. The carrier 
protein, termed retinol binding protein (RBP), which is believed to 
be mainly synthesized in the liver, is essential for the transportation 
of retinol from the liver stores to the target tissues. 

Only one function of vitamin A is well defined, namely its inter
action with various opsins of the retina to form the visual pigments. 
Upon exposure to light, the 1 1 -cis form of retinaldehyde is isomeri
zed to the all-trans form, which in turn triggers a series of chromo
phoric changes in the complex. Concomitantly ion transport and 
membrane potentials are affected. The latter may well give rise to 
nerve impulses which finally can induce perception. Thus vitamin 
A and its derivatives are involved in the light-induced, energy trans
ducing systems of the retina. 

Vitamin A also controls the differentiation of epithelial tissues, 
particularly of the skin, the respiratory, digestive and uro-genital 
tracts, and of the conjunctiva and cornea. 
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The inter-relationship between vitamin A deficiency and infection 
has long been known (Scrimshaw 1968). The malnourished, vitamin 
A-deficient child easily gets into a vicious circle: 
1 .  I f  the digestive tract is seriously affected, the absorption of vita

min A and (;3)carotene, and the conversion of carotene to retinol 
are considerably diminished. Thus the lack of vitamin A is gro
wing continuously. 

2. In severe protein-calorie malnutrition the synthesis of retinol bin
ding protein (RBP) is insufficient. 

3. In infectious diseases with high fever considerable amounts of 
RBP disappear through the kidneys and are found in the urine. 

In both cases the transport of retinol from the liver to the tissues is 
seriously impeded or possibly even blocked, owing to the lack of car
rier RBP. 

For these reasons malnourished, vitamin A deficient children are 
highly "at risk", if they get infections with fever and digestive tract 
involvement. 

Chapter I. 5 

OPHTHALMIC PATHOLOGY IN MEASLES 

Serious corneal complications of measles kerato-conjunctivitis were 
not uncommon in Europe until the Second World War (Hirschberg 
1 869, Mooren 1 884, Galezowski 1 887, Hertel 1902, Morax 1 903, 
Axenfeld 1904, Schottelius 1 904, Cosmettatos 1908, Weil and Mouri
quand 1 908, Meyer 19 1 8, Paul 1 920, Groenouw 1932, Custodis 1937, 
and others) . Many of the victims described suffered from malnutri
tion. 

Nowadays serious corneal damage by measles kerato-conjunctivitis 
is a rare exception in Europe and modern literature about this eye 
affection is scarce (Papp 1 954, Banks 1 958,  Gaud 1958 ,  Duke-Elder 
1 964). F. Gaud discussed in his thesis in 1 958 793 cases of measles 
kerato-conjunctivitis observed in Paris. 

In many tropical and subtropical countries, particularly in Africa, 
however, the ocular complications of measles kerato-conjunctivitis 
are considered to be an important cause of blindness (Wessels and 
Pratt-Johnson 1956, Blatz 1 956, Rodger 1 959, Armengaud, Frament, 
B. and J. Diop 1961 ,  Kraft 1 962, Quere 1964, Awdry, Cobb and 
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Adams 1967, Morley 1 969, McGlashan 1969, Bwiwo 1 970, Emiru 
1971, Jelliffe 1973 and Gibbs 1 974). It is striking that these serious 
complications mainly occur in debilitated children and that the clin
ical process and the resulting scars are similar to the process and 
scars of severe xerophthalmia. We will discuss this problem in chap
ter Ill, 8. 

Other ocular complications of measles are the following: 
1. Metastatic uveitis, resulting in bilateral phthisis bulbi (Ravin 

1944). 
2.  Optic neuritis (von Graefe 1 866, Nagel 1 871, Carreras Arago 

1882, Boucher 1 888, Fage 1 902, Morax and Godde-Joly 1957, 
Srivastava and Nema 1963). 

3 .  Neuro-retinitis (Stewens 1930, Jager 1959, Martenet 1963, 
Haydn 1970). 

4. Tape to-retinal degeneration (Schlossberg and Prizer 1940, Fran
ceschetti, Babe! and Amman 1 964, Metz and Harkey 1 968, Biich
lers 1 969, Hentch and Kiilz 1969, Lalive D'Epinay and Martenet 
1 972, Regensburg and Henkes 1 973). 

The modern publications mentioned above are case reports of the 
very rare ocular complications of measles in Europe. These few single 
cases seem to attract much more attention of the medical world, 
especially the ophthalmologists, than the every day opthalmic pro
blems of the masses of malnourished measles patients in many deve
loping countries, who still become blind by damage to the anterior 
eye segment. 

Chapter I. 6 

THE SCOPE OF THE INVESTIGATION 

As mentioned before, the ocular complications of severe measles in 
malnourished children are considered to be an important cause of 
blindness in many African countries. 

Franken examined in 1 972 in Kenya and Tanzania many eye
patients with corneal scars, who blamed measles as the cause of their 
eye lesions. He also observed malnourished measles patients who 
showed a kerato-conjunctivitis but signs of xerophthalmia as well. 
On the basis of these two observations he presumed that the ocular 
complications of severe measles are in fact due to xerophthalmia, pre
cipitated by the "catalyst" measles. 
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In order to gain a better understanding of this important compli
cated problem, we performed a xerophthalmia-investigation in Ke
nya in 1974.  Our aims were the following: 

1 .  to obtain a general impression of the prevalence of xerophthalmia 
in Kenya, 

2. to study the clinical picture of xerophthalmia, 

3. to study the clinical picture of measles kerato-conjunctivitis, both 
in well-nourished and in malnourished Kenyan children, 

4. to evaluate the role of measles, other infectious diseases and xer
ophthalmia, in oncoming blindness in Kenyan children, 

5. to evaluate the use of vital staining for the early diagnosis of xer
ophthalmia. 
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II. METHOD OF INVESTIGATION 

Chapter 1/. 1 

ENVIRONMENT AND LIVING CONDITIONS 

Kenya is situated on either side of the equator and is bordered by 
Ethiopia, Somalia, the Indian Ocean, Tanzania, Uganda and Sudan. 
It has about the size of France (582.646,4 km2) ,  21/2 times the size of 
Uganda and has approximately 1 3  million inhabitants, divided over 
more than 30 different tribes. The majority of the people live in the 
relatively small cultivated areas east of Lake Victoria, around Mount 
Kenya, north and east of Nairobi and along the coast. The northern 
and eastern part of the country consists mainly of semi-desert. More 
than two-third of Kenya is scarcely populated by nomads (see figures 
2 and 3). The country is divided in 7 provinces, consisting of 40 dis
tricts (see figure 1). 

As socio-economic, cultural, climatical, geographical and dietary 
patterns (Bohdal 1 969) vary largely in different places, we did our 
case finding study in the first half of 1 974 in the following regions : 

1 .  Nairobi Area 

As the poor people in the slums of Nairobi City cannot afford food 
rich in protein and retinol nor buy sufficient green leafy vegetables 
and fruits to cover their need for vitamin A(-precursors), we expec
ted to find here cases of protein-calorie malnutrition and xerophthal
mia. 

2. Cultivated areas 

In the densely populated, green fertile regions mainly cash-crops are 
grown, like coffee, tea, sugar-cane, pyrethrum, cotton, sisal, wattle 
and castor. The plantation workers have hardly any time left to 
work on their "shambas" in case they own such small fields. There
fore many of these people have to buy their food on the market. 
Clothes and other household utensils are often preferred to proper 
food. For these reasons we expected to find cases of malnutrition and 
xerophthalmia in these green fertile areas as well. 
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Figure 1 .  PROVINCES AND DISTRICTS OF KENYA 

I NAIROBI AREA 

11 CENTRAL PROVNCE: 1 Kiambu, 2 Kirinyaga, 3 Murang'a 4 Nyandarua, 
5 Nyeri District. 

Ill EASTERN PROVINCE: 1 Embu, 2 Isiolo, 3 Kitui, 4 Machakos, 5 Marsabit, 
6 Meru District. 

IV COAST PROVINCE: 1 Kilifi, 2 Kwale, 3 Lamu, 4 Mombasa, 5 Taita, 
6 Tana River District. 

V NORTH-EASTERN PROVINCE: 1 Garissa, 2 Mandera, 3 Wajir District. 

VI WESTERN PROVINCE: 1 Bungoma, 2 Busia, 3 Kakamega District. 

VII NYANZA PROVINCE: 1 Homa Bay, 2 Kisii, 3 Kisumu, 4 Siaya District. 

VIII RIFT VALLEY PROVINCE: 1 Baringo, 2 Elgeyo-Marakwet, 3 Kajiado, 
Kericho, 5 Laikipia, 6 Nakuru, 7 Nandi, 8 Narok, 9 Samburu, 10 Trans 
Nzoia, 11 Turkana, 12 Uasin Gishu, 13 West Pokot District. 
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Fig.1. Provinces and. Districts 

SUDAN 

TANZANIA 

ETHIOPIA 

INDIAN 
OCEAN 



3. Nomadic areas 

Under normal circumstances the nomads live mainly on milk, meat, 
blood, berries and maize preparations. Owing to serious drought in 
the past years, however, their flocks had been decimated, whereas the 
surviving thin animals produced hardly any milk. In such times of 
scarcety the nomads have to subsist on starchy food only. Thus we 
expected to find malnourished nomadic children suffering from xer
ophthalmia as well. 

More information about the ecology in the places concerned is given 
in the chapters Ill, 1-11 .  

Chapter Il. 2 

ITINERARY AND PATIENT MATERIAL 

1. Itinerary 

In all we visited 59 Health Centres, 3 orphanages, 21 primary and 
3 secondary schools, 2 prisons, 23 (remote) villages and the 7 schools 
for blind children in Kenya (see figure 4). We could only pay flying 
visits to most of these places but had the opportunity to work in the 
Maua Methodist Hospital for one month. In the orphanage of Garba 
Tula and in the 7 schools for blind children we performed also a 
more elaborate examination. The majority of the places mentioned 
were visited without previous notice. 

2. Patient Material 

We examined the eyes of about 6000 pre-school children, 14 .000 
school-age children between 5 and 1 8  years old, and 8500 adults. The 
pre-school children consisted of Out- and In-Patients observed in 
Health Centres and "healthy" village children. The majority of the 
school-age children were seen in the 24 schools mentioned before, the 
others and the adults were observed in Health Centres and villages. 
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KENYA 
Fig. 2. Cultivated land 
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In the chapters Ill, 1 - 1 1  we will discuss the following: 

1 .  96 healthy, well-nourished Kenyan pupils of a primary school 
for the affluent in Nairobi. 

2. 50 healthy, well-nourished orphans of a well managed orpha
nage in Nairobi. 

3. 120 orphans "at risk" living on a marginal diet provided by the 
"Soupkitchen" of Merti. 

4. 77 malnourished orphans in Garba Tula - living on a vitamin A 
deficient diet - before and after vitamin A therapy. 

5. A preliminary study of the epidemiology of xerophthalmia in 
Kenya. 

6. 45 well-nourished Kenyan children suffering from measles kera
to-conjunctivitis. 

7. 34 malnourished Kenyan children suffering from severe xeroph
thalmia. 

8. 5 1  malnourished Kenyan children suffering from measles kerato
conjunctivitis in combination with xerophthalmia. 

9. 1434 paediatric files in the Maua Hospital. 

1 0. the causes of blindness in 749 pupils of the 7 schools for blind 
children in Kenya. 

1 1 .  593 individuals with corneal scars. 

3. Vital staining in Indonesian children 

We had the opportunity to perform a short additional xerophthalmia 
investigation on Java in December 1 974. The findings in Kenya -
especially those in respect to vital staining in xerophthalmia and 
measles kerato-conjunctivitis - could be evaluated at this occasion. 
The results of these observations on Java are discussed in chapters 
IV, 1 and 2. 
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KENYA 
Fig.3.Population and tribe distribution 
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Figure 4. PLACES VISITED IN KENYA 

place 
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I. Aluor EB 35. Loglogo + + 
2. Bungoma + 36. Lokori + + + 
3. Busia + 37. Lowrenyak + + 
4. Chief Jillo Manyatta + 38. Mahigaini + 
5. Chogoria + 39. Mandera + + + 
6. Eldoret + 40. Marsabit·� + 3+ + 
7. Garba Tula + + + 41. Maua + + 
8. Gathigirini + + 42. Merti + 
9. Homa Bay + 43. Meru + 

10. Egoji EB 44. Miathene + 
11. Isiolo + + 45. Misikhu + 
12. Kajiado + 46. Mukumu + 
13. Kaimosi + 47. Mumias + 
14. Kakamega + 48. Mutira + + 
15. Kakuma + + 49. Mutomo + + + 
16. Kalakol + 50. Nairobi 11 + + + 
17. Kangeta + 51. Nakuru + 
18. Kapsabet + 52. Nandi Hills + 
19. Kaputir + + 53. Nangina + 
20. Kataboi + + 54. Nanyuki + 2+ 
2 I. Katilu + + 55. Ngao + + 
22. Kericho + 56. Nguka + 
23. Keruguya + 57. Oloitokitok + 
24. Kibos EB 58. Sagante + + 
25. Kimbimbi + 59. Samburu + 
26. Kipao + + Chiefs Ngang 

27. Kirogo + + 60. Sikri EB 
28. Kisii + 61. Thiba + + 
29. Kisumu* 2+ 62. Thika 2Ef) 
30. Kitale + 63. Tigania + 
3 I. Laisamis + 64. Tumu Tumu + 
32. Likoni EB 65. Ukunda + 
33. Limuru + 66. Voi + 
34. Lodwar + + + 67. Wajir + + 

total 59 31 23 

EB : s::hool for blind children. 

'' In Kisumu and Marsabit we also examined prisoners. 
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Chapter I I. 3 

THE OPHTHALMIC EXAMINATION 

1 .  Inspection 

We examined the anterior eye-segment and the eyelids under focal 
illumination by a torch and with the aid of a hand-loupe of + 1 3  
diopters. If  indicated and feasible, we used a "KOW A" hand-slit
lamp. In the orphanage of Garba Tula and in the 7 schools for blind 
children we performed indirect and direct fundoscopy in mydriasis, 
using a "Jena" ophthalmoscope, a lens of + 20 diopters and a 1 2  
volts battery. Relevant external ocular pathology was documented 
photographically with a 35 mm reflex camera-body, automatic ex
tension bellows, 50 and 1 35 mm lens and electronic flash. 

Most small children were examined on the knees of the mother, 
who usually was very cooperative and skilfully kept the eye of her 
child open. 

If the child was afraid and kept its eyes firmly closed or if it suf
fered from an acute conjunctivitis with profuse discharge, swollen 
eyelids, photophobia and blepharospasm, manual separation of the 
lids was not possible. In such cases we used eyelid retractors. With 
the aid of these instruments we were able to open all eyes wide 
enough for proper inspection. 

As figure 3 shows, it is easy to make such an "eye-opener" from a paperclip. 
Such retractors can readily be adapted to the child concerned and if they are 
fixed on the forehead and zygoma, one helper can keep the eye open and immo
bilize the child's head at the same time (see figure 5). These paperclip retractors 
proved to be as feasible as the eyelid retractors of Desmarres (see figure 4). The 
use of a local anaesthetic e.g. 0,2% oxybuprocain, was comfortable for the child 
but not strictly needed. After use we cleansed the clips and kept them in 70% 
alcohol; before using them again we held the upper bent part of the retractors in 
a little flame for a few seconds, in order to prevent contamination. 

Apart from a thorough inspection of the anterior eye-segment, eye
lids and lashes, special attention was paid to the pre-ocular tear-film, 
the mucous thread in the inferior fornix and the ostia of the Meibo
mian glands. 

The normal tear-film consists of 3 main layers : the superficial lipid 
layer derived from the Meibomian glands, the aqueous layer origina-
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ting in the lacrimal glands and the mucous l ayer, produced by the 
conjunctival goblet cells and rubbed into the corneal surface at each 
blink (Wolf 1 954, Lemp et al. 1 970, Dohlman 1972). Mucus makes 
the normally hydrophobic epithelial surface hydrophilic, which is 
necessary for proper wetting with aqueous tears. In case of insuffi
cient mucus-production the tear-film is unstable and the tear-film
breaking-up-time (BUT) shorter than 1 0  seconds. The BUT is defined 
as the interval  between a complete blink and the appearence of the 
first randomly distributed dry spot. It should be measured 1 0  conse
cutive times and averages between 25 and 30 seconds in normal eyes, 
with a wide fluctuation (Norn 1969, Lemp et al. 1 970 and 1 973, 
Dohlman 1972). According to Lemp ( 1973), the BUT should be lon
ger than 1 0  seconds with 1 0  consecutive measurings. As stated by 
Ehlers ( 1966), the thickness of the tear-film is about 7- 9 fl. We have 
inspected the pre-ocular tear-film and measured the BUT after stai
ning by 1 Ofo fluorescein (see rr. 4 ) .  

The mucous thread in the inferior fornix is transparent and there
fore hardly visible to the naked eye. After stainig by 1 Ofo alcian blue 
it is well visible and can be judged properly (see II. 4). This thread is 
a measure for the mucus-production of the conjunctival goblet cells 
and is as such an important indicator. It acts as a "band-conveyer" 
for dust and other particles and constitutes an essential cleaning me
chanism of the eye (Norn 1 972). 

The ostia of the Meibomian glands are easily visible, if the eyelids 
are slightly eversed. As figure 1 shows, it is possible to squeeze out 
the contents of these sebaceous glands by firm pressure of the eyelids 
against each other between the forefinger and the thumb. Normally 
a yellowish transparent viscous substance appears on expres
sion, similar to melting butter. If the Meibomian ostia are blocked, 
the outer lipid tear-film is l acking and the evaporation rate of the 
watery tear-film is increased by a factor 1 0  (Mishima and Maurice 
1961) .  As obstruction of the ostia of the Meibomian glands- by kera
tinized epithelial plugs - may occur in xerophthalmia, these glands 
deserve special attention. 

2. Visual acuity 

We tested the visual acuity of the 77 inmates of the orphanage of 
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Figure 1. Manual expression of the Meibomian glands by firm pressure of the 
eyelids against each other between the forefinger and the thumb. 

Garba Tula with the aid of a Snellen chart at a distance of 5 metres. 
In the 7 schools for blind children we used near-vision charts with 
well known figures and finger counting as well. 

3. Night-blindness 

In suspected cases - e.g. dense smoky pigmentation of the conjuncti
va, positive rose bengal test and Bitot's spots - we performed the fol
lowing simple dark adaptation test: 

Together with mother and - walking - child we entered a dimly lit 
room which was just too dark for reading. If the child was not able 
to find his silent mother in this semi-dark environment, we presumed 
that the child was night-blind. Afterwards we evaluated these fin
dings by the history taking. Older children, adolescents and adults 
were asked to count fingers in a semi-dark room at a distance of 1 
metre. The examiner never had any difficulty in seeing under such 
circumstances and could thus serve as a standard of comparison with 
the persons to be examined. 

In the orphanage of Garba Tula we tested all 77 inmates in groups 
of about 15 - before and after vitamin A therapy - in the following 
way :  

Previous to the dark adaptation test we used a high pressure paraf-
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fin lamp ("Petromax") to bleach the central part of the retina for 2 
minutes. The luminous intensity of this lamp is 500 candela and the 
area of the cylindrical wick 0,0075 m2• Thus the luminance of this 
lamp was about 66.000 cd/m2• With proper fixation of the light at a 
distance of 30 cm and with a presumed minimal pupil diameter of 
2 mm, the luminance of the exposed central part of the retina - about 
7,5 degree subtense - was therefore at least 2 x 1 05 trolands':·. This 
high initial adapting luminance rules out the measurement of the 
dark adaptation of the rods for at least 10 minutes, as the cones in 
the bleached area have a lower threshold than the rods during that 
period (see figure 2, Hecht, Haig and Chase 1 937). 

2�--------�----------�--------��--------� 
0 10 20 30 40 

time in dark (min) 

Figure 2. Diagram showing the recovery of threshold sensitivity - measured 
with violet light - after 2 minutes exposure to adapting fields of various inten
sities. (Redrawn from Hecht, Haig and Chase 1937). 

• A troland is defined as the (conventional) retinal illuminance, when a surface 
of luminance 1 candela per square metre is viewed through a pupil at the eye 
(natural or artificial) of area 1 square millimetre (Wyszecki and Stiles 1967). 
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Each group of 1 5  or 1 6  inmates was first exposed to this light for 
2 minutes, simultaneously with the 2 examiners and 2 teachers who 
had a normal dark adaptation. Therefore these 4 persons could act 
as a standard of comparison with the inmates of the orphanage. 

After 2 minutes bleaching the paraffin lamp was placed outside 
the examination room. The luminance of this room was now regula
ted by changing the width of the door opening. 

First each group of inmates was tested in this dimly lit room with 
just enough light to enable easy reading. After 5 minutes the room 
was made very dark by closing the door nearly completely; with this 
low luminance reading was no longer possible. Under both circum
stances the ability of the orphans to count fingers at a distance of 1 
metre was regularly compared with the performance of the 4 control 
persons. The inmates who failed in the dimly lit room already, were 
later on tested under the same conditions again, this time for a period 
of dark adaptation of 20 minutes (see III, 4) .  

The 4 control persons took care of detecting the fingers through 
the central bleached area of the retina during this experiment. 
Owing to the previous bleaching we were able to measure the cone 
and rod thresholds separately, after 5 c.q. 45 minutes dark adapta
tion. 

We repeated the dark adaptation tests mentioned above under similar condi
tions in the University Eye Clinic of Groningen, with the help of our Physicist 
Dr. A. J. Kooijman. These experiments on the examiner - who was one of the 4 
control persons in Garba Tula - confirmed that the cone and rod thresholds were 
really measured separately in the orphans in Garba Tula, after 5 cq. 45 minutes 
dark adaptation. 

As the whole procedure was very time-consuming, we have not had 
the opportunity to test other groups of night-blind children in the 
same way. Therefore all other night-blind individuals mentioned 
were examined by means of the simple dark adaptation test described 
above. 
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Figure 3. Diagram showing the easy transformation of a small pa
perclip into a useful eyelid retractor. 

Figure 4. Small and large size paperclip eyelid retractors compared 
with the retractors of Desmarres. 

Figure 5. The photograph shows that one assistant can keep the eye 
open and immobilize the childs head at the same time. The small 
battery torch giving lateral illumination of the eye reveals corneal 
and conjunctival abnormalities clearly. 
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Chapter I/. 4 

VITAL STAINING OF CORNEA AND CONJUNCTIVA 

Vital staining means staining of the living organism or parts of it. 

History 

Ehrlich introduced the concept of vital staining in 1 886. Fluorescein 
was first used for staining of corneal lesions by Straub ( 1 888) and 
Fromm and Groenouw ( 1 891 ). Rose bengal has probably been intro
duced for vital staining of the eye by Romer, Gebb and Lohlein 
( 1924 ). Marx ( 1924) has elaborately studied vital staining utilizing 
rose bengal and other dyes, particularly for the line of conjunctival 
epithelium immediately behind the ostia of the Meibomian glands 
(Marx' line). Sjogren described in his thesis in 1933 rose bengal 
staining in kerato-conjunctivitis sicca. Norn has performed a large 
series of elaborate studies on vital staining of the cornea and con
junctiva since 1 962. In a resume written in 1 972 he reviews his more 
than 35 papers on this subject. Norn introduced in 1 962 alcian blue, 
in 1 964 Sudan Ill containing eye drops and eye ointment, and in 
1 973 lissamine green, for vital staining of the eye. 

We will shortly discuss these 5 dyes which we used in our xeroph
thalmia investigation in Kenya and Indonesia (see figure 1 ) :  

1 .  Fluorescein 

Fluorescein is resorcinol phthalein. The water soluble sodium salt 
(C20H10Na205) is used for vital staining. 

The 1 Ofo dye solution has a yellowish-red colour and produces a 
diffuse greenish-yellow staining of the pre-ocular tear-film and the 
lacrimal river along the lid margin, which is best visible in cobalt
filtered light. This staining facilitates a proper judgement of the tear
film and of the tear-film-breaking-up-time (BUT). Fluorescein pene
trates through defects of the corneal and conjunctival epithelium into 
the intercellular fluid, thus staining the defect and surrounding zone. 
It gradually diffuses between the epithelial cells through Bowman's 
membrane into the corneal stroma and the endothelium and may 
finally stain the aqueous humour as well. 
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Figure I .  Formulae redrawn from Norn 1 974. 

Neither cells nor mucus are stained by fluorescein, it is the fluid 
surrounding the cells, which becomes coloured. Fluorescein does not 
stain normal corneal or conjunctival epithelium in children. It does 
not smart at all. 

2. Rose bengal 

Rose bengal is tetrachloro-tetraiodo-fluorescein sodium (C20 H2 Cl4 14 
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Na2 05). The watery dye solution is pink and stains degenerate cells, 
dead cells and mucus. It remains in the stained structure for some 
time (about 30 minutes), gradually disappearing. It does not diffuse 
further nor penetrates into the aqueous humour from a defect in the 
corneal epithelium. We have only used 10/o rose bengal as the 100/o 
solution frequently stains normal structures as well. Nevertheless it 
should be stressed that 1 °/o rose bengal may produce a few scattered 
red or yellow dots on the cornea and bulbar conjunctiva - particular
ly infero-nasally at the limbus - in normal eyes as well, especially in 
elderly individuals (see figure 2). In children with normal eyes, how
ever, this finding may be considered as an exception. The caruncle, 
semilunar fold and Marx' line frequently show a pronounced, red 
punctate staining by 1 °/o rose bengal. 

Contrary to the expections, the bulbar conjunctiva is not stained 
by 1 %  rose bengal in acute infectious conjunctivitis, in spite of the in
creased epithelial cell desquamation noticed in this disease (Norn 
1 972). In chronic conjunctivitis a few scattered staining dots may be 
present on the cornea and the bulbar conjunctiva. 

Contrary to 1 °/o fluorescein, 1 °/o rose bengal causes a short slight 
smarting on application in the conjunctival sac. 

Figure 2. Diagram showing the scarce micro-punctate rose bengal staining of the 
bulbar conjunctiva, which may occur in chronic conjunctivitis (Redrawn from 
Norn 1 974). 
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3. Alcian blue 

Alcian blue is a complex cyclic compound being a copper phthalocy
anin. This dye was first used by Steedman ( 1950) for histological 
staining of acid mucopolysaccharides. Norn found that a watery so
lution of 1 °/o alcian blue stained mucus only. The transparent mucous 
thread in the inferior fornix, which is hardly visible to the unaided 
eye, shows a dark blue colour after staining by 1 °/o alcian blue. The 
alcian blue stained mucous thread gives an excellent impression of 
the mucous-production of the conjunctival goblet cells (Norn 1 972) . 

It �hould be stressed that 1 0/o alcian blue may cause a pale but per
manent tattooing of the ground substance of the corneal stroma, if 
this dye is used in eyes with a deep epithelial defect involving Bow
man's membrane as well. This tattooing may persist for months. Thus 
the use of 1 °/o alcian blue is contra-indicated in such cases. 

Alcian blue does not smart at all. 

4.  Lissamine green 

Lissamine green'' is an acid synthetic organic dye (C27 H25 N2 Na07 
S2) which is used for colouring articles of food, stimulants and drugs. 
1 °/o Lissamine green has the same staining properties as 1 °/o rose 
bengal and stains degenerate cells, dead cells and mucus dark blue
green. It has, however, the following advantages over 1 °/o rose ben
gal : it causes no irritation at all, stains more intensely, is better visible 
on a brownish or reddish conjunctiva, is less water soluble and thus 
able to stain somewhat greasy structures as well (see 11 .5) .  

Therefore 1 Ofo lissamine green is to be preferred to 1 0/o rose bengal. 

5. Sudan Ill 

Vital staining of the eye by the fat soluble Sudan Ill is only possible 
by means of Sudan Ill containing eye drops or eye ointment*�. This 
form of staining is useful to study the fates of different lipoid 
vehicles of ocular medicines but also for the evaluation of the clinical 
picture of xerophthalmia (see 11 .  5) .  

If applied sterile, 1 0/o fluorescein, rose bengal and lissamine green 
may be used in all eyes, without any risk. 

�· Colour index no 44050. 
�· * 1% Sudan I l l  in arachis oil cq. unguentum simplex. 
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Chapter Il. 5 

VITAL STAINING IN XEROPHTHALMIA 

In spite of the fact that rose bengal has been used in ophthalmology 
since 1924 and Sjogren utilized this dye in the dry eyes of his patients 
who were suffering from kerato-conjunctivitis sicca, the use of vital 
staining by rose bengal and other dyes has not yet been evaluated in 
relation to xerophthalmia owing to vitamin A-deficiency. On the 
suggestion of Dr. S. Franken and Dr. ]. ten Doesschate we studied 
the usefulness of vital staining in xerophthalmia. 

Prognosis: 

We expected to find the following: 
1. In marked conjunctival xerosis (X-1A) there exists an increased 
desquamation of keratinized degenerate and dead epithelial cells. 
Compared to the clinical picture of kerato-conjunctivitis sicca -
which shows a pronounced punctate red staining of the exposed parts 
of the bulbar conjunctiva by 1 Ofo rose bengal - the picture of conjunc
tival xerosis would have to show similar aspects after staining by 1 °/o 
rose bengal. This picture would even be more striking after staining 
by 1 Ofo lissamine green. Probably slight degrees of conjunctival xero
sis or even ccpre-xerosis" would be visible after staining by 1 °/o rose 
bengal or lissamine green. 
2. The insufficient mucus-production as a result of the marked de
crease of conjunctival goblet cells - which is typical of xerophthalmia 
(Dohlman 1 972) - would have to appear from a thin - alcian blue 
stained - mucous thread in the inferior fornix or even the absence of 
this thread. 
3. The - fluorescein stained - pre-ocular tear-film would have to 
appear to be deficient and the tear-film-breaking-up-time (BUT) too 
short in case of conjunctival xerosis (X-1A). 
4. Corneal xerosis (X-2) would probably be better visible after stai
ning by 1 Ofo fluorescein, rose bengal or lissamine green. 
5. Corneal erosion (X-3A), corneal ulceration and kerato-malacia 
(X-3B) would most likely be intensely stainable by these dyes. 
6. The greasy or foamy Bitot's spots would probably be stainable by 
Sudan Ill. 
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Application technique 

For the application of the dye solutions we used a 10 1-tl Eppendorf 
pipette with sterilized disposable tips (see figure 1 ). For each child a 
new tip was used to avoid contamination. In this way 25 1-tl dye so
lution was sufficient to stain both eyes of one child. Thus the two 
eyes of about 200 children could be screened with only 5 ml dye so
lution. 

The drop of 10 1-tl is one-fifth of a conventional eye drop (see fi
gure 2) and just fits in the conjunctival sac (Ehlers 1 965). Spilling 
of the dye solution over the face resulting in staining of hands, clo
thes or bedding, does not occur. In addition the exactly equal amount 
of dye is important for the result of the staining which depends on 
the dye concentration. 

The application was never a problem. We used to stand behind the 
child, the right hand with the pipette resting on the child's head. If a 
child was afraid and kept its eyes firmly closed, we produced a slight 
eversion of the upper eyelid - by pushing up the lateral part of the 
eyebrow - and touched the inside rim of this lid gently with tht 
hanging drop which was then sucked into the conjunctival sac by 

Figure 1 .  A 10 ,ul Eppendorf pipette with disposable tips and a conventional 
eye-dropper. Note the dye drops produced. 

I 
0 • 



• • • • •  10 ,ul 

50 ,ul 

Figure 2. The conventional eye-drop i s  about 5 times too large for the capacity 
of the conjunctival sac. 

Figure 3. The application of the dye. A slight eversion of the upper eyelid is 
produced by pushing up the lateral part of the eyebrow. The inside rim of the 
upper lid is then gently touched with the hanging drop which is sucked into the 
conjunctival sac by capillary action. 
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capillary action (see figure 3) .  After some time the child opened its 
eyes spontaneously and the result was judged with the unaided eye at 
a distance of about 1 metre. 

Owing to this 10  .ul pipette with sterile disposable tips we have 
been able to perform vital staining in more than 10.000 individuals. 
The conventional eye dropper proved to be completely useless for 
screening of large groups of children, as it was very frequently 
touched by the children and thus rendered unsterile. The far too large 
drops were also very inconvenient and the results were unreliable. 

As mentioned in chapter II. 4, alcian blue is contra-indicated in 
case of damaged corneal epithelium involving Bowman's membrane. 
In such cases (X-3A/X-3B) we stained the thread - if present - from 
the inferior fornix on a glass slide, after removal with the aid of two 
toothpicks (see figure 4 ). Although this procedure was not very easy, 
it was possible to get a proper impression of the - lacking - mucus
production of the conjunctival goblet cells, without risking tattooing 
of the corneal stroma. 

Figure 4. Tmnsporlation of the mucous thread from the inferior conjunctival 
fornix to a gl ass slide with the aid of two toothpicks (Redrawn from Nom 1974. 
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Chapter ll. 6 

CONJUNCTIVAL AND CORNEAL SCRAPING$ 
CONJUNCTIVAL BIOPSIES 

1 .  Virologic examination of conjunctival and corneal scrapings m 

measles patients 

In order to find out if the corneal and conjunctival epithelium in 
measles kerato-conjunctivitis also showed giant cell formation owing 
to measles virus infection - like the epithelia of the respiratory and 
digestive tracts do in children with measles (Scheifele and Forbes 
1973)  - the following examinations were performed: 

With the aid of cotton swabs we took scrapings of the conjunc
tival and corneal epithelium from 10  healthy control children, 1 5  
well-nourished measles patients and 2 2  malnourished measles pa
tients. 

The scrapings from the right eye were smeared out on glass slides 
and directly fixated with 40/o acetone, whereas those from the left 
eye were suspended in 3 ml transport medium, containing 0,2°/o bo
vine serum albumin. The direct preparations and the suspensions 
were kept at 4 ° Centigrade and transported to the Virology Depart
ment of the Medical Research Centre in Nairobi within 4 days. In 
this laboratory fluorescence microscopy of the preparations was per
formed by Dr. D. Metselaar and Miss H. L. Ensering, after indirect 
conjugation with anti-measles serum (C 1056 and GAHu/IgG/ 
FITC'�). In addition suspensions from 10  measles patients were in
oculated on PBK'�'=· and VERO':-::- cell cultures. 

The results of the fluorescence microscopy of the suspensions of the 
scrapings and those of the cultures are dicussed in chapters Ill, 6 
and 8. The direct smears proved to be unsuitable for evaluation be
cause of background fluorescence. 

2. Conjunctival biopsies 

In order to evaluate our clinical observations we have taken conjunc
tival biopsies from 68 children (see Ill, 4-8 and IV, 1 and 2). 

* Goat Anti Human/Immuno globulin G/Fluoro-iso-thiocyanaat. 
** Primary culture of Baboon Kidney cells and continuous line of monkey kid

ney cells. 
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caruncle 

Diagram showing the relative topographic distribution of the goblet cells. Note 
the absence of goblet cells in the "Bitot's areas". (Redrawn from Kessing 1 968). 

Technique applied 

After local anaesthesia by instillation of a drop of 0,20fo oxybupro
cain and 1 Ofo tetracain, the eye was kept open with the aid of a "Co
libri" speculum. Using sterile "de Wecker's" scissors and a capsule 
forceps, a biopsy with a diameter of about 3 mm was taken just me
dial to the plica semilunaris. As the figure shows, this part of the 
bulbar conjunctiva is packed with mucus-producing goblet cells 
(Kessing 1 968). After the biopsy taking we applied 30fo terramycin 
eye ointment into the superior fornix, in order to prevent infection 
of the conjunctival lesion. 
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We could follow 37  of the 68 children and observed that in all 37 
cases the conjunctival defect healed completely within 2 to 3 days 
and did no longer show any staining by 1 0/o fluorescein, rose bengal 
or lissamine green. 

The biopsies were fixated immediately in 40fo formalin and later 
on embedded in paraffin wax and celloidin, sectioned and stained by 
Mr. B. Siekman in the Pathology Laboratory of the State University 
of Groningen. 

Staining methods 

The following staining methods were applied : 
1 .  hematoxylin-eosin (HE). 
2. periodic acid-Schiff (PAS). 
3. PAS in combination with alcian blue (AB), for staining of the 

goblet cells. 
4. Bloch's stain for melanine pigment. 
5. Perl's stain for iron pigment. 

Our examination of the preparations was evaluated by the Ophthal
mic Pathologist Dr. P. C. Donders. The results are discussed in the 
chapters Ill, 4-8 and IV, 1 and 2. 

Chapter 11. 7 

PHYSICAL EXAMINATION AND BLOOD SAMPLES 

1 .  Physical examination 

We performed a complete physical examination including anthropo
metric measurements in 85 malnourished hospitalized Kenyan chil
dren (see form 1) .  The assessment of the nutritional status - kwashi
orkor, marasmus or marasmic kwashiorkor - was based on the cri
teria of Oomen ( 1961) ,  Jelliffe (1966), Me Laren ( 1972) and Water
low (1972). For the determination of the degree of protein-calorie 
malnutrition we used the general anthropometric standards of refe
rence'=· of J elliffe ( 1966) : degree I less than 800/o, degree II less than 
700/o, and degree Ill less than 600/o of the standard weight for age. 
The results of this physical examination are discussed in chapters Ill, 
7 and 8. 

* derived from the Harvard Standards - Stuart & Stevenson (1959). 
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FORM 1.  

USED FOR 85 MALNOURISHED HOSPITALIZED KENYAN CHILDREN 

hospital: 

name: 

sex: 

date of admission: 

file number: 

tribe: 

age (months/years*): 

date: 

village: 

indication for admission: 

duration of disease before admission: 

main diagnosis and other diagnoses on admission: 

general appearance: 

cough: 

pitting oedema: 

changes of hair: 

muscle wasting: 

enlarged parotis: 

(purulent) rhinitis: 

rectal temperature (°Centigrade): 

diarrhoea: vomiting: 

dehydration: anaemia: 

lashes: skin: 

wasting of subcutaneous fat: 

enlarged lymphglands: 

otitis media/externa: 

stomatitslglossitis/gingivitis: 

(laryngo-)tracheo-bronchitis: 

pharyngo-tonsillitis: 

(broncho)-pneumonia: 

peristalsis: distended abdomen: 

enlarged liver: 

other abnormalities: 

weight (kg): 

head circumference (mm): 

chest circumference (cm): 

subscapular skin-fold (mm): 

weight of mother (kg): 

enlarged spleen: 

length (cm): 

arm circumference (mm): 

triceps skin-fold (mm): 

length of mother (cm): 

In all other instances the nutritional status of the children was judged 
by their general appearance and the presence of signs suggestive of 
protein-calorie malnutrition: pitting oedema, dyspigmentation and 
easy pluckability of thin sparse straight hair, muscle wasting and 
wasting of subcutaneous fat, diffuse depigmentation of the skin, fla
ky-paint dermatosis, xeroderma, follicular hyperkeratosis, moon
face, hepatomegaly, anaemia, psychomotor changes, associated con
ditioning infections, associated vitamin deficiences and growth retar
dation. 

"' according to dentition (Vuylsteke 1966). 
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2. Blood samples 

We have taken samples of about 0,6 cc "finger prick" blood from 98 
malnourished Kenyan children suffering from xerophthalmia, in or
der to evaluate the clinical picture in these cases. This blood was col
lected in heparinized capillary glass tubes - 1 6  per child - and it was 
used for determination of hemoglobin, haematocrit, total protein, 
protein spectrum, retinol, {J carotene, retinol-binding protein and 
cholesterol. Unfortunately the capillaries of 1 3  children were broken 
during transportation. In some instances the amount of serum was in
sufficient to perform all determinations. Hemoglobin and haemato
crit were determined in 98 cases, total protein and protein spectrum 
in 85 cases, retinol in 66 cases, {J carotene in 83 cases, retinol-binding 
protein in 84 cases and cholesterol in 1 9  cases. The results of these 
determinations are tabulated in chapters Ill, 5, 7 and 8 .  

Techniques applied and normal values 

1 .  Hemoglobin (Hb) 

In 85 cases (see Ill, 7 and 8) the concentration of hemoglobin was 
determined by the cyanmethemoglobin method. In the other 1 3  cases 
(see Ill, 5) this was done by means of the hemometer of Sahli. 

The normal mean P:b for children between 5 months and 14 years 
old varies from 1.? J 1 4  grams per 100 cc. blood (Davidson and 
Henry':· 1 974). 

2. Haematocrit (PCV) 

We determined the haematocrit (packed cells volume) with the aid 
of a "Hawksley" microhaematocrit centrifuge and ditto scale. After 
a spinning time of 5 minutes, the mean value of 8 capillary tubes 
from each patient was taken as the haematocrit. 

The normal mean PCV for children between 5 months and 1 4  
years old varies from 3 5  to 4 0  cc. per 100 cc. blood (Davidson and 
Henry 1974) .  

* Davidson I .  and J .  B .  Henry, Clinical Diagnosis b y  Laboratory Methods. 
Todd-Sanford 15th Ed. (1974) 105. W. B. Saunders Company Philadelphia
London-Toronto. 
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Immediately after the determination of the haematocrit, the serum containing 
parts of the capillaries were sawed off, sealed by "scale ease" wax, wrapped in 
aluminium folium and put in the freeze box of a refrigerator. A few days later 
the samples were transported - in "Dewar" containers with ice - to the Bioche
mical Laboratory of the University Clinic for Internal Medicine in Gronin
gen, within 2 days. The samples were kept in the deep-freeze at a temperature 
of minus 20° Centigrade. Later on the following procedures were applied: 

3. Total protein 

These analyses were performed in duplicate according to Lowry and associates 
(J. of Bioi. Chem. 193 (1951) 265). The sample requirement was 2 microliters. 

Normal values established in this laboratory for adults vary from 
60 to 78 grams per litre. 

4. Protein spectrum 

The serum proteins separation by electrophoresis was performed with Titan Ill 
"Zip Zone" cellulose acetate plates* according to the criteria given by the manu
facturers. Localization of the protein fractions was achieved by Ponceau-S stai
ning, and quantification by densitometry at 525 nm. The sample requirement for 
the well of the sample plate was 5 microliters while the sample applicator ap
plied 0,3 microliter of the sample. All analyses were performed in duplicate. 

Normal values established in this laboratory for adults are: 
albumin 32-50 grams per litre 
alpha1-globulin 2-8 grams per litre 
alpha2-globulin 5-9 grams per litre 
beta-globulin 6-1 1 grams per litre 
gamma-globulin 7-1 5  grams per litre 
the albumin/globulin ratio varies from 1 .1 6  to 1 .68 

5 .  Retinol (vitamin A-alcohol) 

High-resolution analysis of vitamin A-alcohol by liquid column chromatography. 
The instrument used was a Varian LC 8500**. 

Vitamin A-esters were saponified in cthanolic KOH prior to extraction with 
hexane. After evaporation of the hexane by a stream of nitrogen, the residue was 
dissolved in isopropanol. A known fraction of the isopropanol was then injected 
into the analysis system. The individual components were monitored by spectro-
photometry at 325 nm. 

· 

* Helena Laboratories, Beaumont, Texas, USA. 
** Varian Techtron Pty, Melbourne, Australia. 
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Standardization: 
Five different secondary standards were used as calibration sera. These were 

obtained by complete destruction of the retinol and retinyl esters in a serum pool 
by ultra-violet light, prior to the addition of increasing quantities of a vitamin 
A-alcohol stock standard solution to aliquots of this serum pool, resulting in 
secondary standard solutions varying in concentration from 5 ot 80 micrograms 
per 100 ml. These secondary standards were then processed identical to the un
knowns. The sample requirement was 100 microliters. All determinations were 
performed in duplicate. 

Normal values for adults given by the Biochemical Laboratory of 
the Central Institute for Nutrition and Food Research, Zeist, the 
Netherlands, are 23 to 63 micrograms per 100 ml serum. With this 
analysis technique the following retinol serum levels were found in 
12  healthy Dutch children between 2 and 15 years old: 27,2 - 27,6 -
28,4 - 29,0 - 30,2 - 32,0 - 32,6 - 34,0 - 48,0 - 55,2 - 57,6pg0fo. 

Using the same analysis technique, the laboratory in Groningen and that in 
Zeist found nearly identical retinol levels in 10 control sera. 

6. fJ carotene 

High-resolution analysis of f1 carotene by liquid column chromatography. The 
instrument used was a Varian LC 8500. 

{J carotene was analyzed by extraction with petroleum ether following depro
teinization by ethanol. A known fraction of the petroleum ether layer was injec
ted into the analysis system. 

Standardization: 
Secondary standards were obtained by the addition of increasing quantities of 

fi carotene to a serum pool and these loaded samples processed identical to the 
unknowns. The peak height of the unloaded serum pool was subtracted from 
those of the secondary standards and the differences plotted in a calibration 
graph. The sample requirement was 50 microliters. All determinations were per
formed in duplicate. 

With this analysis technique the following fJ carotene serum levels 
were found in 1 4  healthy Dutch children between 2 and 1 5  years old : 
43,9 - 46,0 - 57,2 - 64,5 - 70,5 - 71 ,4 - 74,0 - 83,4 - 85,1 - 86,9 -
88 ,6 - 90,0 - 120,4 - 1 32,0,ug0fo. 

7. Cholesterol 

In 19 cases there was enough serum to perform a cholesterol determination by 
the direct Liebermann-Burchard method. This is a modification of the method 
described by Levine and coworkers (Technicon Symposium, Oct. 2, 1967, New 
York, USA). 
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Standardization: 
Three different secondary standards, with accepted values for which the cho

lesterol concentrations were assayed manually by the Abell method were used as 
calibration sera. (Abell and coworkers, J. Bioi. chem. 195 (1952) 357). The sam
ple requirement for a single determination was 100 microliters. 

Normal values are sex and age dependent (Davidson and Henry 
1974). 

The determinations of total protein, protein spectrum, retinol, fJ carotene and 
cholesterol were performed and evaluated by Dr. E. Kwarts and Mrs. J. C. M. 
Rutgers. 

8. Retinol-binding protein (RBP) 

The determinations of retinol-binding protein were performed and evaluated b y  
Dr. J.  Marrink and Miss. R. Sinnema in the Research Laboratory o f  the Univer
sity Clinic for Internal Diseases in Groningen. The method used was the quanti
tative electro-immuno-diffusion ("Rocket-electrophoresis") according to the prin
ciple of Laurell (Analytical Biochemistry 15 (1966) 45). 

Standardization: 
A serum pool from 200 healthy adults was used as standard series (100% 

RBP). This serum pool was - 14 times - compared with the Standard Human 
Serum Behringwerke no 974, which contains 64 ftg RBP per ml (i.e. 83,8% of 
the serum pool). This means that the serum pool contained 76,3 ftg RBP per ml. 
The RBP serum levels of 56 healthy Dutch children and the RBP serum levels 
of the 84 Kenyan xerophthalmia patients were compared with the RBP level of 
the serum pool. The sample requirement was 2 microliters. All determinations 
were performed in duplicate. 

The normal values found in 56 healthy Dutch children between 2 
and 1 5  years old are shown in the figure in chapter !I. 8. The mean 
value is 53,2°/o of the RBP level of the serum pool, i.e. 40,6pg0/o. 

This is in accordance with the findings of Vahlquist, Rask, Petersoil and Berg 
(1975): "between the ages of 2 and 10 years, the serum level of RBP is kept fair
ly constant at a mean of about 26 ,ug/ml, i.e approximately 60 percent of the 
adult lever·. They mean the adult level stated in the literature. 

We had no opportunity to collect blood from healthy Kenyan chil
dren for control purposes. 

All Kenyan blood samples were collected before any meal was 
taken. 
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Ill. FINDINGS IN KENYA 

Chapter Ill. 1 

THE PUPILS OF THE "ST. CHRISTOPHER'S SCHOOL" 
IN NAIROBI 

We visited the St. Christopher's School at the Ngong Road in the 
south-western part of Nairobi on 27 June 1 974. In this residential 
quarter live only well-to-do people. 

In total we examined 96 Kenyan pupils, aged between 4 and 8 
years. 

All children looked completely healthy and well-nourished. It is 
very likely that they had always been in optimal condition, as ac
cording to the nuns of this school their parents provided them am
ply with good and varied food. It is very unlikely that they had 
suffered from chronic conjunctivitis or trachoma or had been ex
posed to much dust or smoke in the past. 

All pupils had good visual acuity in daylight without spectacles. 
None of the 96 pupils said that they had difficulty in seeing in 

dim light. We could not establish night-blindness in any of them. 
All had bright corneas which were not stainable by 1°/o fluores

cein or 1 Ofo rose bengal (see photo 1 ) .  
All had normal bright transparent unpigmented conjunctivae 

without thickening or wrinkling or Bitot's spots. Nobody had 
trachoma scars in the tarsal conjunctiva of the upper eyelid or 
Herbert's pits in the upper part of the limbus. No one suffered 
from conjunctivitis. We did not see any pericorneal pigment-ring. 

The pre-ocular tear-film was normal in all children. The tear-film
breaking-up-time (BUT) was more than 10 seconds with 10 conse
cutive measurings per child. 

All showed a normal mucous thread in the inferior fornix, which 
was nicely stained by 1'0fo alcian blue. 

The 111/o rose bengal test was negative in all cases. 

Conclusion: 

We did not find any ocular abnormalities in 96 Kenyan pupils 
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in a school for the affluent in Nairobi. Hence they form a suitable 
standard group for comparison with children under less prosperous 
conditions elsewhere. 

Especially with respect to the complete absence of fine granular 
pigmentation of the bulbar conjunctiva, this group of 96 pupils 
provides an important basis for further discussion of this issue. 

Chapter Ill. 2 

THE ORPHANS IN THE "S.O.S. CHILDREN'S VILLAGE" 
IN NAIROBI 

This home for orphans and semi-orphans at the Outer Ring Road 
in Nairobi had been in use since the end of 1 973. It consisted of 8 
houses, each with 2 foster-mothers who looked conscientiously 
after 4 to 8 children. These children had been referred to this 
orphanage by Mother-and-Child-Welfare-Clinics in Nairobi, less 
than 6 months before our visit. According to the staff their con
dition was reasonable on admission. 

The diet was very varied and well balanced. The children recei
ved whole milk, fruit and green vegetables every day. They fre
quently had eggs, fish and meat. 

There was a pleasant spacious recreation-ground between the 
houses and in every house many playthings were available. 

At the time of our visit on 10 May 197 4 there were 27 boys and 23 
girls between 6 months and 7 years old. All children looked healthy, 
well-nourished and well-cared for. All showed glossy black curly 
hair and a fine dark-brown gleaming skin. 

According to the staff none of the older children had difficulty 
in seeing in dim light. We could not establish night-blindness in any 
of the orphans. 

All children had bright corneas which were not stainable by 1 Ofo 
fluorescein or 1 °/o rose bengal. 

All had normal conjunctivae without Bitot's spots. The bulbar 
conjunctiva was transparent and not thickened or wrinkled. No
body had conjunctivitis or signs of trachoma. The 1% rose bengal 
test was negative in all cases. 
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The pre-ocular tear-film was normal in all children. The tear-film
breaking-up-rim� (BUT) was more than 10 seconds with 10 conse
cutive measurings per child. 

All children showed a normal mucous thread in the inferior 
fornix, which was nicely stained by 1 Ofo alcian blue. 

Only 6 of the 50 inmates had unpigmented conjunctivae. These 
6 were younger than 1 year and had been admitted 5 months before. 

The other 44 children showed a slight, fine granular, smoky pig
mentation of the bulbar conjunctiva : 40 grade J1 and 4 grade IP 
(see Ill, 4). The last 4 children were older than 5 years. 

On the basis of their history as related to the foster-mothers 
and the staff of this orphanage, we considered it unlikely that these 
children had suffered from serious malnutrition. Probably their 
diet had been rather poor, however, before they were referred 
to this home. If they have had signs or symptoms of xerophthalmia 
in the beginning, these must have been erased some months before 
because of the excellent food in this well-managed orphanage. 

Conclusion: 

None of the 50 healthy weU-nourished orphans in the "S.O.S. 
Children's Village" in Nairobi showed signs or symptoms of xeroph
thalmia. Therefore these orphans can serve as a standard of com
parison with the orphans in Garba Tula, who evidently lived on a 
(vitamin A) deficient diet at the time of our examination (see Ill, 
4). 

Chapter Ill. 3 

THE ORPHANS IN MERTI 

Merti is a small village with about 450 inhabitants. It is situated 
along the Ewaso Ng'iro river, about 200 km north-east of Mount 
Kenya at the foot of the lava Merti Plateau, in a hot dry area in the 
Isiolo District (semi-desert). 

The mean annual air-temperature varies here between 22° and 
34° Centigrade but the maximum day temperature rises often over 
40° Centigrade. The mean annual rainfall is about 350 mm. 
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In this village the National Christian Council of Kenya (NCCK) 
ran a so-called "Soupkitchen" for the Boran, the only tribe living 
here. 120 children - orphans and semi-orphans - and 65 homeless 
adults were provided here once a day with soup of whole white 
maize boiled in water. Every other day these people also received 
thick soup made of dried green vegetables like leek, pulse and spi
nach boiled in water. Except for some yellow and orange berries 
- rich in vitamin C and vitamin A-precursors - found in the semi
desert, this was their only food. Eggs, milk, fish or meat were never 
available for these homeless people. Under normal circumstances 
the traditional Boran diet consists mainly of milk (often mixed with 
blood) and meat. 

On 1 and 2 J une 1 974 we examined here 69 boys and 5 1  girls who 
were between 1 and 12 years old. All looked healthy and seemed 
in a reasonable nutritional condition. All had glossy black hair and 
a fine black skin. Nobody seemed anaemic, no one had a distended 
abdomen. 

None of the children said that they had difficulty in seeing in 
dim light. We could not esta'blish night.Jblindness in any of them. 

All had bright corneas which were not stainable by 1 Ofo fluorescein 
or 1 °/o rose bengal. 

The bulbar conjunctiva was transparent in all children and not 
thickened or wrinkled. Nobody showed Bitot's spots. The 1 Ofo rose 
bengal test was negative in all cases. 

21 children had trachoma scars in the tarsal conjunctiva of the 
upper eyelid and Herbert's pits in the upper part of the limbus. 8 
children suffered from a purulent conjunctivitis, possibly associated 
with active trachoma. Except for these 8, we did not find cases of 
active trachoma among the children fed in this "Soupkitchen". 

The pre-ocular tear-film was normal in all cases. The tear-film
breaking-up-time (BUT) was more than 10 seconds with 10 con
secutive measurings per child. 

All children showed a normal mucous thread in the inferior for
nix, which was nicely stained by 1 Ofo alcian blue, except the 8 chil
dren with purulent conjunctivitis. In these cases the thread in the 
inferior fornix was stained all over by 1 °/o rose bengal, whereas only 
a few small spots were stained by 1 °/o alcian blue. In these 8 children 
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this thread consisted apparently mainly of pus-cells and only a small 
amount of mucus. 
43 of the 120 children had unpigmented conjunctivae; they were 
all younger than 2 years. 

77 children showed smoky pigmentation of the bulbar conjunc
tiva : 53 grade J2, 19 grade II2-3 and 5 grade IIJ3 (see Ill, 4). 10 of 
the 24 children with smoky pigmentation grade II2-3 or IIJ3 showed 
unpigmented patches amidst the smoky conjunctiva. All 10 were 
older than 9 years. 7 of these 10 presented unpigmented patches 
on both sides of the cornea, where the Bitot's spots are usually situ
ated. 3 of these 7 also showed an unpigmented spot inferior to the 
cornea. In 5 children the unpigmented area lateral to the cornea 
had the same triangular shape similar to that of many Bitot's spots. 

Discussion: 

1 .  Up to 1 973 the children fed in the "Soupkitchen" of Merti re
ceived only soup of whole white maize boiled in water. Ac
cording to the District Medical Officer and the NCCK staff of 
the "Soupkitchen", night-blindness and Bitot's spots were fre
quently observed in these homeless children before the impro
vement of the diet in 1 973. 

2. The addition of thick soup of dried green vegetables every other 
day since 1 973 had apparently somewhat improved the nutri
tional status of the children, as nobody had signs or symptoms 
of xerophthalmia at the time of our investigation. The present, 
still meagre diet seemed to be iust sufficient to prevent signs of 
xerophthalmia in these children as long as they were not serious
ly ill. In that case severe corneal damage could still develop, 
especially when they were recovering from measles, according 
to the District Medical Officer and the NCCK staff. Probably 
the improved diet did not allow for a reasonable quantity of 
retinol to be stored in the liver, as many of these children could 
not cope with the increased demand for retinol during illness. 

Considering their meagre diet - which contained only relatively 
small amounts of vitamin A-precursors - it seems likely that the 
120 children fed in the "Soupkitchen" of Merti were still at risk 
of developing xerophthalmia, in case they were struck by diseases 
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like measles, chicken-pox, tuberculosis, chronic gastro-enteritis and 
other health-hazards frequently seen in an area and situation like 
this one. 
In 62 of the 65 adults examined - 13 males and 52 females - we found no ab
normalities of their eyes except a few scars of the tarsal conjunctiva due to 
trachoma. The majority of these 62 adults showed a slight smoky pigmentation 
of the bulbar conjunctiva (grade 11 and Ill). 

We found 3 adults with scars which were most likely the result of xeroph
thalmia: 

A man, about 35 years old, presented an adherent leucoma in the right eye 
and a corneal macula in the left eye, "owing to long-lasting diarrhoea, at the 
age of 5 years". 

A woman, about 20 years old, showed a phthisis bulbi on the right side and 
a corneal nebula on the left side. She blamed measles as the cause, at the age 
of 3 years. 

A woman, about 35 years old, had a corneal macula in the right eye and 
an adherent leucoma in the left eye, "owing to chicken-pox, at the age of 7 
years". 

These 3 people showed a distinct smoky pigmentation (grade HP and IV3) 
and also a dark-brown patchy pigmentation of the conjunctiva. 

Chapter Ill. 4 

XEROPHTHALMIA IN THE ORPHANAGE OF GARBA 
TULA 

The village of Garba Tula - about 1 .000 inhabitants - is situated in 
a sort of oasis on either side of the Garba Tula river in the Isiolo 
District, about 1 50 km north-east of Mount Kenya. The mean an
nual air-temperature in this hot and dry area varies between 22° 
and 34° Centigrade. The maximum day-temperature, however, 
often rises over 40°. The mean annual rainfall is about 450 mm. 
This semi-desert area is only able to feed people that lead a nomadic 
life with their flock. 

Along the shores of the Garba Tula and of the neighbouring 
Galana Gof river and their confluents, the mosquito Anopheles 
gambiae causes a malaria epidemic in May-June and November
December. 

The two tribes living in this area are the Boran and Ogaden So
mali. Under normal circumstances their diet consists mainly of 
milk - often mixed with blood - of cows, camels, goats and sheep, 
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and meat. In addition they eat orange berries found in the semi
desert, which are rich in vitamin C and carotene. As a cereal they 
use white maize flour. 

I was told by original inhabitants and the staff of the orphanage 
in Garba Tula, that in the sixties the stock of cattle in the eastern 
part of the Isiolo District had been decimated as a consequence of 
the long-lasting drought. This led to the Boran and Ogaden stealing 
each other's cattle and to frequent heavy fighting. Many were killed 
in this so-called "Shifta war" betweJen 1 963 and 1969. Other people 
died of hunger and diseases, especially tuberculosis, or accidents 
such as drowning in a river, and bites of snakes and crocodiles. 
Some abandoned their children after the death of their partner, 
because they could not feed them any longer. 

Following on these events many groups of dozens of orphans and 
semi-orphans wandered around in the eastern part of the Isiolo 
District. The "Soupkitchens" of the National Christian Council of 
Kenya (NCCK) in Garba Tula, Mado Gashi and Merti, provided 
them only once a day with soup made of whole white maize boiled 
in water. After some of these wandering children had fallen victim 
tO hyenas, the NCCK decided to build a safe shelter for them in 
Garba Tula. This home was completed early in 1 970. 

Most chillren were admitted to this orphanage during 1970 and 
1971 .  Many of them were seriously ill and malnourished on admis
sion, as appeared from the data in their files and the information 
given by the NCCK staff. Their weight was 20°/o to 300/o too low 
for their age (Cf. J elliffe 1966 ). Of the 77 inmates 70 were Boran, 
4 Meru, 2 Turkana and one Samburu. There were no Ogaden in 
this home. 6 children were members of two families. 

At the time of our visit the diet in this institution consisted 
mainly of "posho", a porridge made of white maize flour with wa
ter. The dish regularly contained brown beans. Sometimes there 
was tea with sugar, milk made of skimmed milk-powder, rice and 
soup of dried green vegetables such as leek, pulse and spinach boiled 
in water. Fruit, eggs, fish or meat were never available for the ma
jority of the inmates. Only the youngest ones sometimes received 
an egg - which cost here K Sh 40 cents - if they were very weak. 
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General findings: 

We examined the 77 inmates of this orphanage - 48 boys and 29 
girls, between 5 and 1 9  years old - on 6, 7 and 8 May 1 974 and 
again on 30 and 3 1  May 1974. 

Most of the children looked anaemic, especially the older girls. 
These anaemic girls showed a light-brown forehead and light-brown cheeks, 

whereas the rest of their skin was very dark-brown to black. Their conjunctivae, 
palate and tongue were very pale and the palms of their hands and soles of 
their feet were greyish-white instead of light-brown. The staff of the neighbou
ring Health Centre told us that malaria was an important cause of anaemia in 
this area. 

3 boys and one girl, aged between 7 and 9 years, showed an extensive, bluish
black patchy pigmentation of their cheecks, tongue and palate. These spots in the 
oral cavity have probably no significance in dark skinned races (Jelliffe 1 973). 

Many of the younger children had a dry depigmented skin, 
brown dull easily pluckable lax uncurled hair and a distended ab
domen. They stated that they regularly passed ascaris worms. Most 
of the older children, however, seemed to be in a reasonable nutri
tional state. 

Ocular findings: 

In our first examination on 6, 7 and 8 May 1 974, all inmates were 
found having good visual acuity in daylight, without spectacles. 

25 of the 77 children, between 7 and 1 7  years old, however, ap
peared to be night-blind (see table 1) .  They said that they were 
aware of this and admitted that this condition had existed already 
for months, in 7 cases even for years. None of the 5 and 6 year old 
orphans - who occasionally received an egg - was night-blind. 

All 77 inmates showed bright corneae which were not stainable 
by 111/o fluorescein or 1 Ofo rose bengal. About 70°/o had trachoma 
scars in the tarsal conjunctiva and Herbert's pits in the upper lim
bus. Nobody, however, suffered from active trachoma or conjuncti
vitis. 

All inmates had clear ocular media. 
We did not find any abnormalities in the ocular fundi of these 

77 children, using indirect and direct ophthalmoscopy in mydriasis. 
There were no signs of fundus xerophthalmicus (Cf. Teng 1 964) ta
peto-retinal degeneration, pigment-shifting or other anomalies in 
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fundo. The optic disc and macula had a normal appearance like the 
brightly reflecting, darkly pigmented retina and the retinal vessels. 

We found the following abnormalities (see table 1 ) :  

Group I. 

9 inmates - 8 boys between 7 and 17 years old and one girl of 1 1  
years old were only night-blind : X-N. 

All 9 had a normal pre-ocular tear-film, a normal tear-film
breaking-up-time (BUT) and a normal mucous thread in the inferior 
fornix (see II. 3). Nobody showed conjunctival xerosis on slit-lamp 
examination nor Bitot's spots. The 1 °/o rose bengal test was negative 
in all 9 cases (see II. 5). 

Group //. 

7 inmates - 5 boys between 1 1  and 16 years old and 2 girls of 10  
years old were night-blind and showed a slight conjunctival xerosis 
but no Bitot's spots : X-N + X-lA. 3 had also difficulty in seeing 
in a somewhat dimly lit room during daytime. 

The conjunctival xerosis was only visible to the unaided eye after 
3 or 4 consecutive measurings of the BUT (see further on). The 
pre-ocular tear-film seemed to be normal but the BUT was shorter 
than 10 seconds after 3 or 4 successive measurements per child (see 
II. 3). The thread in the inferior fornix consisted mainly of desqua
mated epithelial cells (see further on). The 1°/o rose bengal test was 
positive in all 7 inmates (grade I, see further on). 

Group Ill. 

7 inmates - 6 boys between 9 and 12  years old and one girl of 9 
years old were night-blind and showed conjunctival xerosis with 
Bitot's spots : X-N + X-1A + X-lB. AH 7 had also difficulty in 
seeing in a somewhat dimly lit room during daytime. 

The pre-corneal tear-film seemed to be normal but the BUT was 
shorter than 10 seconds after 2 or 3 consecutive measurings. The 
thread in the inferior fornix consisted mainly of desquamated epi
thelial cells. The 1° I o rose bengal test was positive in all 7 cases (gra
de I). The Bitot's spots were most marked in the temporal con
junctiva and surrounded by a rose bengal positive zone. 

54 



Group IV. 

2 boys of 7 and 12  years old were night-blind and had Bitot's spots 
but no signs of conjunctival xerosis, on slit-lamp examination : X-N 
+ B. 

The pre-corneal tear-film was normal as well as the BUT and the 
mucous thread in the inferior fornix. The 1 °/o rose bengal test was 
negative in these 2 cases. 

Group V. 

2 girls of 1 0  and 1 6  years old had Bitot's spots without night-blind
ness or conjunctival xerosis on slit-lamp examination:  B. 

The pre-corneal tear-film was normal as well as the BUT and the 
mucous thread in the inferior fornix. The 1 Ofo rose bengal test was 
negative in these 2 cases. These girls said that they had had difficulty 
in seeing in dim light for a long period, until about 2 years before 
our visit. 

table I .  Xerophthalmia in the orphanage of Garba Tula . 

............ �.
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·�-

i��� . . . .. .. . . . ......... . . .... . ............. ..... ... .. ...... .... . .  �.Y.{ . . ... . .  ��t . . .... �!?� ... .. .  l . . . 5. -.. t!.!�.��.� .......... . 
] .  night-blind only, normal BUT, 

rose bengal test negative. 

l L  night-blind, abnormal BUT, 
conjunctival xerosis, 
rose bengal test positive. 

I lL night-blind, abnormal BUT, 
conjunctival xerosis, Bitot's spots, 
rose bengal test positive. 

JV. night-blind, normal BUT, 
Bitot's spots, 
rose bengal test negative. 

I-IV. Xerophthalmia 

V. Bitot's spots - unresponsive to 
vitamin A therapy - normal BUT, 
rose bengal test negative. 

X-N 8 9 7 - 1 7  years 

X-N 
X-lA 

1 1  - 16 years 5 2 7 

X-N 
X-lA 6 7 9 - 12 years 
X-IB 

X-N 
B 2 2 7 years, 12 years 

2 1  4 25 

B 2 2 1 0  years, 1 6  years 

All 27 children of groups I to V had a fine granular, smoky pig
mentation of the bulbar conjunctiva (see further on). 

55 



As the diet contained very little vitamin A-precursors anyhow, 
we gave a single dose of 300.000 IU vitamin A palmitate in oil by 
mouth to all 77 inmates. Purposely we did not set out to improve 
their present diet for the time being or to treat them with medicine 
for anaemia, ascariasis or other ailments. The staff of the orphanage 
assured us that they would keep everything unchanged. 

On 30 and 3 1  May 197 4 - 22 days after the massive dose of vitamin 
A - we examined all 77 inmates a second time. This time we found 
the following: 
1 .  Nobody in groups I, II, Ill and IV was night-blind. 
2. Nobody in groups II and Ill showed conjunctival xerosis. This 

time the l0/o rose bengal test was negative in all 14 cases. 
3. The Bitot's spots in the 7 children of group Ill - which were sur

rounded by a rose bengal positive zone at our first visit - had 
disappeared completely. 

4. The Bitot's spots in the 4 children of groups IV and V - which 
were not surrounded by a rose bengal positive zone at our first 
visit - looked exactly the same as they did before the vitamin A 
administration. 

None of the 77 inmates had suffered from side-effects due to the 
large single dose of vitamin A given. 

As all external ocular abnormalities were recorded photographi
cally during the first and second visit, the comparison was easy and 
can be verified by reviewing the colour slides. 

Discussion: 

1 .  Night-blindness 

As mentioned in chapter II. 3, all 77 inmates were tested in groups 
of 1 5  persons in a dimly lit c.q. very dark room. All children were 
first exposed to a strong source of light for 2 minutes (approxima
tely 2 x 105 trolands, 7,5 degree subtense). This high initial adapting 
luminance rules out the measurement of the dark adaptation of the 
rods for at least 1 0  minutes, as the cones in the bleached area have 
a lower threshold than the rods during that period (Hecht, Haig and 
Chase, 1937). The 2 examiners':· and 2 teachers with a normal dark 

• J. J .  M. and A. J. M. Sauter. 
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adaptation were tested the same way, simultaneously with each 
group of 1 5  children. Therefore these 4 persons could act as a stan
dard of comparison with the inmates of the orphanage. 

In our first examination on 7 and 8 May 197 4, we found the fol
lowing: 
a. 25 of the 77 inmates said that they could never play on the sly 
with the other inmates in the dormitory at night, because of poor 
sight. 

Testing these children we found that none of them was able to 
count fingers at a distance of 1 metre in a very dark room, even 
after 45 minutes of dark-adaptation. The four control-persons and 
the remaining 52 children could easily perform this after approxi
mately 1 5  minutes. This means that the rod-system of these 25 chil
dren was unable to record a stimulus of low luminance, even after 
a protracted period of dark-adaptation. Their scotopic vision was 
therefore disturbed. 
b. 10 of the 25 children mentioned above stated moreover that 
they found it difficult to find their way in the orphanage during 
daytime, especially when there was bright sunshine. The other 67 
inmates - including the 1 5  night-blind children mentioned above -
said that they had no difficulty under such circumstances. 

Testing these 1 0  children we found that they were not able to 
count fingers at a distance of 1 metre in a dimly lit room, before 1 5  
to 2 0  minutes of dark-adaptation had elapsed. The 4 control-persons 
and the other 67 inmates could easily perform this after 2 minutes. 
We are quite sure that the four control-persons detected the fingers 
through the central area of the retina that was bleached. Our ten 
children needed - instead of 2 minutes - more than 1 5  minutes to 
perform this test. We may conclude that in t'hese 10 inmates not 
only the rod-adaption hut the cone-adaptation as well was conside
rably affected. Their photopic vision was therefore also disturbed 
(Cf. Hume and Krebs, 1 949). 

In our second examination - 22 days after the massive dose of vita
min A - we tested all inmates again, simultaneously with the 4 con
trol-persons, the same way as before. This time we found the follo
wmg: 
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a. All 25 - previously night-blind - children had roughly the same 
dark-adaptation as the 4 control-persons. In the very dark room 
they were now able to count fingers at a distance of 1 metre, after 
about 1 5  minutes of dark-adaptation. 

All 25 were able to play secretly with the other inmates in the 
dormitory at night. This means that the capacity of their rod-system 
to record a stimulus of low luminance had obviously improved a 
great deal owing to vitamin A therapy. 
b. The 10 children mentioned above were now able to count fingers 
at a distance of 1 metre in the dimly lit room, after 2 minutes of 
dark-adaptation. They stated that they had no longer difficulty in 
finding their way, when they entered a somewhat dimly lit building 
during the day. This means that the capacity of their cone-system 
to record a stimulus of lower luminace had apparently improved 
considerably due to vitamin A therapy. 

Unfortunately enough we were not in a position to determine the light
sensivity-thresholds of cones and rods at various stages of dark-adaptation. Un
der the given circumstances we could only compare the performance of subjects 
who had complaints with the results obtained on those without complaints and 
on the 4 control-persons. Nevertheless we may say that - at our second exami

nation - we could not demonstrate a marked difference between the dark-adap
tion of the 25 formerly night-blind inmates and that of the 4 control-persons 
under the given conditions of observation. 

2. Conjunctival xerosis 

In our first examination the 14 children of groups II and Ill showed 
a minimal conjunctival xerosis in both eyes (see further on). 

The pre-corneal tear-film seemed to be normal on inspection with
out magnification. The first measured BUT was more than 10 se
conds but with every following measurements the BUT decreased, 
down to 0 seconds with the sixth or seventh consecutive measuring. 
This means that there was no pre-corneal tear-film left. The whole 
cornea was dry with the sixth or seventh consecutive manual ope
ning of the eye. 

On slit-lamp examination we saw many tiny particles in the tear
film, which were stained by 1% rose bengal but not by 1 °/o alcian 
blue. They consisted apparently of desquamated degenerating and 
dead epithelial cells (see II. 4). 

The thin thread in the inferior fornix was very well stained by 
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1 �/o rose bengal but hardly by 1 Ofo alcian blue. This means that this 
thread was mainly composed of desquamated epithelial cells and 
only a small amount of mucus. The mucus-production of the con
junctival goblet cells had obviously distinctly decreased. 

The ostia of the Meibomian glands on the rim of the eyelids 
were neither depigmented nor prominent or blocked. It was easy 
to squeeze out the contents of these glands. The contents looked 
like melting butter which is their normal appearance (see ll. 3) .  
None of these 1 4  inmates showed an "oily" tear-film (see Ill. 6 
and 8). For this reason we presumed that the external lipid tear-film 
was normal and not partly responsible for the decreasing BUT. 

Therefore the decreasing BUT in these 14 children must have 
been the result of an insufficient mucus-production of the conjunc
tival goblet cells (see ll. 5) owing to vitamin A deficiency (Cf. Dohl
man 1 972). 

We shall now discuss the minimal conjunctival xerosts m the 7 
inmates of group ll. The conjunctiva on both sides of the cornea 
was less transparent and had a somewhat greasy aspect in the 7 in
mates of group ll. After manual opening of the eye, however, these 
"xerotic" spots remained moist for 5 to 10 seconds and only then 
fell dry, whereas the surrounding conjunctiva and the cornea were 
still covered with the tear-film for a few seconds. This means that 
the "xerotic" spots were only really dry 5 to 10 seconds after the 
first manual opening of the eye. After 3 or 4 consecutive measu
rings of the BUT these spots were dry from the beginning, i.e. i m
mediately after opening of the eye. Only now they were clearly 
visible to the unaided eye. As mentioned before, the whale cornea 
and conjunctiva were dry after 5 to 6 successive measurements of 
the BUT. 

The Bitot's spots of the 7 inmates of group Ill and the 4 children of groups 
IV and V were permanently dry, even immediately after opening of the eye. 
This is why we used the word pre-corneal instead of pre-ocular tear-film in 
these 11 cases. 

The xerotic spots on both sides of the cornea were distinctly 
stained by 1 Ofo rose bengal but not by 1 °/o alcian blue or sudan Ill. 
There were obviously many degenerating and dead epithelial cells 
originated or accumulated on these spots but no appreciable amount 
of mucus or phospholipids (see ll. 4). 
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In 5 of the 7 cases the bulbar conjunctiva of both eyes was stai
ned much more intensely red at the nasal side of the limbus than 
temporally, in the other 2 cases it was just the opposite. The red 
area had a more or less triangular shape similar to that of many 
Bitot's spots, their base lying parallel to the limbus at a distance of 
0,5 to 1 .0 mm (see photos 3 an'd 4). Furtheron we shall call this 
extent of rose bengal staining: grade I .  

The red stained triangular area was easily visible to the unaided 
eye at a distance of 1 metre, whereas the unstained xerotic spots 
were only visible on close examination after 3 or 4 successive mea
surements of the BUT. The area consisted of several polygonal 
islands of stained epithelium between the conjunctival bloodvessels 
or formed one massive red triangle of stained epithelium covering 
the conjunctival vessels. 

On slit-lamp examination we saw that the red triangular islands 
in the conjunctiva were composed of innumerable tiny red adjoi
ning dots. The dots had coalesced in many places and thus formed 
close red patches. These patches formed the polygonal red islands 
between the bloodvessels cq. the massive red triangle mentioned 
above. There was no question of scarce micro-punctate staining in 
these cases, which might be found in normal eyes as well (see II. 4). 

The red colour disappeared completely in all 1 4  inmates of groups 
II and Ill, within 10 to 1 5  minutes after instillation of the dye. 
Tattooing of the conjunctiva or cornea never occurs, if 1°/o rose 
bengal is used (Norn 1 972) . The 7 inmates of group Ill had a nar
row zone of conjunctival xerosis around the Bitot's spots, which 
was distinctly stained by l% rose bengal (see further on). 

22 days after the massive dose of vitamin A there was no trace of 
conjunctival xerosis left in the 14 children of groups II and Ill. The 
whole bulbar conjunctiva was now glossy and transparent and was 
not stained any longer by 1'0/o rose bengal. The BUT was more than 
10 seconds after 10 successive measurings. This time there was a 
thick mucous thread in the inferior fornix, which was intensely 
stained by 1% alcian blue. This implies that this thread now mainly 
consisted of mucus. The conjunctival goblet cells had apparently 
regained their normal function and seemed capable of producing 
an extra thick mucous thread. 
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From this distinct response to the vitamin A therapy we must 
conclude that the deficient pre-corneal tear-film had been the result 
of the insufficient mucus-production by the conjunctival goblet 
cells owing to vitamin A deficiency (see II. 5). 

Purposely we did not take conjunctival biopsies in these children at our first 
examination, in order to be in a position to observe the conjunctival changes 
effected exclusively by a single dose of vitamin A. The taking of a biopsy would 
have jeopardized our observations. 

The conjunctival biopsies of the 14  children of groups II and Ill 
taken at our second examination - after vitamin A therapy - sho
wed the following details : 

The epithelium had a normal cuboidal pattern and was 5 to 6 cell 
layers thick. There were neither squamous cells devoid of a nucleus 
in the superficial epithelial layers, nor keratinized lamellae on the 
surface of the epithelium. Many well filled - PAS and alcian blue 
positive - goblet cells were visible in the superficial layers, solitarily 
or in groups. Many of these goblet cell� showed metachromasia. 
Fine grained melanine dots were scattered through the whole epi
thelium, though mainly in the basic cell layers. These melanine 
granules were partly situated in the dendritic cells in the basic cell 
layer of the epithelium but also in those in the more superficial 
layers (melanoblasts, Bloch 1927). The melanine pigment was also 
accumulated in the form of caps at the distal pole of the nucleus 
of many cuboidal cells in the deeper and more superficial epithelial 
layers. Scattered clumps of melanine pigment were also visible in 
the subepithelial connective tissue. According to Pillat ( 1932), this 
form of pigmentation of the conjunctiva is typical of vitamin A 
deficiency and many exist for a very long time in spite of proper 
vitamin A treatment, or even for ever. We will discuss this fine 
granular so-called "smoky" pigmentation later (see Ill. 5). 

3 .  Bitot's spots 

At our first examination 1 1  inmates (groups Ill, IV and V) showed 
Bitot's spots on both eyes. In 3 children these spots were mainly 
composed of foam with innumerable tiny gas bubbles. The other 8 
had spots that consisted of a greyish-white, greasy material (see 
photos 5, 6 and 7). 

In all cases the spots were most pronounced in the temporal 
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conjunctiva. Most had a triangular shape their base lying parallel 
to the limbus. Some consisted of small islands, especially those at 
the nasal side of the cornea. A few showed vertical furrows parallel 
to the limbus. All spots were surrounded by a zone of fine granular 
so-called "smoky" pigmentation of the bulbar conjunctiva (see 
further on). The Bitot's spots were not moistened by the pre-ocular 
tear-film and formed permanently dry patches. 

After removal of the adherent foamy or greasy material with a 
cotton swab, identical spots developed in the same place in the 
course of several hours to one day. Neither the spots nor the under
lying epithelium were stainable by 1 Ofo rose bengal or 1 Ofo alcian 
blue. They were distinctly stained by sudan IlL The underlying epi
thelium and adherent foamy or greasy material apparently repelled 
the watery dye solutions. The affinity to sudan Ill means that both 
the epithelium and the adherent substance contained much lipoid 
material, which was probably composed of phospholipids produced 
by the Meibomian glands (see II. 3 and 5). 

3a. Bitot's spots with rose bengal positive border 
The Bitot's spots in the 7 children of group Ill were surrounded 
by a narrow rose bengal positive zone. This red demarcation in
creased their visibility to the unaided eye. The narrow band of 
conjunctival xerosis around the spots did apparently not repel the 
watery dye solution in view of the distinct red staining of this zone. 
These Bitot's spots disappeared after vitamin A therapy together 
with the rose bengal positive zone of conjunctival xerosis around 
the spots. 

3b. Bitot's spots without rose bengal positive border 
The Bitot's spots in the 4 children of groups IV and V - not sur
rounded by a rose bengal positive rim - had not changed at all in 
spite of the massive dose of vitamin A. According to their own 
history and the data in their files, it is very likely that these children 
have suffered from malnutrition and vitamin A deficiency before 
their admission. Local metaplasia of epithelium may become irre
versible after a long time (Boyd 1 97 4 ) .  Therefore the underlying 
epithelium of the Bitot's spots may not have responded to vitamin 
A repletion. The spots can be removed by surgical excision (Godi.i
ren & Orgen 1958, Sood & Ratnaraj 1967). Maybe the observation 
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period of 22 days was too short and the spots disappeared later. 
They were anyhow relatively unresponsive to vitamin A therapy, 
whereas the spots in group Ill disappeared completely within the 
same short period. 

It is very likely that the usual localisation of Bitot's spots in the 
palpebral aperture is partly due to the complete absence of mucus
producing goblet cells in the triangular areas of the bulbar conjunc
tiva on both sides of the cornea (see diagram in II, 6). 

4.  Fine granular, so-called "smoky" pigmentation of the bulbar con-
junctiva 

30 of the 77 inmates had unpigmented conjunctivae and did not 
show a pigmented band on or around the limbus. The nutritional 
state of these children, between 9 and 19 years old, seemed reaso
nable to good. They did not suffer from xerophthalmia. 

47 inmates, 32 boys and 1 5  girls, showed a fine granular pigmen
tation of the bulbar conjunctiva, known in the xerophthalmia lite
rature as smoky pigmentation (McLaren, Oomen & Escapini 1 966), 
(see fig. 2). On slit-lamp examination this pigmentation was found 
to consist of innumerable tiny brown-yellowish or brown-greyish 
pigment dots, finely dispersed through the bulbar conjunctiva. 

In 20 children, 1 3  boys and 7 girls, a more or less triangular area 
of this smoky pigmentation was visible on both sides of the cornea, 
in the exposed part of the bulbar conjunctiva in the palpebral aper
ture. The caruncle, semilunar fold and tarsal conjunctiva were not 
pigmented in these cases. Further on we shall call this extent of 
fine granular pigmentation : smoky pigmentation grade I. 

In 22 children, 16 boys and 6 girls, the pigmented triangular are
as on both sides of the cornea were connected by a pigmented band 
of varying width, below the cornea. Thus the whole area of pig
mentation had the shape of a collar : smoky pigmentation grade I!. 
In 1 6  of these cases the caruncle and semilunar fold were also pig
mented as well as the tarsal conjunctiva of the upper and lower eye
lid. The smoky pigmentation of the tarsal conjunctiva was hardly 
visible to the unaided eye due to the minimal contrast between the 
tiny brown dots and the reddish conjunctiva. In 13 cases, however, 
there was a very distinct accumulation of pigment dots in the tarsal 
conjunctiva over the Meibomian glands. These dark-brown strands 
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l NUKMI\L t:.l' t:. 

I. bright cornea 2. unpigmented conjunctiva 3. fine lashes 

XEROPHTHALMIA: X I A  

bengal (grade I )  2 .  mu-

I.  Bitot"s spot 2. smok� pigmentation grade I' 

XEROPHTHALMIA: X I A  + X I II  
I .  llitot"s spot 2 .  •moky pigmentation grade IV' 3 .  inferior fornix 

2 XEROPHTHALMIA: X I A  

I .  conjunctiv•l xerosis stained b y  l'lo rose bengal (grade 1·11) 

4 XEROPHTHALMIA: X I A  

2 .  rr 

8 XEROPHTHALMIA: X I A  
I .  obilructc<l prominent ostia o f  Meibomian glands 2 .  obstruct< 
prominent sebaceous glands on caruncle 3. smoky pigmcnlatic 
grade IV' 







grade I 

grade 1 1  

grade I l l  

grade IV 

1 sl ight 2 moderate 3 dense 
Figure 2. Diagram showing the various degrees of fine granular, so-called "smo
ky" pigmentation of the conjunctiva. 

of pigment at the inner side of the eyelids - covering the Meibomian 
ducts - were easily visible to the unaided eye and very striking (see 
fig. 3). There was no marked pigmentation of the inferior fornix. 

3 boys and 2 girls showed this smoky pigmentation also above 
the cornea. The area of pigmentation thus had the shape of a 
rhomb : smoky pigmentation grade Ill. The caruncle, semilunar fold 
and tarsal conjunctiva - especially that over the Meibomian glands -
showed a distinct pigmentation in these 5 cases, which was clearly 
visible to the unaided eye. The inferior fornix did not show a mar
ked pigmentation in these cases. 

None of the 47 children showed a diffuse pigmentation of the 
whole bulbar conjunctiva, the caruncle, semilunar fold, inferior for-
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nix and tarsal conjunctiva : smoky pigmentation grade IV (see fig. 2). 
This form of pigmentation will be discussed in chapters IlL 5, 7, 8, 
10  and 11 and in chapter IV. 1 .  

As described above, we graded the extent of the fine granular, 
brown pigmentation of the conjunctiva: grade I, 11, Ill or IV. The 
density of pigmentation can be described as : 1 = slight, 2 = mode
rate or 3 = dense. In practice, however, the correct grading of the 
intensity of pigmentation frequently appeared to be rather difficult, 
as there were so many cases with transitional stages. Where possible, 
we will describe in the next chapters both the extent and the density 
of pigmentation, for example : smoky pigmentation grade IP, or 
grade IF or grade np-a. 

There seemed to be no relation between the degree of smoky pig
mentation - extent and intensity - and the age or sex of the children 
in this orphanage. Likewise there seemed to be no relation between 
the grade of pigmentation and the stage of xerophthalmia in the 25 
children of groups I to IV. The nutritional status of the children 
with smoky pigmentation grade I seemed somewhat better than the 
condition of those with smoky pigmentation gra:de II. The 5 in
mates with smoky pigmentation grade Ill seemed in the poorest 
condition. 

Figure 3. Diagram of the distinct pigment accumulation over the Meibomian 
glands with smoky pigmentation of the tarsal conjunctiva. 
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2 boys and 2 girls with smoky pigmentatiOn grade II, ages above 
1 5  years, had unpigmented triangular spots in the pigmented areas, 
in the same place where Bitot's spots are usually situated. 

According to their history and the data of their files, it was very 
likely that these children had also suffered from xerophthalmia, be
fore their admission. Possibly the white triangular spots had never 
been pigmented because the light could not penetrate the overlying 
greasy material of Bitot's spots in the past. 

We will discuss these aspects in chapter Ill. 5.  

5 .  Thickening and wrinkling of  the bulbar conjunctiva 

The majority of the 77 inmates had a somewhat thickened bulbar 
conjunctiva which partly obscured the episcleral vessels. Many chil
dren developed vertical wrinkles of the bulbar conjunctiva on lateral 
movements of the eye-balls. These wrinkles ran parallel to the limbus 
and were most marked at the temporal side. We will discuss the 
thickening and wrinkling of t'he bulbar conjunctiva in chapter Ill. 5. 

We may summarise the results of this investigation in the orphanage 
of Garba Tula as follows: 

I a. Findings before vitamin A therapy: 

1 .  2 5  o f  the 77 inmates suffered form night-blindness, 1 4  having 
conjunctival xerosis and 1 1  also Bitot's spots. 

2. The minimal conjunctival xerosis in 1 4  children was only visible 
to the unaided eye after 3 or 4 consecutive measurements of the 
tear-film-breaking-up-time, at close examination. The BUT was 
abnormal in these cases. After instillation of 1°/o rose bengal, 
however, the conjunctival xerosis was at the same time clearly 
visible to the unaided eye, at a distance of at least 1 metre. 

3. The 14 children with conjunctival xerosis had only a very thin 
thread in the inferior conjunctival fornix, which consisted 
mainly of desquamated epithelial cells and only a small amount 
of mucus. This implies that the mucus-production of the con
junctival goblet cells was deficient. 

4 .  The Bitot's spots in  the 7 children of  group Ill were surrounded 
by a narrow zone of conjunctival xerosis which was rose bengal 
positive. 
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5. The Bitot's spots in the 4 children of groups IV and V were not 
surrounded by a rose bengal positive zone of conjunctival xe
rosis. 

6. All 25 children with xerophthalmia showed a fine granular, 
smoky pigmentation of the bulbar conjunctiva. 22 of the other 
52 inmates also showed smoky pigmentation, 30 children had 
conjunctivae without pigmentation. 

7. The majority of the 77 inmates had a somewhat thickened bul
bar conjunctiva which easily formed vertical wrinkles on la
teral movements of the eye-balls. 

I b. Findings after vitamin A therapy: 

1 .  The night-blindness in  the 25  inmates mentioned above had 
disappeared like the conjunctival xerosis in 14 of them and the 
Bitot's spots in the 7 children of group Ill. 

2. The tear-film-breaking-up-time was normal in all cases, even 
after 10 consecutive measurings. 

3.  The mucous thread in the inferior fornix was normal in all 
cases. 

4.  The 1 °/o rose bengal test was negative in all cases. 
5 .  The Bitot's spots in  the 4 children of  groups IV and V had not 

changed at all. 
6. The smoky pigmentation and thickening and wrinkling of the 

conjunctiva looked exactly the same as before vitamin A treat
ment. 

Conclusions: 

1 .  25 of the 77 inmates of this orphanage, that is 32°/o, suffered 
apparently from xerophthalmia. 

2. In 10 of the 25 night-blind children not only the rod-adaptation 
but the cone-adaptation as well was considerably affected. 

3. Only 3 or 4 successive measurements of the tear-film-breaking
up-time revealed that the normal looking tear-film in case of 
conjunctival xerosis was in fact deficient. 

4. The minimal conjunctival xerosis was only visible to the un
aided eye after 3 or 4 successive measurings of the tear-film
breaking-up-time. 
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5 .  The minimal conjunctival xerosis was immediately made clear
ly visible to the unaided eye at a distance of at least one metre 
by the instillation of 1 0/o rose bengal. The diagnosis was there
fore greatly facilitated. 

6. The night-blindness, conjunctival xerosis and Bitot's spots -
previously surrounded by a rose bengal positive zone - had dis
appeared completely within 22 days after the massive dose of 
300.000 IU vitamin A palmitate in oil administered by mouth. 

7. The 1 0/o rose bengal test was negative in all cases within 22 days 
after vitamin A therapy. 

8 .  The Bitot's spots - which were not surrounded by a rose bengal 
positive zone before treatment - looked exactly the same after 
vitamin A therapy. These spots must therefore be considered 
as relatively or permanently unresponsive to vitamin A therapy. 
They must be remnants of xerophthalmia in the past. 

9. The smoky pigmentation and thickening and wrinkling of the 
conjunctiva had not changed within 22 days after the massive 
dose of vitamin A. 

10. The insufficient mucus-production of the conjunctival goblet 
cells was restored to a normal or even above normal level after 
vitamin A therapy. All 14 children showed a thick mucous 
thread in the inferior fornix this time, which was intensely 
stained by 1 0/o alcian blue. This hypersecretion of mucus was 
also very well visible in the conjunctival biopsies taken 22 days 
after the massive dose of vitamin A. 

1 1 .  Clinically the activity of the conjunctival goblet cells could 
easily be judged with the unaided eye after staining of the mu
cous thread in the inferior fornix bij 1 Ofo alcian blue. 

Chapter /I!. 5 

XEROPHTHALMIA TRACING IN KENYA 

In order to trace the trail of vitamin A deficiency in Kenya we 
examined the followings groups (see II. 1 and 2) : 
1 .  pre-school children from the slums of Nairobi and Mathare 

Valley, 
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2. pre-school and school-age children, adolescents and adults m 

23 remote villages, 
3. the pupils of 2 1  primary and 3 secondary schools, 
4. diseased children in 59 Health Centres, 
5 .  prisoners in Kisumu and Marsabit. 

In chapter Ill. 4 we have discussed the xerophthalmia-patients of 
the orphanage in Garba Tula in detail. In the following we review 
all sites visited in the Nairobi Area and the 7 provinces of Kenya 
and discuss our local findings. 

I. NAIROBI AREA 

We examined : A. pre-school children from the slums, B. paediatric 
hospital patients and C. well-nourished healthy school-children 
(We have discussed this last group (C) in chapter lii. 1) .  
A. In the eastern part of Nairobi - the so-called "Division I" which 
is densely populated by poor people - we have visited 8 of the 
existing 22 Mother-and-Child-Welfare-Clinics, run by the City 
Council of Nairobi. We examined 168 boys and 1 77 girls, aged from 
a few days to 5 years. Our findings here were the following (see 
table 1 ) :  

A .  Pre-school children from the slums 

1 .  Bahati Clinic, 21 January 1 974 : 3 boys and 4 girls. 
3 children seemed in good condition ; only one - a boy of 3 -
showed smoky pigmentation of the conjunctiva: grade P. 

4 children between 3 months and 3 years old, presented signs of 
PCM (see further on) and smoky pigmentation grade II2-3• 

No other ocular abnormalities were found. The doctor in charge 
of this clinic told us that she regularly saw children with conjunc
tival xerosis and Bitot's spots. 

2. Eastleigh Clinic, 1 8  January 197 4 :  6 boys and 1 1  girls. 
7 children seemed in good condition; 5 had unpigmented conjunc
tivae and 2 smoky pigmentation grade P. 

10  children between 4 months and 21/2 years old, showed signs 
of PCM; 4 presented smoky pigmentation grade J2 and 6 grade II2-3• 

No other ocular abnormalities were found. 
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3 .  Kariakor Clinic, 22 January 1 974 : 32  boys and 29 girls. 
55 children seemed in good condition ; 35 had unpigmented con
junctivae, 15 smoky pigmentation grade P and 5 grade IP. 

6 children between 5 months and 31/2 years old, showed signs of 
PCM and smoky pigmentation grade IF. 
Other ocular abnormalities 

One boy of 21/! suffered from a purulent bepharo-conjuctivitis but had 
no trachoma scars in the tarsal conjunctiva of the upper eyelid. 3 children suf
fered from a mild limbitis, i.e. vernal catarrh (cf. Bisley 1973). 

19 children showed a very broad blue corneo-scleral transition zone. In 2 of 
them this semilunar blue zone even extended over the upper third part of the 
cornea. 

2 girls of 2 months and 4 years old showed a striking broad arcus juvenilis. 
One girl of 6 weeks had bilateral microphthalmia. 
45 children had a dark-brown pigmentring arround the limbus. In 40 cases 

this ring merged into the limbus, but in 5 cases there was an unpigmented zone 
of 0,5 to 1,0 m m  width between the pigmentring and the limbus. 4 other children 
showed a rhomboid dark-brown pigmentband at a distance of 0,5 to 1,5 m m  
from the corneal limbus. 

Apart from these findings no ocular abnormalities were found. 

4. Kariobangi Clinic, 1 8  January 1 974 : 1 8  boys and 22 girls. 
10 children seemed in good condition; 7 had unpigmented conjunc
tivae and 3 smoky pigmentation grade P. 

The other 30 children between 6 months and 21/2 years old, were 
in a poor nutritional state. 1 2  showed smoky pigmentation grade 
P, 8 grade IF, 6 grade liP and 4 grade IV3• All 1 0  children with 
smoky pigmentation grade liP or IV3 were recovering from severe 
kwashiorkor. 

5. Kenya Air Force Clinic, 23 January 1974 :  7 boys and 9 girls. 
6 children seemed in good condition ; 4 had unpigmented conjunc
tivae and 2 smoky pigmentation grade P .  

10  children between 6 months and 3 years old, showed signs of 
PCM; 6 presented smoky pigmentation grade I2 and 4 grade IF. 

No other ocular abnormalities were found. 

6 Makongeni Clinic, 21 and 24 January: 73 boys and 64 girls. 
4 1  children seemed in good condition ; 30 had unpigmented con
junctivae, 8 smoky pigmentation grade P and 3 grade IF. 
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96 children (700/o) between 4 months and 41/2 years old, suffered 
from PCM. Many of them had dry dull easily pluckable uncurled 
lax orange-brown or greyish-brown hair and a distended abdomen 
owing to ascaris infestation according to the nurses of this clinic. 
All 96 showed smoky pigmentation of the conjunctiva: 50 grade J2, 
24 grade II2-3, 1 7  grade liP and 5 grade IV3• All 22 children with 
smoky pigmentation grade liP and IV3 were recovering from severe 
kwashiorkor. They were between 1 1/2 and 4 years old. The colour 
of the smoky pigmentation grade IP, IIJ3 and IV3 varied from 
brown-yellow to greenish-blue. 
Other ocular abnormalities 

A girl of 2 years old suffered from a serious limbitis, a common form of vernal 
catarrh in Kenya according to Bisley ( 1973). 3 other children showed a mild 
conjunctivitis. 

A boy of 3 months old had a bilateral microphthalmus in combination with 
aniridia. One girl of 6 had excentric pupils, which were situated superonasally 
in the iris. 

Many children had a very broad blue corneo-scleral transition zone; in 2 
children the blue semilunar zone occupied even more than the upper third part 
of the cornea. The significance of this observation is not clear. 

One boy had a dark-brown pigmentring around the corneal limbus at a 
distance of 2,5 mm from it. Another boy had a dark-brown rhomboid pigment
band around the limbus, also at a distance of 2,5 mm. 2 girls showed a distinct 
palissade-like pigmentation around the limbus. Many children had a dark-brown 
pigmentring of varying width on or around the limbus. 

Apart from these findings no ocular abnormalities were found. 

7. Ofafa Jericho Clinic, 1 February 1 974 : 1 0  boys and 1 5  girls. 
1 7  children seemed in good condition; 10 had unpigmented con
junctivae, 5 smoky pigmentation grade J1 and 2 grade IJl. 

8 children between 1 and 21/2 years old, showed signs of PCM 
and smoky pigmentation grade J2. 

No other ocular abnormalities were found. 

8. Pangani Clinic, 1 8  and 22 January 1 974 : 1 9  boys and 23 girls. 
36 children seemed in good condition; 24 had unpigmented con
junctivae, 9 showed smoky pigmentation grade J1 and 3 grade IJl. 

6 children between 6 months and 3 years old, presented signs of 
PCM and smoky pigmentation grade II2-3• 2 were recovering from 
severe kwashiorkor, 4 had a distended abdomen owing to severe 
ascariasis according to the doctor in charge. 
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Other ocular abnormalities 

A 4-month-old girl had a bilateral microphthalmus. 
A 4-year-old boy suffered from a moderate limbitis (vernal catarrh). Another 

boy had a mild conjunctivitis. 
A 3-year-old boy showed a dark-brown pigmentring around the limbus. 

Apart from these findings no ocular abnormalities were found. 

Discussion: 

All 345 children which we examined in the 8 clinics mentioned, 
had bright corneae which were not stain able by 1 Ofo fluorescein or 
1 °/o rose bengal. All had a normal tear-film, a normal tear-film
breaking-up-time (BUT) and a normal mucous thread in the infe
rior fornix. This thread was stained very well by 1 Ofo alcian blue, 
except in the boy of 21/2 in Kariakor Clinic, who suffered 
from a purulent blepharo-conjunctivitis. In this case the thread in 
the inferior fornix consisted mainly of pus cells instead of mucus 
(see II. 4). No child showed conjunctival xerosis or Bitot's spots. 
The l'Ofo rose bengal test was negative in all 345 cases. According to 
their mothers none of the older children had difficulty in seeing in 
dim light. We had no opportunity to check if any children were 
night-blind. We did not find signs of trachoma. 

The great majority of these 345 children came from the slums of 
Nairobi and Mathare Valley, a poverty stricken area north-east of 
the Nairobi City-Centre where about 50.000 people live under very 
primitive conditions. According to the doctors and nurses of the 
Welfare Centres in Division I, the diet of most children in the slums 
and Mathare Valley consisted of white maize flour with water, 
wheat-bread and tea with or without sugar. The dish sometimes 
contained bananas, white beans or white cabbage. The majority of 
the children here never received other fruit, green vegetables, eggs, 
milk, fish or meat, as these foodstuffs were too expensive for most 
people. 

9. Mathare Valley. 

We visited Mathare Valley in the company of two staff nurses of 
the City Council on 29 January 1974. This slum area was dusty 
and windy. The huts with walls made of cardboard or mud and 
tin roofs were crowded. Flies, chickens and goats were everywhere 
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Hygiene facilities were scarce. Pombe'1• brewing was a favourite 
business. Large scale abuse of this beer mainly by males often re
sulted in quarrels and fighting. 

Here we examined 29 boys and 23 girls between a few days and 
6 years old. 

25 seemed in good condition; 15 had unpigmented conjunctivae, 
6 smoky pigmentation grade 12 and 4 grade IJ2 . 

27 children between 3 months and 6 years old, presented signs of 
PCM. All 27 showed smoky pigmentation :  1 5  grade II2-3, 7 grade 
IIJ2-3 and 5 grade IV:�. 

All children had bright corneae. No one showed - at least to the 
unaided eye - conjunctival xerosis or Bitot's spots. According to 
their mothers, none of the older children had difficulty in seeing 
in dim light. We could not measure the BUT or apply 1% rose 
bengal I fluorescein or 1 °/o alcian blue, as the children were too 
scared. 15 had a mild conjunctivitis. 

table I .  8 City Council Health Centres in Nairobi and Mathan: Valley. 

children 
nn PCM PCM smok),· 

places 
visited examined smoky pigmentation smoky pigmentation pit::lll('lllation kwashiorkor 

0.6 yean total total - - - total 
0 I 11 m-IV 0 I 11 IJI IV 

Bohati 7 3 2 1 - - 4 - - 4 - - 5 (70%) -
Eostleigh 1 7  7 5 2 - - 10 - 4 6 - - 1 2  (70%) -
Kariakor 61 55 35 IS s - 6 - - 6 - - 26 (43%) -

Koriobangi 40 10 7 3 - - 30 - 1 2  8 6 4 33 (K3%) 10 

Kenya Air Force 1 6  6 4 2 - - 10 - 6 4 - - 1 2  (75%) -

Makongcni 137 41 30 8 3 - 96 - 50 24 1 7  s 107 (77%) 22 

Ofafa Jericho 25 17 10 s 2 - 8 - 8 - - - IS (60%) -

Pangani 42 36 24 9 3 - 6 - - 6 - - 1 8  (43%) 2 

Mothare Valley 52 zs I S  6 4 - 27 - - I S  7 s 37 (7 1 % )  -

total 397 200 132 S I 17 - 197 - 80 73 30 14 265 (67%) 34 

Discussion: 

Summarizing our findings in Mathare Valley and the 8 Welfare 
Clinics, we did not see one single child with conjunctival xerosis 
or Bitot's spots on a total of 397 children examined, 197 boys and 
200 girls. 

•:• Pombe is local beer made of white maize, sugar and water. 
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Malnutrition, however, appeared to be a serious problem in the 
eastern part of Nairobi (see table 1). 1 97 of the 397 children, 1 03 
boys and 94 girls, that is about 50°/o, showed signs of PCM: anae
mia'\ depigmentation of the hair, depigmentation and atrophy of 
the skin, distended abdomen owing to ascariasis, enlarged liver, 
muscle atrophy, retardation in growth and emaciation. 34 of the 
397 children examined, 1 9  boys and 1 5  girls, suffered from kwashi
orkor, that is 8,6%. They were apathetic and miserable and showed 
a marked painless pitting oedema - especially of the lower extremi
ties - and a flaky-paint (crazy pavement) dermatosis all over their 
body (Cf. J elliffe 1 973 ) .  

265 of the 397 children (67%) showed smoky pigmentation of 
the bulbar conjunctiva. There seemed to be a strong relation be
tween the degree - extent and density - of this fine granular diffuse 
pigmentation of the conjunctiva and (the degree of) PCM. Above 
1 year, there seemed to be no marked relation between the degree 
of smoky pigmentation and the age of the child. Under 1 year, 
however, we saw only two boys of 3 and 4 months old with smoky 
pigmentation grade w-a. The other 34 children, 1 5  boys and 1 9  
girls, with smoky pigmentation grade 112-3, were all older than 6 
months. We found only one boy of 4 months with smoky pigmen
tation grade liP. All 3 children had only received breast-feeding 
for a few weeks. The other 42 children, 23 boys and 1 9  girls, with 
smoky pigmentation grade IIP-3 or IV3, were all older than 1 year. 
We did not find a marked difference in the degree of smoky pig
mentation between boys and girls. All children with pigmentation 
grade Ill or IV also presented thickened wrinkled conjunctivae. 

It should be stressed that many of the children who seemed in 
good condition at the time of the examination, probably had suf
fered from PCM in the past (see further on). In some Welfare Cen
tres the children who showed serious signs of PCM, received 61/2 
ounces of milk a day - separated milk-powder of Kenya Creame
ries Cooperation with water - mixed with a chicken egg. All mothers 
had nutrition-education in theory and practice, at every visit. All 
Welfare Centres amply supplied multivitamin syrup - Polymin'�\ 
containing 2 .500 IU vitamin A palmitate per 5 ml - or multi-vita-

* malaria is very uncommon in the Nairobi Area. 
** the usual supply for two weeks was a beer-bottle with 200 ml Polymin syrup. 
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min tablets, ferro-preparations (Colliron), penicillin, sulfa-prepara
tions and vermicides, if indicated. 

We were told by the doctors and nurses of these 8 Health Centres 
that many Luo and Luyia mothers living in the eastern part of 
.Nairobi returned regularly to the Western Province and Nyanza 
in order to take care of their shambas':-. They used to stay there 
for several months together with their children. Unfortunately 
enough these mothers mostly sold the milk of their own cows, 
chicken eggs, green vegetables and fruit in order to be able to buy 
clothes and other desired objects. For this reason many children 
were entirely dependent on white maize flour with water ("posho" 
and "ugali"), wheat-bread and tea with sugar. ·when they returned 
to the slums of Nairobi or Mathare Valley after some months to join 
their father, many children were in a very poor nutritional state. 
Fortunately most of those mothers frequently took their malnou
rished children to the nearest Health Centre where they received 
a thorough treatment during the few months that they lived in the 
Nairobi Area. 

It seems likely that the periodic intensive general treatment of 
the many malnourished children in the 22 Welfare Centres of the 
City Council in Division I was sufficient to prevent clinical signs 
of xerophthalmia in most of them. The majority of the doctors 
and nurses in charge of these Centres said that they had never seen 
children with conjunctival xerosis or Bitot's spots. According to 
these Health Workers, serious corneal involvement was rare, even 
in case of severe measles. 

B Paediatric hospital patients 

1. We also examined the eyes of 90 children from 0-10 years old 
in the Infectious Diseases Hospital, on 28 and 31 January and 5 
Feb.ruary 1974 (see table 2). 44 were admitted for measles, 27 for 
whooping cough or laryngo-tracheo-bronchitis and 19 for tuber
culosis. The majority showed signs of PCM. It was especially in this 
category that pigmentation of the conjunctiva occurred. Neither 
xerosis nor Bitot's spots were observed. 

On 4 June 1974 we saw here a 7-month-old marasmic boy who 

'' shamba = field. 
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suffered from measles and keratomalacia in the right eye. On 27 
June 1974 we saw a 21/2-year-old girl with kwashiorkor, measles and 
keratomalacia in both eyes. We will discuss these 2 patients in chap
ter Ill, 8 .  

According to the staff, an average of 20 children with kerato
malacia were admitted to this hospital every year. These cases usu
ally came from outside the Nairobi Area : from the Kiambu, Kitui 
and Machakos District. 

table 2. Infectious Diseases Hospital in Nairobi. 

children smoky pigmentation of the conjunctiva smoky pig-
wards visited examined - --- mentation 

0- 10 years grade 0 grade I grade H grade Ill grade IV total 

Measles ward 44 24 4 6 8 
. 

2 20 (45% ) 

Whooping cough-
and LTB ward 27 6 2 1 1  3 2 1  (80%) 

Tuberculosis ward 1 9  4 4 4 7 4 1 5  (80%) 

total 90 34 1 0  2 1  1 8  7 56 (62%) 

2. In the Kenyatta National Hospital the eyes of 1 85 children 
from 0-10  years old were examined, on 24 and 3 1  January and 4 
and 5 February 1 974 (see table 3). Again it were the malnourished 
cases in which conjunctival pigmentation was prominent. We did 
not find a clear case of xerosis or Bitot's spots but encountered two 
cases':· which most likely had been due to xerophthalmia. 
'-' A 9-year-old Kamba boy from the Kitui District presented a very large ad
herent leucoma in his right eye and a large macula in the lower part of the left 
cornea in combination with an anterior polar cataract on an otherwise clear 
lens. Both eyes showed smoky pigmentation grade IV". This boy said that his 
eye lesions were due to measles, incurred about 5 years before. 

A Kamba girl of 7 months old from Kisau, Machakos District, presented 
a very large corneal staphyloma of the right eye and smoky pigmentation grade 
IV". On the left side she had a dark-brown heavily pigmented phthisis bulbi (see 
photos 39 and 38). Her weight was still only 3000 grams. 

Her mother was far too small for her age (I 6 years) and had not been able 
to give breast-feeding. When she was pregnant of this first child, she had hardly 
been able to eat and vomited daily. She was the only one left out of 7 children. 
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Her parents had died, when she was still very young. According to this mother, 
the girl had lost her eyesight in the course of one week, when she was 2 months 
old. Her diet had only consisted of posho* and tea with sugar. She had not been 
ill before and had not suffered from measles yet. The treatment of the Health 
Centre - eye ointment 4 times daily from the beginning of the eye affection -
had been of no use at all. Therefore gonoblennorrhoea as a possible cause seems 
extremely unlikely. A bilateral perforating eye injury was out of the question. 

The doctor in charge to-Id us that at least 3 toddlers with severe 
xerophthalmia had been admitted to this hospital in 1 973. All 3 
cases came from the Kitui District. 

table 3. Kenyatta National Hospital in Nairobi. 

wards visited 

Paediatric 
Observation 

children 
examined 

0-10 years 

ward 1 ,  2, 3 and 4 85 

Paediatric ward 
1, 2, 3 and 4 100 

total 185 

Discussion: 

smoky pigmentation of the conjunctiva smoky pig-
mentation 

grade 0 grade I grade II grade Ill grade IV total 

40 27 1 0  

5 9  22 1 5  

9 9  49 25 

5 

4 

9 

3 45 (53 %) 

4 1  (4 1 % )  

3 86 (46,5%) 

Many of these 275 children were in hospital for some time already 
and on the way to recovery. The interference of specific disease 
factors made a correct impression of their nutritional state quite 
difficult. For these reasons we have not mentioned PCM in tables 2 
and 3 .  The BUT was measured and vital staining applied only in 
selected cases (see Ill, 6, 7 and 8). 

Above 1 year, we found no marked relation between the degree 
of smoky pigmentation of the conjunctiva and the age of the child. 
We saw only 4 children under 1 year with smoky pigmentation 
grade liP : 2 boys of 4 and 9 months and 2 girls of 5 and 8 months 
old. No marked difference in the degree of pigmentation was obser
ved between boys and girls. All children with pigmentation grade Ill 
or  IV also presented thickened wrinkled conjunctivae. 

• posho is porridge of white maize flour with water. 
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The discussions of paragraph LA also hold for most children in 
these 2 hospitals in Nairobi. 

Conclusion 

Except for the 2 patients with keratomalacia in the Measles Clinic, 
we did not find children in the Nairobi Area who suffered 
from xerophthalmia. It is very likely that the administration of 
vitamin A preparations and extra protein by the many Health Cen
tres in the City prevent xerophthalmia in many children "at risk" 
in this area. 

II CENTRAL PROVINCE 

A Kiambu District 

Limuru is situated 14 miles north-west of Nairobi in the Kiambu 
District, in a green fertile tea-growing area at an altitude of 2400 
metres. The International Red Cross had built a model village here 
in September 1 969, called "Kirathimo". This village consisted of 7 
mud huts, a day-nursery and a "shamba" including a chicken run 
and rabbit hutches. 7 mothers and their malnourished children -
Kikuyu's from the surroundings - lived in this Nutrition-Rehabili
tation-Village for 3 weeks. They received nutrition education in 
theory and practice and were taught general hygiene, how to pre
pare food, how to cook and to grow fruit and green vegetables. Near 
Kirathimo was a Clinic for Mother-and-Child-Health-Care and 
Family-Planning once a week. This system of Health Care seemed 
to function very well. We were told by the doctor in charge of the 
clinic that malnutrition was a serious problem in this area. He said 
that he occasionally observed conjunctival xerosis and Bitot's spots 
here. 

In the Limuru Clinic we examined 21 boys and 25 girls on 25 
January 1974. Their ages ranged from a few days to 5 years. 

32 children seemed in fair condition. 10 had unpigmented con
junctivae. 22 showed smoky pigmentation of the conjunctiva: 10  
grade F, 7 grade IF and 5 grade III2-3• 

14 children, between 8 months and 4 years old, showed signs of 
malnutrition. All 14 had smoky pigmentation of the conjunctiva: 
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5 grade II2-3, 6 grade liP and 3 grade IV3• 2 of these last 3 children, 
boys of 2 and 21/2 years old, showed depigmented obstructed and 
prominent ostia of the Meibomian glands. Expression of the con
tents of these glands was not possible. 

No other ocular abnormalities were found. According to their 
mothers none of the older children had difficulty in seeing in dim 
light. All had bright corneas which were not stain able by 1 °/o 
fluorescein or 1°/o rose bengal. The pre-ocular tear-film was normal 
as was the BUT and mucous thread in the inferior fornix. We found 
neither conjunctival xerosis nor Bitot's spots; the 1% rose bengal 
test was negative in all cases. 

5 children had a very broad blue corneo-scleral transition zone which covered 
about one third of the upper part of the cornea. 

One mother of 20 had a macula in the lower part of the right 
cornea and a large adherent leucoma in the left eye. She said that 
she had incurred these lesions in early childhood after measles. 

Another mother had a central leucoma in the left eye owing to a thorn she 
said. 

A mother of 25 had a very striking arcus juvenilis in both eyes. 

table 4. Limuru Health Centre. 

children examined 46 Bitot's positive smoky pigmentation of the conjunctiva 
ages 0-7 years spots 

rose bengal 
grade I grade 11 grade Ill grade IV 

total 
test 

well-nourished 32 - - 10 7 5 - 22 (48 %) 

malnourished 14  - - - 5 6 3 1 4  (30%) 

total 46 - - 10 (2 1 % )  1 2  (26%) ( (  (24%) 3 (6.5%) 36 (78%) 

Discussion: 

27 of the 32 children who seemed in fair condition at the time of 
our visit, had been malnourished in the recent past according to 
their Out-Patient-Cards. All malnourished children regularly re
ceived multivitamin syrup'\ vermicides and ferro·preparations in 
this clinic. If indicated, they were treated wih depot-penicillin and 
long-acting sulfa. Their mothers received nutrition education at 
every visit. If possible, mothers with malnourished children were 
admitted to "Kirathimo". 

'' "Polymin", containing 2500 IU vitamin-A-palmitate per 5 ml . 
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Summarizing our findings in the Limuru Clinic, we found neither 
conjunctival xerosis nor Bitot's spots in any of the 46 children exa
mined, in spite of the fact that 1 4  of them showed distinct signs of 
malnutrition. The regular administration of multivitamin syrup cq. 
vitamin A to all malnourished children was probably sufficient to 
erase or preclude signs of xerophthalmia. 

B Kirinyaga District 

This district is inhabited by about 300.000 people, mainly Kikuyu's. 

I Mwea Division 

The southern one-third of the Kirinyaga District is a rice-growing 
area, the so-called "Mwea Division". The Mwea irrigation-settle
ment-scheme (Mwea rice-scheme) covers an area of 8800 hectares 
near the foot-hills of Mount Kenya at an altitude of 1 1 60 metres, 
about 60 miles north-east of Nairobi. Before irrigation was realized, 
this hot and dry deserted plain produced hardly any food. The mean 
annual rainfall ranges from 635 to 1 270 mm. The irrigation-scheme 
was started during the emergency of the fifties, when the colonial 
government was seeking projects on which to employ detainees. 
Later on a livelihood was provided for about 8000 people from 
other parts of the Central Province. Nowadays many more people 
live in Mwea. The water for irrigation is drawn from the Thiba
and Nyamindi river which take their rise on the slopes of Mount 
Kenya. Only one crop a year can be grown during the short April 
rains. Harvesting takes place about 5 months later. The weather is 
too cool to grow rice during the long rains in October-November. 

We were told that the employees of the rice-farms received their 
pay (about KSh 3000,-) only once a year, after the rice-harvest in 
September-October. As many families did not save enough money 
for the year to come and loan interests were very high, they were 
short of money again soon after pay-day and had hardly anything 
to live on for the rest of the year. As most people in Mwea did not 
possess own "s'hambas", they had to buy al their food on the market. 
Grains and pulses were sold per "Blue Band" -tin on the market at 
the rice-mill of Tebera. One tin contained between 720 and 750 
gram maize, sorghum and so on. Mangoes were relatively cheap - in 
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comparison with tomatoes - during the mango-season in April-May, 
which lasted about 6 weeks. Unfortunately hardly anybody in this 
area realized that mangoes are excellent fruit which forms a rich 
source of vitamin C and vitamin A precursors::· This is even more 
regrettable as most people here liked mangoes for their taste but 
still failed to buy them. For the poorest families the cheap mangoes 
were nevertheless too expensive. 

table 5. Market prices in Tebera, dd. 15 April 1974. 

maize 

rice 

sorghum 

millet 

cow-peas 

beans 

cassava 

yams 

sweet potatoes 

potatoes 

white cabbage 

mangoes 

bananas 

tomatoes 

eggs 

70 

70 

100 

1 50/200 

1 50 

200 

15 

20 

20 

50 

75 

10 

100 

1 00 

30 

KSh cents per 750 gram 

KSh cents per tuber 

KSh cents 

tuber 

tuber 

5 potatoes 
· · · · ········· . ... . . .. . . . . . . . ..... . .......... .... . .. 

per cabbage 

5 small mangoes 

8 large bananas 

10 large tomatoes 

KSh cents per egg 

For all these reasons the diet in many households in Mwea was 
poor and consisted mainly of rice, some white maize with water 
("posho" and "ugali") and sometimes various kinds of beans. They 
drank water or tea with or without sugar. Many babies were breast
fed for a long period, even up to 4 years in some cases. In addition 
they received posho and sometimes bananas. As drinks water or tea 
with sugar were given. According to the hospital staff of the Keru
guya District Hospital and the Health Workers of the clinics in this 
rice-growing area, malnutrition was an important problem in Mwea. 

* 100 grams of raw mango contain 2,07 mg carotene (Bauernfeind 1973). 
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Under the guidance of the Health Visitor of the Kirinyaga Dis
trict and with the assistance of 2 nurses of the Kimbimbi Health 
Centre we visited the following 9 places in Mwea: 

1 .  Gathigirini Village, 1 March 197 4 :  1 7  boys and 1 1  girls, between 
a few days and 5 years old. 1 7  children showed smoky pigmentation 
of the conjunctiva: 1 3  grade F and 4 grade IF. One 5-year-old boy 
had large Bitot's spots surrounded by a rose bengal positive zone. 
The 1ij/o rose bengal test was also positive (grade I) in 3 other boys, 
aged 21/2, 31/2 and 41/2 years. All 4 boys proved to be night-blind on 
examination. 

We also examined 39 boys and 26 girls, between 5 and 10 years 
old. 54 had smoky pigmentation of the conjunctiva: 36 grade !2, 1 4  
grade II2-3 and 4 grade IIP. y./e found no Bitot's spots i n  this group. 
The 1ij/o rose bengal test was positive (grade I) in 5 children : 3 boys, 
aged 6, 7 and 9 years, and 2 7 -year-old girls. All 5 said that they had 
difficulty in seeing in dim light and proved to be night-blind on 
examination. 

2 1  of these 65 children suffered from a purulent conjunctivitis, possibly in 
combination with trachoma. 2 boys and 2 girls had a divergent squint of one eye. 

We found no ocular abnormalities in 9 males and 16 females exept an ad
herent leucoma in one eye owing to injury in a man of 40. 

2. Gathigirini Primary School, 1 March 1 974:  178 boys and 73 girls, 
between 6 and 1 7  years old. 221 pupils showed smoky pigmentation 
of the conjunctiva: 1 80 grade I2 and 41 grade II2-3• 6 boys, between 

table 6. Gathigirini Village. 

Bitot's positive smoky pigmentation of the conjunctiva 

spots 
rose bengal 

grade I grade 1 1  grade I l l  test grade IV 

children examined 28 

total 

ages 0-5 years I 4 1 3  4 - - 17 (6 1 % )  
children examined 65 
ages 5 -I 0 years - 5 36 14 4 - 54 (83%) 

total 93 I ( 1 , 1 % )  9 (10%) 49 (53%) 18 (19%) 4 (4%) - 71 (76%) 

table 7. Gathigirini Primary School. 

Bitot's positive smoky pigmentation of the conjunctiva 

spots 
rose bengal ·------ total 

test grade I grade 11 grade I ll grade IV 

pupils examined 251 
ages 6-17 years 6 (2,4%) 21 (8,4%) 180 (72%) 41  (16%) - - 221 (88%) 
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6 and 1 0  years old, had typical Bitot's spots surrounded by a rose 
bengal positive zone. The 1 Ofo rose bengal test was also positive 
(grade I) in 1 5  other children : 1 1  boys and 4 girls, between 6 and 9 
years old. All 21 pupils said that they had difficulty in seeing in dim 
light and proved to be night-blind on examination. 

2 boys and 1 girl had a divergent squint of one eye. A 7-year-old boy showed 
a phlyctaenular conjunctivitis, another boy had a l2rge hordeolum of the left 
upper l id. We did not see cases of trachoma here. 

3. Kimbimbi Health Centre 

a. Well-Baby-Clininc, 28 February 1 974:  43 boys and 5 1  girls, be
tween a few days and 3 years old. 

81 children seemed in fair condition. 65 of them had unpigmen
ted conjunctivae. 16 showed smoky pi-gmentation of the conjunc
tiva : 1 3  grade J1 and 3 grade IP. 

1 3  children, between 7 months and 3 years old, showed signs of 
malnutrition. All 1 3  had smoky pigmentation of the conjunctiva : 4 
grade II2, 6 grade liP and 3 grade IV3• The 1 11/o rose bengal test was 
positive (grade I) in 9 of the�e 1 3  children (grade I) . According to 
their mothers, all 9 children - 7 boys and 2 girls, between l 1/2 and 3 
years old - had difficulty in seeing in dim light. All 9 proved to be 
night-blind on examination. None of these 94 children showed Bi
tot's spots. 

One baby-girl had a bilateral blepharo-phimo�is. One 3-year-old boy had large 
follicles in  the tarsal conjunctiva of the upper eyelids, probably a sign of active 
trachoma. 

We have also examined 82 mothers here. Many showed smoky 
pigmentation of the conjunctiva, grade I, II or Ill. As the majority 
had unpigmented islands in the pigmented area, it was difficult to 
establish the extent and density of pigmentation in these cases. 1 5  
mothers had thickened wrinkled conjunctivae. 6 of them said that 
they had difficulty in seeing in dim light and proved to be night
blind on examination. In all 6 cases the 111/o rose bengal test was 
positive (grade I) but this test was negative in the other 76 cases. 
None of the 82 mothers showed Bitot's spots. 

One mother had a central leucoma in the right cornea accom
panied by an anterior polar cataract on an otherwise clear lens. The 
left cornea showed only a small central nebula. This mother blamed 
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measles to be the cause of her eye lesions which she �ncurred in early 
childhood. 

b. General Clinic, 27 and 28 February 1 974 : 64 boys and 71 girls, 
between a few days and 7 years old. 

1 1 5  children seemed in fair condition. 78 had unpigmented con
junctivae. 37 showed smoky pigmentation of the conjunctiva: 30 
grade P, 7 grade IP. 

20 children, between 8 months and 41/2 years old, showed signs 
of malnutrition. All 20 had smoky pigmentation of the conjunctiva : 
5 grade J2, 1 1  grade II2 and 4 grade liP. 

35 children had a purulent conjunctivitis and rhinitis. 
We examined 27 children, between 7 and 14 years old. 20 of them showed 

smoky pigmentation of the conjunctiva: 1 5  grade P and 5 grade 11'. All 27 
seemed in fair condition. 

3 boys of 14 years old had Herbert's pits in the upper limbus and a scarred 
tarsal conjunctiva of the upper eyelids. 12 children had a purulent conjunctivitis 
and rhinitis. 2 boys and 2 girls had a concomitant convergent squint and one 
girl an altemant divergent squint. Of the 17 males and 68 females examined, 26 
showed smoky pigmentation and thickened wrinkled conjunctivae. Nobody said 
that he had difficulty in seeing in dim light. One 40-year-old man had a catarac
tous lens in the anterior chamber of his right eye owing to blunt injury, incurred 
one year before. Another man had a phthisis bulbi on the right side due to perfo
rating injury. A third man showed an adherent leucoma in his left eye owing to 
perforating injury. Many adults showed remnants of healed trachoma. 

No other ocular abnormalities were found in these 247 patients in 
the General Clinic of Kimbimbi Health Centre. All had bright 
corneas and a normal tear-film. Nobody showed conjunctival xero
sis or Bitot's spots; the 1'0/o rose bengal test was negative in all cases. 

We were told by nurses of the Kimbimbi Health Centre, that 2 
irrigation plants were in function near this centre since one year, 
amply supplying many new "shambas" with water. Probably we did 
not find any signs of xerophthalmia in the older children in this 
Health Centre as a consequence of the improved diet in many fa
milies who presently owned a good shamba. 

4.  Kirogo Village, 27 February 1 974 : 35 boys and 29 girls, between 
a few days and 5 years old. 52 children showed smoky pigmentation 
of the conjunctiva : 40 grade J2, 9 grade IF-3 and 3 grade liP. 3 boys 

85 



table 8. Kimbimbi Health Centre. 
a Well-Baby-Clinic 

children examined 94 Bitot's positive smoky pigmentation of the conjunctiva 
ages 0-3 years spots rose bengal 

grade I 
total 

test grade 11 grade I l l  grade I V  
-
well-nourished 8 1  - - 1 3  3 - - 16 (20%) 

malnourished 1 3  - 9 - 4 6 3 13 (100%) 

total 94 - 9 (9,5%) 13 ( 14% )  7 (7%) 6 (6%) 3 (3%) 29 (3 1 % )  

b General Clinic 

children examined 1 35 Bitot's positive smoky pigmentation of the conjunctiva 
ages 0-7 years spots rose bengal 

grade I 
total 

test grade 1 1  grade Ill grade IV 

well-nourished 1 1 5  - - 30 7 - - 37 (32%) 

malnourished 20 - - 5 1 1  4 - 20 (100%) 

total 135 - - 35 18 4 - 57 (42%) 

total (a + b) 229 - 9 (4%) 48 (2 1 %) 25 (1 1 %) 10 (4%) 3 ( 1 ,3%) 86 (37,5%) 

table 9. Kirogo Village. 

Bitot's positive smoky pigmentation of the conjunctiva 

spots rose bengal 
grade I grade 1 1  grade I l l  grade I V  

total 
test 

children examined 64 
ages 0-6 years 3 (5%) 7 ( 1 1 %) 40 (63%) 9 (14%) 3 (5%) - 52 (8 1 % )  

of 3 ,  4 and 6 years old had typical Bitot's spots surrounded by a rose 
bengal positive zone. The 1 °/o rose bengal test was also positive 
(grade I) in 4 other boys, between 2 and 5 years old. According to 
their mothers, all 7 boys had difficulty in seeing in dim light. They 
proved to be night.Jblind on examination. 

The 20 adults examined did not show any ocular abnormality except smoky 
pigmentation of the conjunctiva. The majority had unpigmented islands in the 
pigmented area. 

5. Kirogo Primary School, 1 March 1 974:  285 boys and 144 girls, 
between 6 and 17 years old. 300 pupils showed smoky pigmentation 
of the conjunctiva: 242 grade J2 and 58 grade IP. One 8-year-old boy 
had 4 very large Bitot's spots which were surrounded by a rose ben
gal positive zone. He was the brother of the 4-year-old boy with 
large Bitot's spots, whom we saw in Kirogo Village. According to 
the teachers of the school and the chief of the village, these 2 boys 
lived merely on rice. Nevertheless they were the sons of a well-to-
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do-man. The 1 °/o rose bengal test was also posltlve (grade I) in 4 
other male pupils. All 5 boys said that they had difficulty in seeing 
in dim light and proved to be night-blind on examination. 

2 boys had a bilateral congenital ptosis. 5 other boys showed an alternating 
divergent squint. 2 boys suffered from a purulent conjunctivitis. One 7-year-old 
girl had a phlyctaenular conjunctivitis. 2 boys showed an adherent leucoma and a 
girl a phthisis bulbi in one eye owing to perforating injury. We did not see cases 

of trachoma here. 

This school owned a large "shamba". All pupils worked daily on 
it and were tutored in nutrition by their teachers. They regularly 
carried home fruit and vegetables - grown on this shamba - for 
their family. Therefore most pupils living on a poor diet, probably 
received a sufficient amount of vitamin A-precursors in this supple
ment of fruit and vegetables. 

6. Mahigaini Village, 25 February 1974 :  46 boys and 57 girls, be
tween a few days and 5 years old. 92 children had smoky pigmen
tation of the conjunctiva: 43 grade !2, 24 grade If2, 20 grade IIP 
and 5 grade IV3• 5 boys between 21/2 and 5 years old, had typical 
Bitot's spots surrounded by a rose bengal positive zone. The 1°/o 
rose bengal test was also positive (grade I) in 1 2  other children : 9 
boys and 3 girls, between 2 and 5 years old. All 1 7  children had 
difficulty in seeing in dim light according to their mothers. They 
proved to be night-blind on examination. 

A girl of I 1/2 years old had a micro-cephalus. 

We also examined examined 53 adolescents and adults. A boy of 
1 4  years old had Bitot's spots surrounded by rose bengal positive 
zone and proved to be night-blind on examination. He was the 
brother of a 21/2-year-old boy - one of the 5 boys mentioned above 
who also had typical Bitot's spots. 

The majority showed smoky pigmentation of the conjunctiva. l I also had 
thickening and wrinkling of the conjunctiva. The Ifl/o rose bengal test was ne
gative in all cases, exept in the 1 4-year-old boy mentioned above. Nobody said 
that he was night-blind. A 1 9-year-old boy had an adherent leucoma in his right 
divergent eye "due to measles". Another 1 7-year-old boy showed a corneal leu
coma in his right eye "due to long-lasting diarrhoea in childhood". 

7. Nguka Primary School, 25 February 1 974 : 3 1 3  boys and 1 42 girls, 
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table 10. Kirogo Primary School. 

Bitot's 
positive smoky pigmentation of the conjunctiva 

rose bengal total 
spots test grade I grade lli grade 11 grade IV 

pupils examined 
ages 6-17 years 

T 399 
1 1  (2,8 %) 5 ( 1 ,3%) 242 (6 1 %) 58 ( 14,5%) - - 300 (75%) 

table 1 1 .  Mahigaini Village. 

Bitot's 
positive •moky pigmentation of the conjunctiva 

rose bengal total 
spots test grade I �node 11 gmde I ll  grade IV 

children examined r I 03 
ages 0-6 years 5 (4,9%) 17 (1 6,5%) 43 (42%) 24 (23%) 20 (19%) 5 (5%) 92 (89%) 

table 12. Nguka Primary School. 

Bitot's 
positive smoky pigmentation of the conjunctiva 

rose bengal total 
spots test grade I grade 1 1  grade l li  grade IV 

pupils examined 
ages 6-17 years 

1455 
3 (0,7%) 1 1  (2,4%) 270 (59%) 105 {23%) 35 (8 % )  - 410 (90%) 

between 6 and 1 7  years old. 4 10  pupils showed smoky pigmentation 
of the conjunctiva: 270 grade P, 1 05 grade IP and 35 grade IIF-3• 
4 children had unpigmented triangles in the pigmented area on both 
sides of the cornea. 3 boys of 6, 7 and 9 years old had typical Bitot's 
spots surrounded by a rose bengal positive zone. The 1 °/o rose ben
gal test was also positive (grade I) in 8 other children : 5 boys, be
tween 6 and 1 0  years old, and 3 girls aged 6, 8 and 9 years. All chil
dren admitted that they had difficulty in seeing in dim light and 
proved to be night-blind on examination. 

2 boys and 2 girls had a concomitant convergent squint. 2 girls had a divergent 
squint of one eye. 2 boys and one girl showed a large conjunctival naevus. 2 girls 
had micro-corneae (diameter somewhat smaller than 9 mm). 3 boys had a cor
neal leucoma in one eye owing to injury. 

8. Thiba Health Centre, 25 and 26 February 1 974 : 83 boys and 73 
girls, between a few days and 5 years old. 

140 children seemed in fair condition. 37 had unpigmented con
junctivae. 1 03 had smoky pigmentation of the conjunctiva: 68 grade 
p-�, 30 grade IF-3, 5 grade up-a_ 2 boys aged 3 and 31/2 years had 
Bitot's spots surrounded by a rose bengal positive zone. The 1 Ofo 
rose bengal test was positive (grade I) in 2 other boys aged 4 and 5 
years. All 4 boys proved to be night-blind on examination. 

1 6  children, between P/2 and 4 years old, showed signs of mal-
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nutrition and smoky pigmentation of the conjunctiva : 1 4  grade IP 
and 2 grade liP. These last 2 were a 41/2-month-old boy and a 5-
month-old girl. 2 boys and 2 girls, between 3 and 5 years old, sho
wed typical Bitot's spots surrounded by a rose bengal positive zone. 
The 1 Ofo rose bengal test was also positive (grade I) in 8 other chil
dren : 5 boys and 3 girls, between 21/2 and 5 years old. All 1 2  chil
dren proved to be night-blind on examination. 

We have also examined 51 boys and 71 girls, between 5 and 1 2  
years old. 9 8  showed smoky pigmentation o f  the conjunctiva : 8 1  
grade I2 and 1 7  grade IJ2. We found no Bitot's spots i n  this group. 
The 1�/o rose bengal test was positive (grade I) in 4 of these 1 22 
children: 3 boys aged 2, 31/2 and. 41/2 years and one 5-year-old girl. 
All 4 proved to be night-blind on examination. 

A 5-year-old girl had a large adherent leucoma in the right eye 
and a small leucoma in the left cornea. Her mother told us that she 
had incurred these lesions 2 years before, shortly after measles. 

26 children suffered from a purulent conjunctivitis. One boy had an extensive 
hyposphagma in one eye owing to recent injury. 

One boy showed a concomitant convergent squint. 2 boys and one girl had a 
divergent squint of one eye. 

4 boys and 2 girls, between 9 and 12 years old, had Herbert's pits in the upper 
limbus and trachoma scars in the tarsal conjunctiva of the upper eyelids. 

2 boys showed an adherent leucoma in one eye owing to injury. 
A 21/z-year-old boy with very severe kwashiorkor was going to be admitted 

to the Keruguya District Hospital. A 3-year-old girl was a mongoloid idiot. 

We also examined 15  males and 20 females. 1 5  had smoky pig
mentation, thickening and wrinkling of the conjunctiva. One of 
them, a 24-year-old woman, said that she had difficulty in seeing in 
dim light and proved to be night-blind on examination. The 1% 
rose bengal test was positive (grade I) in this case but negative in 
the other 14  cases with smoky thickened wrinkled conjunctivae. 

9. Thiba Primary School, 26 February 1 974 : 547 boys and 278 girls, 
between 6 and 1 7  years old. 642 pupils showed smoky pigmentation 
of the conjunctiva: 437 grade J1 and 205 grade IP. 42 showed also 
thickening and wrinkling of the conjunctiva. 6 boys, between 6 and 
1 4  years old, and two girls aged 7 and 9 years, had typical Bitot's 
spots surrounded by a rose bengal positive zone. The 1°/o rose bengal 
test was also positive (grade I) in 14 other children, 9 boys and 5 
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table 1 3. Thiba Healtb Centre. 

children examined 156 positive smoky pigmentation of the conjunctiva Bitot's 
ages 0-5 years 

spots rose bengal - · - --- ------ total 
test grade I grade 11 grude Ill grade IV 

well-nourished 140 2 4 68 30 5 - 103 

malnourished 1 6  4 1 2  - 1 4  2 - 1 6  

total 156 6 (3,8%) 1 6  (10,2%) 68 (44%) 44 (28%) 7 (4.5% )  - 1 1 9 (76%) 
.. , . ... . ............... -.... -... .... . .•. � ··--········· ·····-···· ····· . .. .. ··············-·· 

children examined 122 
ages 5-1 2  years - 4 8 1  1 7  - - 98 

total 278 6 (2,2%) 20 (7,2%) 149 (54%) 61 (22%) 7 (2,5%) - 2 1 7  (78%) 

table 14. Thiba Primary School. 

! Bitot's 
positive smoky pigmentation of the conjunctiva 

rose bengal total 
spots test grade I grade 11 grade Ill  grade IV 

children examined 825 
ages 6· I 5 years 8 ( 1 % )  2 2  (2,6%) 437 (53%) 205 (25%) - - 642 (78%) 

girls, between 6 and 15 years old. All 22 pupils admitted that they 
had difficulty in seeing in dim light and proved to be night-blind on 
examination. 

20 pupils suffered from a purulent conjunctivitis. 4 had hordeola. 
4 boys had a convergent concomitant squint. 2 boys and one girl had a diver· 

gent squint of one eye. 
6 boys and 4 girls had micro-corneae (diameter somewhat smaller than 9 mm). 
One boy showed a large greyish-white plaque of metapl<:stic hypertrophic 

epithelium on the lower part of both corneae since early childhood. This abnor· 
mal epithelium was not stained by l"/o fluorescein or 1n/o rose bengal. The signi
ficance of this finding remains unclear. 

One boy had a corneal leucoma - in combination with an anterior polar cata
ract · in his right eye and a corneal nebula in his left eye "due to measles". 

Discussion: 

Summarizing our findings in Mwea, we may say the following (see 
table 1 5  and 16) :  
1 .  Malnutrition. The majority of the children with signs of malnu
trition was between 1 1/2 and 3 1/2 years old. There seemed to be no 
correlation with sex. 
2. Smoky pigmentation of the conjunctiva was found in 2091 of the 
2697 children examined, that is in 77,5u/o. Above the age of 1 year, 
there seemed to be no relation tbetween the degree of smoky pig
mentation and the age of the children. We saw only 4 boys aged 41/2, 
5, S 1/2 and 6 months, and 2 girls aged 5 and 8 months, with smoky 
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pigmentation grade liP. A 7-month-old girl showed smoky pigmen
tation grade IV3• Therefore extensive dense smoky pigmentation 
proved to be rare under the age of 1 year. We found no marked 
relation between the degree of smoky pigmentation and the sex of 
the children. The extent and density of smoky pigmentation were 
not correlated with the presence of Bitot's spots or conjunctival 
xerosis, i.e. a positive rose bengal test. All cases of smoky pigmen
tation grade liP or IV3 also showed a marked thickening and wrink
ling of the bulbar conjunctiva, which was clearly visible to the un
aided eye on lateral movement of the eye-balls. There seemed to be 
no distinct correlation between the degree of smoky pigmentation 
and the degree of malnutrition. 
3. Night-blindness. Proving night-blindness was rather time-consu
ming. We could only perform this test in the children with conjunc
tival xerosis, i .e. a positive rose bengal test, cq those with Bitot's 
spots. All these 121  children proved to be night-blind on examina
tion. We do not know how many of the other children were night
blind. On the basis of our examination, however, we may say that 
at least 4,511/o of the 2697 children examined suffered from night
blindness. 
4.  Bitot's spots. In the 580 pre-school children, 288 boys and 292 
girls, we found 15 children - 13 boys and 2 girls - with Bitot's spots, 
that is 2,60/o. In the 2 1 1 7  school-age children, 14 13  boys and 704 
girls, we found 1 8  children - 16 boys and 2 girls - with Bitot's spots, 
that is 0,90/o. Altogether 29 boys and 4 girls showed Bitot's spots, 
that is 33 of the 2697 children examined ( 1 ,20/o). All Bitot's spots 
were surrounded by a rose bengal positive zone. 
5. Conjunctival xerosis. In the 580 pre-school children the 1°/o rose 
bengal test was positive (grade I) in 53 ca5es - 43 boys and 10  girls -

(9,10/o). In the 2 1 1 7  school-age children this test was positive (grade 
I) in 68 cases - 5 1  boys and 1 7  girls - (3 ,211/o). Altogether 94 boys and 
27 girls showed a distinct staining of the bulbar conjunctiva by 111/o 
rose bengal, that is 12 1  of the 2697 children examined (4,5%). 

The pre-ocular tear-film was deficient as the tear-film-breaking
up-time (BUT) was already shorter than 10  seconds after 3 or 4 con
secutive measurings. In all these cases we found only a thin mucous 
thread in the inferior fornix, which was hardly stain able by 1 Ofo 
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alcian blue. This implies that the mucus-production of the con
junctival goblet cells was distinctly diminished in all 1 21 cases. 

The conjunctival xerosis was only visible to the unaided eye after 
3 or 4 successive measurements of the BUT. After the fourth or fifth 
manual opening of the eye the xerotic spots on both sides of the 
cornea fell dry, whereas the surrounding conjunctiva and the cor
nea remained moistened by the tear-film for a few more seconds. 
After staining by 1 Ofo rose bengal the conjunctival xerosis was easily 
visible to the unaided eye at a distance of 1 metre for at least 5 
minutes. In all 121  cases the red colour disappeared completely 
within 10 to 1 5  minutes. 

The xerophthalmia percentage in the Kirogo Primary School is 
strikingly low in comparison to that of Kirogo Village : 1 ,30fo to 
10,90/o. This must partly be due to the difference in age. Another 
reason is probably the large Kirogo School-"shamba" which provi
ded the pupils with green vegetables and fruit. As mentioned before, 
2 irrigation plants near Kimbimbi Health Centre amply supplied 
many new shambas there with water since 1 973. This may ex
plain why we did not find any signs of xerophthalmia in the General 
Clinic. In the Well-Baby-Clinic, however, we still found nearly 100fo 
of the children suffering from xerophthalmia. Apparently many of 
the youngest children had not yet profited by the green leafy vege
tables and fruit grown on the shambas. 

table 15. Survey in Mwca. 

children 
positive smoky pigmentation of the conjunctiva 

examined Bitot's 
Places visited 

spots rose bengal ages 
test grade I grade 11 grade Ill gr•de IV 

0-17 years 
total 

I Gathigirini Village 93 I ( 1 %) 9 (9,7�P) 49 IB 4 - 71 (76%) 

2 Gathigirini I School 25 1 6 (2.4%) 21 (8,4%) IKO 4 1  - - 221 (88%) 

3 Kimbimbi Health Centre 229 - 9 (3,9%) 4K 25 1 0  3 K6 (38'0) 

4 Kirogo Village 64 3 (4,7%) 7 ( 1 0,9% 40 9 3 - 52 (8 1 '0) 

5 Kirogo I S<hool 399 I (0,25 % )  5 ( 1 ,3%) 242 SK - - 300 (75'0) 

6 Mahigami Village 103 s (4,9%) 17 ( 1 ,7%) 43 24 20 5 92 (89<;0) 

7 Ngul..a 1 School 455 3 (0,7%) 1 1  (2,4%) 270 lOS 35 - 455 (100'0) 

K Thib• Health Cenlrc 27K 6 (2, 15%) 20 (7,2%) 149 61 7 - 2 1 7  (78%) 

9 Thiba Health School 825 8 ( 1 % )  2 2  (2,7%) 437 205 - 642 (78�•> 

total 2697 33 ( 1 ,2%) 121 (4,5%) 458 (54%) 546 (20%) 79 (3%) K (0,3%) 209 1 (77,5% )  
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lable 16. Xerophlhalmia in Mwea. 

Bitot's spots positive rose bengal test xeroph-

children 0-5 years old hoys girls total bo)S girls total boys girls 
thalmia 

total X-N + X-lA 

I Gathigirini Village 1 7  1 1  28 I I (3,6%) 4 - 4 4 (14,3%) 

2 Kimbimhi Well-Baby-Clinic 43 5 1  94 - - - 7 2 9 9 (9,6%) 

3 Kimbimbi General Clinic 64 7 1  1 35 - - - - - - - -
4 K1rogo Villngc 35 29 64 3 - 3 (4,7%) 7 - 7 7 (10,9%) 

5 Mahigaini Villngc 46 57 103 5 - 5 (4,9%) 1 4  3 1 7  1 7  ( 1 6,5%) 

6 Thiba Heallh Cenlrc 83 73 1 56 4 2 6 (3,8%) 1 1  5 1 6  1 6  ( 1 0,0%) 

1-6 total 288 29! 580 1 3  2 15 (2,6%) 43 Ill 53 53 (9,1 %) -- .... ...... ············-·····--
children 6- 17 ycors old 

7 Gathigirini Village 39 !6 65 - - - 3 2 5 5 (7,7%) 
H Gathigirmi I School 178 73 251 6 - 6 (2.4%) 1 7  4 2 1  2 1  (8,4%) 
9 Kiroso I School 285 1 14 399 I - I (0,2%) 5 - 5 5 ( 1 ,3%) 

1 0  Nsuka I School 3 1 3  142 455 3 - 3 (0,7%) 8 3 1 1  1 1  (2,4%) 

1 1  Thihll Hcahh Cenlrc 5 1  7 1  122 - - - 3 I 4 4 (3,3%) 

12 Thiba I School 547 278 825 6 2 8 ( 1 % )  1 5  7 22 22 (2,7%) 

7 - 1 2  lolal 

1 - 1 2  total 

1 4 1 3  704 2 1 1 7  1 6  2 18 (0,9%) 51 1 7  68 68 (3,2%) 

1701 996 2697 29 4 33 (1,2%) 94 27 121 121 

Conclusion: 

33 of the 2697 children ( 1 ,2'%) in the Mwea Division of the Kirin
yaga District had Bitot's spots. 1 2 1  children (4,5%) showed a positi
ve rose bengal test signifying conjunctival xerosis. This implies that 
of every 4 children with conjunctival xerosis, only one child had 
Bitot's spots. This holds for both the pre-school and the school-age 
group. In both groups the difference between boys and girls for 
Bitot's spots cq. conjunctival xerosis was equally striking. The xer
ophthalmia percentage in the pre-school group (9,1 Ofo) proved to 
be 3 times as large as that in the school-age group (3,2%). 

II  The northern two-third of the Kirinyaga District is fertile 
and has no lack of water because it occupies the southern slopes of 
Mount Kenya. Hence this part of Kirinyaga yields a great variety of 
cash and food-crops. According to the doctors and nurses of the Ke
ruguya District Hospital, malnutrition was nevertheless a serious 
problem in this region. This was partly due to lack of knowledge 
about adequate nutrition, partly to large scale abuse of alcoholic be
verages by males and females. A local beer "Karubu" - made of a 
dried oblong fruit ("fenesi" jack-fruit), honey, sugar and water - was 
mostly in demand. This beer contained about 30% alcohol. The price 
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per "Fanta"-bottle of 700 ml was KSh 60 cents. Even young mothers 
were seen drunk at midday already. According to my informants a 
drunk female was a great attraction for males in the public houses 
in Keruguya. For this reason family-life was often disrupted and 
money not spent on food in many households. 

1 Keruguya. 

We visited the Keruguya District Hospital on 1 March and 24 June 
1 974. 

At our first visit we examined 45 children, 26 boys and 19 girls, 
between a few days and 3 years old. 35 showed smoky pigmentation 
of the conjunctiva: 25 grade F, 6 grade II1-2 and 4 grade IIJ3. These 
4 children - 1 boy and 3 girls, between 1 1/2 and 3 years old - suffered 
from kwashiorkor and had thickening and wrinkling of the con
junctiva. 15 others were recovering from malnutrition. None of 
them showed Bitot's spots; the 1()/o rose bengal test was negative in 
all cases. 

At our second visit we examined 80 other children, 37 boys and 
43 girls between a few days and 9 years old. This time only 37 chil
dren showed smoky pigmentation of the conjunctiva : 30 grade P 
and 7 grade 1!2. These 7 still showed signs of malnutrition. None 
of them had Bitot's spots; the 1% rose bengal test was negative in 
all cases. 

Summarizing we did not find any ocular abnormalities in the 125 
children in the Keruguya District Hospital except smoky pigmenta
tion, thickening and wrinkling of the conjunctiva. 

The doctors here told us that in November and December 1973 10 children 
with Bitot's spots and night-blindness had been admitted. One of them, a 2-year
old girl, developed keratomalacia in both eyes during measles; she expired later 
on as a consequence of measles laryngo-tracheo-bronchitis. 

All children received multivitamin syrup 3 times daily and a diet 
rich in protein in order to cure existing vitamin deficiences and mal
nutrition from the very first day on. It is most likely that these 
routine measures often prevented damage of the eyes and other 
organs of the malnourished children admitted to this hospital. 
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2 Mutira. 

Mutira is a village situated about 12  miles north-west of Keruguya. 
On 7 February 1 974 we visited the Secondary Girls School in Mutira, 
a boarding-school with about 500 pupils. Here we examined 375 
girls, between 12  and 18 years old. All seemed in good condition; 
many girls were even obese. Except for smoky pigmentation of the 
conjunctiva - grade F and lP - in 320 of the 375 girls, we did not 
find ocular abnormalities in this group. None of the girls said that 
they had difficulty in seeing in dim light. All had bright corneas, a 
normal tear-film and tear-film-breaking-up-time. We did not find 
thickening or wrinkling of the conjunctiva, conjunctival xerosis or 
Bitot's spots. The 1 °/o rose bengal test was negative in all cases. No
body suffered from conjunctivitis cq. trachoma. The diet in this 
boarding-school was varied and contained green vegetables and fruit. 
For this reason we probably did not find any signs of xerophthalmia 
in this school. 

In Mutira Village we saw a 30-year-old blind woman. She told us that she had 
lost her eyesight at the age of 2 }ears after a long-lasting disease with chronic 
diarrhoea. The result was a bilateral phthisis l::ulbi. 

III EASTERN PROVINCE 

A lsiolo L>istrict 

We found that the general diet of the Boran, Samburu and Somali 
in the Isiolo District consisted mainly of white maize preparations 
and contained hardly any carotene. As cow and goat-milk were 
scarce many children received only tea and water. For this reason 
they were probably at risk of developing severe vitamin-A-defi
ciency in case they were struck by long-lasting diseases or high fever 
(Me Laren 1 963, Oomen 1961 ). 

Our findings in the "Soupkitchen" of Merti and the Orphanage 
of Garba Tula are discussed in chapters Ill, 3 and 4. 

In the Garb a T ula Hospital we examined on 22 March 1 97 4 44 
eye-patients : 8 boys between 7 and 14  years, and 36 adults. 3 boys 
showed Bitot's spots with a rose bengal positive border. The 1°/o 
rose bengal test was also positive in 2 other boys (grade I). All 5 
children were night-blind. They lived in Garba Tula and did not 
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CONJUNCTIVITIS 

3 
I. corneal �ined by 11/o fluorescein 2. local conjunctival 

xerosis stained by 11/a rose bengal 3. slight chemosis 4. minimal 
conjunctival injection 

HAEMORRHAGIC M EASLES KERATO-CONJUNCTIVITIS 

� . . .
. . / 

I. corneal reflex distorted 2. marked conjunctival ond ciliary in
jection 3. Meibomian ostia prominent hut not obstructed 
XEROPHTHALM IA: X I A  + X2 

f. pre-ocular tear-film locking 2. smoky pigmentotion grade Ill' 
3. injection lacking 

LEFT EYE OF SAME PATI ENT 

. rose bengal staining grade I l l  2. abnormal lashes 3. very broad 
.farx' line 

1U XEROPTHALMIA: (XIA) AND M EASLES KERATO
CONJUNCTIVITIS 

f .  corneal reflex distorted 2. conjunctival xerosis stained by 1 
rose bengal 3. prc-ocular tear·film lacking 

12 SAME EYE TURNED UPWARDS 

I. subconjunctivol haemorrhage 2. extremely thin short muc01 
thread in inferior fornix, stained by 1 '1• :1lcian blue 

14 SAM E RIGHT EYE STAINED BY 1 °/t ROSE BENGAL 

I . rose hengo1l staining grade I l l  2. eczema of lateral canthus 

16 KWASHIORKOR. M EASLES, BILATERAL HERPES SIM PLE> 
KERATITIS 

4 

1. dendritic corneal ulceration stained by 1'/o fluorescein 2. inflam· 
mntory response lacking 3. 1 °/o rose ben&:JI test negative 4. her
petic skin ulcers 





The doctor said that 6 months before 20 people came to the Dis
pensary in Ikanga, complaining of night-blindness. She stated that 
Bitot's spots and keratomalacia were seen in Ikanga, Kitui, Mutomo, 
Mutonguni and Tharaka. A 2-year-old girl with keratomalacia in 
both eyes had expired in Mutomo Hospital 2 days before our visit. 
The Ophthalmic Medical Assistant informed me that he saw 2 cases 
of keratomalacia in Tharaka in July 1 975 . 

Considering this, xerophthalmia must be a Child Health Problem 
of considerable importance in the Kitui District. 
We also examined the 1 50 girls of the Mutomo Secondary Se/zoo/ for Girls. The 
diet in this boarding-school was well balanced and varied. All girls seemed in 
good condition. No one had signs or symptoms of xerophthalmia. 80 pupils 
showed smoky pigmentation of the conjunctiva (grade ll). 

C Marsabit District 

In Laisamis we examined on 9 February 1 974 23 Sarnburu boys of the Ro

man Catholic Mission School. The diet in this boardng-school seemed to con
tain a sufficient amount of green leafy vegatables. All boys looked fine, no one 
had signs or symptoms of xerophthalmia. 1 7  pupils showed smoky pigmentation 
of the conjunctiv a  (grade Jl ). 

II In the Africa Inland Mission Dispensary in Loglogo we examl
ned 20 eye-patients on 1 1  February 1974.  No one had signs or symp
toms of xerophthalmia. The Rendille and Samburu here live on milk 
- often mixed with cow-blood - meat and porridge of white maize. 
The nurse in charge of the dispensary stated that she never saw cases 
of vitamin A-deficiency but regularly people with riboflavine-c.q. 
vitamin C-depletion. 2 school-boys whose night-blindness did not res
pond to adequate vitamin A-therapy, recovered after riboflavine ad
ministration (Cf. Venkataswamy 1 967). 

Xerophthalmia seemed to be no problem in Loglogo. 

III In the three close settlements of the Samburu Chief's Ngang'' 
we examined on 10  February 1974 1 70 of the 450 residents : 75 chil
dren, 50 males and 45 females. All seemed in good condition. We did 
not see children with a swollen abdomen or signs of malnutrition. 
No one had signs of xerophthalmia. One woman of 27 showed hila-

'' ngang = village. 
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teral corneal scars most likely owing to xerophthalmia. She had been 
2 years old during the serious famine of 1 949. About 600/o of the 
children and 900/o of the adults had smoky pigmentation of the bul
bar conjunctiva grade p-2 and II1-2 but no thickening or wrinkling. 

We found no evidence that xerophthalmia was a problem in these 
Samburu villages. 

Many children and young adults had a distinct arcus juvenilis. 5 children 
suffered from a mild vernal catarrh (limbitis) and showed a dark brown pig
ment band around the limbus. 1 2  children and 9 adults suffered from a purulent 
conjunctivitis. We saw only 6 adults with severe trachoma. There was no water 
at all in this area and the people could wash themselves only once a month. 

IV M arsabit Town. Marsabit is situated on the forest covered slo
pes of an extinct vulcano at an altitude of about 1 400 metres. The 
ever green fertile landscape around this town had, however, changed 
into a semi-desert owing to severe lack of rain during the last years. 
The Merille river at the southern border of the Marsabit District -
which used to be full of water the whole year round - was nearly dry 
since 1 968. The last harvest on the hills around Marsabit Town had 
been in February-March 1 973. Many Samburu had to live on white 
maize and water. Severe malnutrition was common and starvation 
deaths occurred every day. Bodies of emaciated cattle laid scattered 
around. 

In this area we visited the following places: 
1 .  The Marsabit District Hospital. Here we examined on 1 2  Febru
ary 197 4 1 3  boys and 9 girls from 1 to 1 4  years old, and 24 adults. 

A small 1 0-year-old boy with lepromatous leprosy - without irido
cyclitis and pearl formation - and a 1 4-year-old boy with an angular 
gibbus due to vertebral tuberculosis, were night-blind and showed 
large Bitot's spots. 2 thin boys aged 7 and 9 years were night-blind 
and showd smoky pigmentation of the conjunctiva (grade liP). The 
1 Ofo rose bengal test was positive in these 4 cases (grade I). 

A marasmic woman of 29 with severe chicken-pox showed con
junctival and corneal xerosis in the right eye and keratomalacia in 
the left eye. The 1 Ofo rose bengal test was positive in both eyes (grade 
IV). 

A man of 28 had bilateral corneal scars "due to chicken-pox" in
curred in early childhood. 

This means that we found 4 cases of mild xerophthalmia, one case 
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of keratomalacia and one of xerophthalmia scars in a total of 46 
hospital patients. 

The Nurse-Nutritionist of this hospital stated that he recently saw 
many children with Bitot's spots in Debel, Marsabit Town, Moyale 
and Sololo. 

2 In the Mm·sabit Prison we examined on 16 February 1 974 all 24 male 
prisoners. The prison complex comprised a large "shamba" where all kinds of 
green leafy vegatables and fruits were grown. A local well here supplied this 
field with plenty of water. All prisoners seemed in good condition; no one had 
signs or symptoms of xerophthalmia. 2 men had smoky pigmentation (grade IJ2) 
thickening and wrinkling of the bulbar conjunctiva. 3 prisoners suffered from 
active trachoma (stage Ill) and 2 from purulent conjunctivitis. One man showed 
an extensive hyposphagma and 2 others a phthisis bulbi owing to injury. 

3 In the Full Primary School Marsabit we examined on 12  and 1 3  
February 1974 501 of the 950 pupils, 365 boys and 1 3 6  girls, from 5 
to 1 7  years old. 

The 250 boarders of this school lived on white maize and rice but 
received regularly green leafy vegetables and fruit (mangoes) .  All 
250 seemed in good condition, no one had signs or symptoms of xer
ophthalmia. 800/o showed smoky pigmentation of the conjunctiva 
(grade p-2) .  

The majority of the 700 external pupils had to live on rice, pota
toes and tea and did not receive vegetables and fruit. Many of them 
seemed in a poor nutritional state. Of the 251  external pupils exami
ned, 6 boys and 2 girls, ages between 5 and 9 years, showed Bitot's 
spots with a rose bengal positive border. The 1 °/o rose bengal test was 
also positive (grade I) in 38 other boys and 1 1  girls, ages between 5 
and 1 3  years. All 57  children were night-blind and showed smoky 
pigmentation (grade J2 and IJ2) ,  29 had a thickened wrinkled bulbar 
conjunctiva. Therefore 57 of the 25 1 external pupils examined 
(22,70/o) suffered from mild xerophthalmia. 

Other ocular abnormalities: 
3 pupils had a concomitant convergent squint, one a bilateral exophthalmus, 

one a purulent conjunctivitis, one a mild vernal catarrh (limbitis), one a bilateral 
nummular keratitis, one a meta-herpetic keratitis, one a large pterygium, one 
active trachoma, one a rotatory nystagmus; four had corneal scars and one a 
phthisis bulbi due to injury. 
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4 In the Catholic Consolata Mission Primmy School for Girls in Marsabit we 
examined on 14 February 1974 370 girls from 5 to 14 years old. The diet in 
this boarding-school consisted of white maize, meat, milk and tea. All pupils 
seemed in good condition, no one had signs or symptoms of xerophthalmia. 
40 °/o showed smoky pigmentation of the conjunctiva (grade P). 

One girl had a concomitant convergent squint, one an alternating convergent 
squint and one an alternating divergent squint. One showed a large conjunctival 
naevus. Two presented corneal scars and one a phthisis bulbi owing to injury. 

5 In the Full Secondary School Marsabit we examined on 1 5  Febru
ary 1974 1 3 8  male pupils between 14 and 1 9  years old. 

The 7 4 boarders seemed in good condition and had no signs or 
symptoms of xerophthalmia. Their diet regularly contained green 
leafy vegetables and fruit (mangoes). 55 showed smoky pigmentation 
of the conjunctiva (grade P). 

Of the 63 external pupils examined 3 showed Bitot's spots with a 
rose bengal positive border. The 1 °/o rose bengal test was also posi
tive in 7 other boys (grade I). All 10  pupils were night-blind. 5 8  sho
wed smoky pigmentation, 22 also thickening and wrinkling of the 
conjunctiva. Most of the external students lived on rice, potatoes and 
tea, without vegetables and fruit. 

5 boys had conjunctivitis. 

Thus 1 0  of the 63 external pupils examined ( 16%) suffered from 
mild xerophthalmia. 

6 In the St. Peter's Primary School Sagante we examined on 1 6  and 
1 8  February 1974 234 of the 267 pupils, 1 77 boys and 5 7  girls, from 
5 to 1 6  years old. Most children came from the Dubgoba Manyata 
Sagante and lived on "posho"'� for more than one year already. Un
der normal circumstances these Boran children eat posho and fried 
dried tobacco leaves, chew coffee beans and drink milk of camels, 
goats and sheep. 

Many pupils seemed in a poor nutritional state. Of the 234 chil
dren, 20 boys aged between 5 and 8 years showed Bitot's spots with a 
rose bengal positive border. The 1 °/o rose bengal test was also positive 
(grade I) in 48 other boys and 7 girls between 5 and 1 4  years old. All 
75 pupils were night-blind. All 234 showed smoky pigmentation 

·� posho is porridge of withe maize-flour with water. 
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(grade IF-a and nF-3), 56 had also thickening and wrinkling of the 
bulbar conjunctiva. 

Thus 75 of the 234 children examined (320/o) suffered from mild 
xerophthalmia. 

7 In the Dubgoba Manyata Sagante we examined on 1 8  February 
1974 27 boys and 38 girls from 3 months to 7 years old, and 60 
adults. 

2 boys aged 4 and 5 years and one 7-year-old girl showed Bitot's 
spots with a rose bengal positive border. The 1 °/o rose bengal test was 
also positive in 12 other boys and 3 girls, between 4 and 7 years old. 
According to their mothers, all 1 8  children had difficulty in seeing in 
dim light. We had no opportunity to verify this statement. All 65 
children had smoky pigmentation (grade Il2-3 and III2-3), 32 also 
thickening and wrinkling of the bulbar conjunctiva. 

Thus 1 8  of the 65 children examined (280/o) suffered from mild 
xerophthalmia. 

28 children had a purulent conjunctivitis. One had a concomitant convergent 
squint. 

None of the adults had signs of xerophthalmia. 

A male and a female had bilateral corneal scars - according to ap
pearance and history - most likely owing to xeropthalmia. 

10 had a purulent conjunctivitis, 14 active trachoma. 
One had corneal scars owing to injury. 

8 In the Chief ]illo Manyata Primary School we examined on 1 8  
February 1 974 98 boys and 46 girls between 5 and 1 0  years old. 6 
boys and one girl showed Bitot's spots with a rose bengal positive 
border. The 1 Ofo rose bengal test was positive in 1 7  other boys and 3 
girls. All 27 pupils were night-blind. All 27 showed smoky pigmen
tation (grade II2-3 and III2-3), 19 had also thickening and wrinkling 
of the bulbar conjunctiva. 

Thus 27 of the 144 pupils examined (25,7%) suffered from mild 
xerophthalmia. 

A boy presented a large staphyloma in the left eye and a nebula in 
the right eye "due to measles" incurred in early childhood. 

3 pupils had a concomitant convergent squint; 2 boys showed a phthisis 
bulbi owing to injury. 
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table 17. Xerophthalmia in and around Marsabit Town. 

children examined Bitofs spots positive rose bengal test xeroph-
Pl3ccs visilcd tholmia 

boys J,!irls total boys girls total boys gins toto! X-N + X-lA 

Marsabit District Hospititl 
children 0-14 ye:us 13  9 22 2 - 2 4 - 4 4 (18%) 

Dubgob;� M :tny<�la S<��;ante 
children 3 months-7 yc:trs 27 38 65 2 I 3 14 4 1 8  18 (28%) 

Full I School M arsahit 
cxtcm:tl pupils 180 71 251 6 2 8 44 l 3 51 51 (22,7%) 

Full 11 School Mm"S:thit 
cxtcm:�t pupils 63 - 63 3 - 3 Ill - 1 0  1 0  (16%) 

St. Peters I &hoof Sag:mtc 
cxtcrn.tl pupils 1 77 57 234 20 - 20 hK 7 7 5  75 (32%) 

Chief Jlllo �l.on) ata I School 
c'<tcrn:al pupil!\ 98 46 144 6 I 7 23 4 27 27 (25,7% )  

Consolata I School for girl' Mafli.ahit 
ho.trdcrs - 370 370 - - - - - - -
l'ull I School Marsahit 
ht>:mlcrs 185 65 250 - - - - - - -
l'ull 11 School Marsahit 
boarders 15 - 75 - - - - - - -

total pupils 718 609 1 387 35 3 38 145 24 169 169 (12,2%) 

Discussion 

From this investigation appeared that 1 69 of the 1387  pupils exami
ned in Marsabit ( 12 ,20fo) suffered from mild xerophthalmia. 

None of the 695 boarders of the Full Primary School and Full Se
condary School Marsabit had signs or symptoms of vitamin A-defici
ency. Apparently their diet contained a sufficient amount of vitamin 
A c.q. carotene. 

38 of the 692 external pupils (5,5°/o), however, showed Bitot's 
spots. The 10fo rose bengal test was positive in 1 69 cases (24,40fo). All 
1 69 children were night-blind. This means that at least 24,4°/o of the 
children examined who lived with their relatives, suffered from mild 
xerophthalmia. 

Considering the data mentioned in this paragraph Ill C., malnu
trition and xerophthalmia constituted a serious Public Health Pro
blem in the Marsabit District at the time of our investigation. 

D Meru District 

This very green and fertile district is irrigated by many rivers rising 
on the north-eastern slopes of Mount Kenya and has an adequate 
rainfall. Over 500fo of the land is cultivated. Maize, pulses, millet, 
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vams, fruits, coffee and tea are the main crops grown here. Accor
ding to the staff of the 6 Health Centres visited, malnutrition is 
nevertheless common in the Meru District. 

Our findings in the St. Lucy's School for the Blind in Egoji are 
discussed in chapter Ill, 10. 

We saw 1 9  severe cases of xerophthalmia in the Maua Methodist 
Hospital on 2 February, 24 March and in April 1 974. Our findings 
in this hospital and the Meru District Hospital are discussed in detail 
in chapters Ill, 7, 8 and 9. 

1 In the Kangeta Harambee•:· Health Centre we examined on 21 Fe
bruary 1974 1 50 eye-patients of all ages. 

A night-blind 3-years-old boy showed smoky pigmentation of the 
conjunctiva (grade IV3). The 1 Ofo rose bengal test was positive (grade 
I). A woman of 24 had large Bitot's spots without a rose bengal posi
tive border. She stated that she had no difficulty in seeing in dim 
light. We could not demonstrate night-blindness in this case. Her 
mother said that she had been in poor condition for a long time and 
had been night-blind when she was about 7 years old. For these rea
sons we consider these Bitot's spots to be xerophthalmia sequelae. 

4 females had bilateral corneal scars probably owing to xeroph
thalmia. 

Other ocular abnormalities: 
The majority of the 150 eye-patients suffered from trachoma in various 

stages; many showed an extensive pannus formation in the upper part of the 
cornea. Young children had florid trachoma stage I and II. Many children 

suffered from a purulent conjunctivitis. 
10 adolescent girls and females showed a mucopurulent blepharo-conjunc

tivitis with entensive depigmentation of the skin of the eyelids and around the 
eyes. These so-called "Kangeta eyes" gave them a horrible mask-like appear
ance. 3 of them had marginal corneal ulcers as well. Probably these cases were 
due to a neglected prolonged angular blepharo-conjunctivitis owing to Mo

raxella. According to the Ophthalmic Medical Assistant this peculiar affection 
only occurred in Kangeta. 

On 5 May 1 974 we examined 103 children between 0 and 1 2  years 
old, in the General Clinic of the Kangeta Health Centre. A 7-year
old girl had Bitot's spots with a rose bengal positive border. 3 thin 
boys aged 4, 5 and 6 years showed smoky pigmentation of the con-

•:• Harambee means pulling together for the benefit of the people. 
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junctiva (grade IV3) ; the 1�/o rose bengal test was positive in these 3 
cases (grade 1). All 4 children were night-blind. 

2 boys aged 7 and 8 years, a girl of 1 2  and 2 mothers had bilateral 
corneal scars most likely owing to xerophthalmia. The boys had been 
discharged from the Maua Hospital 2 months before. 

The Ophthalmic Medical Assistant stated that he had referred 2 
girls with keratomalacia to the Meru District Hospital in the end of 
1 973. 

Other ocular abnormalities 
58 children suffered from trachoma stage I and II. 34 had a purulent con

junctivitis. 
4 children suffering from measles showed a superficial kerato-conjunctivitis. 

2 others with measles had a haemorrhagic conjunctivitis. 
One boy had a phlyctaenular conjunctivitis. 3 children showed a hyposphag

ma and 3 others had corneal erosions owing to injury. One boy and one girl had 
a concomitant convergent squint. 

From these findings appeared that both mild and severe xeroph
thalmia occurred in Kangeta. 

2 In the Chogoria Presbyterian Harambee Hospital we examined 
on 24 June 1974 35 children from 1 to 7 years old. All seemed in a 
good nutritional state. Only 2 boys showed smoky pigmentation of 
the bulbar conjunctiva (grade Jl). No one suffered from xeropthal
mia. 3 children with measles had no ocular abnormalities. The doctor 
in charge of this hospital stated that malnutrition was not uncommon 
in this area. In the previous 5 years he had seen 3 cases of severe 
damage to the cornea in malnourished children suffering from meas
les. 

3 In the Miathene Health Centre we examined on 25 April 1 974 
25 children. All seemed in good condition, no one suffered from xer
ophthalmia. 

According to the Medical Assistant of this Health Centre, malnu
trition was common in this area. He regularly saw malnourished 
children with corneal damage "due to measles" and referred them to 
the Meru District Hospital. 

4 In the 7 igania Health Centre we examined on 25 April 197 4 5 
children. All 5 seemed in good condition, no one suffered from xer-
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ophthalmia. A 5-year-old boy showed smoky pigmentation of the 
bulbar conjunctiva (grade IV2-3). He had been in a very miserable 
condition 4 months before. According to the nurse in charge of this 
Health Centre, he had been night-blind on admission and had shown 
large Bitot's spots. She also said that malnutrition was common in 
this area. Children with severe eye-lesions "due to measles" were 
referred to the Meru District Hospital. 

Considering the findings in the Maua and Meru Hospital (chapters 
Ill, 7, 8 and 9) and those mentioned above, malnutrition as well as 
mild and severe xerophthalmia constituted an important Child 
Health Problem in the green fertile Meru District. 

IV COAST PROVINCE 

A Mombasa 

Our findings in the Salvation Army Primary School for the Blind in 
Likoni are discussed in chapter Ill, 10. 

B T aita District 

In the Voi District Hospital we examined on 9 March 1974 10  chil
dren. All seemed in a good nutritional state, no one suffered from 
xerophthalmia. All 10  showed smoky pigmentation of the bulbar 
conjunctiva (grade p-2 and nl-2) . 

The Medical Assistant of this hospital stated that every month he 
saw severely damaged corneas in malnourished children with measles. 
According to the doctor in charge, blindness after measles was seen 
in V oi and W usi. 

The Kamba here grow tomatoes, carrots, peas, beans, citrus fruits, 
mangoes, bananas and sugar-cane on the hills round Voi. White 
maize, potatoes and cassava are grown in the plain. Chicken-eggs 
and meat are available to many people. In spite of this, severe mal
nutrition is regularly seen in Voi and Wusi and - in connection with 
it - keratomalacia as well. In the school for blind children in Likoni 
we saw 1 3  pupils from Voi and Wusi, who were blind owing to xer
ophthalmia. 
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C T ana River District 

1 In Kipao, a village of 1 50 huts looking like huge beehives, the 
formerly nomadic Orma had settled ten years before. Their diet con
sists mainly of cow-milk and meat. Here we examined on 8 March 
1 974 87 children between a few weeks and 1 2  years old. All seemed 
in good condition. No one showed conjunctival xerosis, Bitot's spots 
or corneal scars. 40 had unpigmented conjunctivae; 23 showed smoky 
pigmentation grade J1 and 23 grade IJl. Only one 4-year-old boy had 
pigmentation grade IIJ2. 

5 children suffered from a purulent conjunctivitis, 23 from trachoma stage 
I and ll. Many more showed Herbert's pits. 

One boy had a bilateral punctate keratitis, one girl had a bilateral nummular 
keratitis. 

13 children showed thickened wrinkled bulbar conjunctivae; all 13 suffered 
from trachoma. 

There seemed to be no relation between the slight smoky pigmen
tation of the conjunctiva and the existence of trachoma. 14 older 
children with rather serious trachoma had unpigmented conjunctivae. 

Malnutrition and xeropthalmia seemed to be no problem in this 
Orma village. Nevertheless - mild intercurrent - vitamin A-deficien
cy cannot be excluded on the basis of the supposedly adequate diet 
of these Orma children (see V). 

2 In the Ngao village only Pokomo live. Their diet consists of 
white maize, rice, potatoes, cassava, onions, tomatoes, carrots, white 
cabbage, brown beans, eggs, fish and meat. Here we examined on 7 
March 1974 121  children from a few weeks to 1 5  years old. Most 
children seemed in good condition; 4 boys between 3 and 5 years old, 
had orange-greyish hair and a distended abdomen. No one showed 
conjunctival xerosis, Bitot's spots or corneal scars owing to xeroph
thalmia. 36  children had unpigmented conjunctivae; 46 smoky pig
mentation grade Jl, 3 8  grade IJl and 1 grade IIJ3. 

13 boys between 12 and 15 years old, had large pigment dots in the con
junctiva in the palpebral aperture. 

8 children suffered from a purulent conjunctivitis, 36 from trachoma stage 
I and 11. 18 of them had thickened wrinkled bulbar conjunctivae. 

2 boys had unilateral corneal scars owing to injury. 

There seemed to be no relation between the slight smoky pigmen
tation of the bulbar conjunctiva and the existence of trachoma. 
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Malnutrition and xerophthalmia seemed to be no problem in this 
Pokomo village. Like stated before, mild intercurrent vitamin A
deficiency cannot be excluded on the basis of the presumably ade
quate diet of these Pokomo children. 

3 In the N gao Methodist Hospital we examined on 7 March 197 4 23 
eye-patients. No one had signs or symptoms of xerophthalmia. The 
doctor in charge told us that - 2 months before our visit - 2 girls with 
keratomalacia had expired in this hospital. They had suffered from 
kwashiorkor and measles. 

The Medical Assistant of this hospital had lost his left eye (phthisis 
bulbi) owing to measles incurred when he was very young. 

The doctor and Medical Assistant stated that, though malnutrition 
was not a serious problem in this area, keratomalacia was regularly 
seen usually in combination with measles. 

From these limited data appeared that malnutrition and xeroph
thalmia occurred also in this part of the Tana River District. 

V NORTH-EASTERN PROVINCE 

A M and era District 

Under normal circumstances the Somali in the Mandera and Wajir 
District live on camel-milk, meat and white maize porridge. Many 
of the camels, however, had died during the long-lasting severe 
drought. The remaining undernourished animals now produced on 
the average only 3 litres of milk a day instead of 3 litres 8 times dai
ly and the price had gone up to KSh 1 ,5 a litre. 

The rivers around Mandera Town were completely dry and the 
surrounding country had changed into a (semi-)desert. Many flocks 
were now grazing at a distance of 100 to 200 miles from their "ma
nyata"':· in default of green and the herdsmen did not r:eturn home 
for many months. Other Somali had abandoned their wives and chil
dren in order to look for work in Somalia. For these reasons family
life was disrupted and many mothers with their children fell due to 
begging. Large groups of abandoned children were roaming around. 
Their diet consisted merely of white maize porridge and tea with 
sugar. 

* manyata = nomadic settlement 
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1 .  In the M and era District Hospital we examined on 20 March 
1974 14 eye-patients. 

A 6-year-old boy had a secondary optic nerve atrophy in his right 
eye and a large staphyloma in his left eye "due to measles" incurred 
2 years before. 

A 16-year-old boy showed a large staphyloma in the right eye and 
a phthisis of the left eye "due to chicken-pox"· incurred at the age 
of 10  years. 

A 50-year-old man was night-blind since 3 months. He was living 
on maize and tea since years. 

According to the nurses of this hospital, night-blindness was a 
common complaint in Mandera. Bilateral corneal scars in children 
were noticed regularly. 
2. On 22 March 197 4 we examined 96 school-boys in M and era be
tween 7 and 1 7  years old. The majority had smoky pigmentation of 
the conjunctiva (grade lP and IIJ2) .  6 boys were night-blind. We did 
not find conjunctival xerosis, Bitot's spots or corneal scars. No cases 
of active trachoma were observed. 

From these data appeared that both mild and severe xerophthal
mia occurred also in the Mandera District. 

B W ajir District 

W ajir is a small oasis town surrounded by a vast semi-desert. 
The well of Wajir is a watering-place for camels from the far sur
roundings. In 36 hours they drink enough water for 1 month. Amidst 
5000 camels we found a 4-year-old boy who had a large staphyloma 
in his right eye and a nebula in his left cornea. His mother blamed 
severe diarrhoea as the cause incurred 2 years before. 

In the w·ajir District Hospital we examined on 1 8  March 1 974 50 
eye-patients. A man of 20 and a woman of 45 had bilateral corneal 
scars probably owing to xerophthalmia. 

2 boys suffered from vernal catarrh (limbitis). 1 6  adults had active trachoma 
and many others showed trachoma scars. 

A marasmic 6-year-old boy suffering from measles had a beginning exposure 
keratitis and bluish hazy corneas. A boy and a girl of 3 years old with measles 
had a punctate kerato-conjunctivitis. 

According to the doctor in charge, severe malnutrition was uncom
mon in Wajir. We saw, however, 7 boys with bilateral corneal scars 
in a group of 25 children begging in this town. 
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Although we have no full evidence, it seems likely that both mild 
and severe xerophthalmia occur also among the Somali in the Wajir 
District. 

VI and VII WESTERN PROVINCE and NY ANZA PROVINCE 

The Western and Nyanza Province east of Lake Victoria are the 
most densely populated parts of Kenya. In this green fertile largely 
cultiYated region a wide variety of food and cash-crops are grown, 
e.g. fruit, pulses, barley, maize, millet, oats, sorghum, wheat, wimbi, 
cassava, (sweet) potatoes, yams, grass, coffee, tea, sugar-cane, castor, 
cotton, pyrethrum, sisal and wattle. 

We only had the opportunity to pay flying visits to this area in 
order to examine hospitalized children, between a few weeks and 6 
years old, in the following places : 

VI WESTERN PROVINCE 

A Bungoma District 

1 Bungoma District Hospital 8 June 1974, 34 children: 
A boy of 2 and a girl of 4 suffered from kwashiorkor and xeroph

thalmia (X-1A + X-2). A marasmic Maasai girl of 4 showed large 
corneal erosions in both eyes without any inflammatory reaction 
(X-3A, see photo 1 7) .  We will discuss these 3 cases in chapter Ill, 7. 
3 other children suffered from kwashiorkor and 2 had marasmic 
kwashiorkor. 27 children showed smoky pigmentation of the con
junctiva (grade J2, 112-3 and liP). No other ocular abnormalities 
were found. 

2 St. Charles Lwanga Mission Hospital in Misikhu 8 June 1974, 3 1  
children: 

No one seemed malnourished and nobody suffered from xeroph
thalmia. 7 children with measles showed a mild kerato-conjunctivitis. 
5 children presented a slight smoky pigmentation of the conjunctiva 
(grade P). No other ocular abnormalities were found. 
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B Busia District 

1 Busia District Hospital 9 June 1974, 54 children: 
8 children suffered from kwashiorkor and 4 from marasmus. 9 

children with measles showed a moderate kerato-conjunctivitis. Smo
ky pigmentation (grade !2, IJ2-3 and liP) was observed in 41 cases. 
No other ocular abnormalities were found. 

2 Funyula Medical Mission Sisters Hospital near Nangina 9 June 
1974, 38 children: 

10 children suffered from kwashiorkor and 2 from marasmus. 12  

children were recovering from kwashiorkor in  the Nutrition Unit of 
this hospital. 

A girl of 3 with kwashiorkor showed recently healed keratomala
cia of the left eye (see photo 37). 

A girl of 2 who was recovering from kwashiorkor, showed smoky 
pigmentation grade IV3; she had a round rather sharply demarcated 
adherent leucoma in the lower part of the right cornea most likely 
owing to xerophthalmia (Cf. photo 33) .  Smoky pigmentation (grade 
!2, Jp-s and liP) was stated in 3 1  cases. No other ocular abnormali
ties were found. 

According to the hospital staff, severe corneal damage in mal
nourished children with measles regularly occurred in this area. 

C Kakamega District 

1 Kakamega Provincial General Hospital 27 March 1974, 40 chil
dren: 

9 children suffered from kwashiorkor and 3 from marasmus. 
A boy of 4 who was recovering from kwashiorkor, showed smoky 

pigmentation grade IV3 and large Bitot's spots surrounded by a rose 
bengal positive zone. 1 2  children showed smoky pigmentation grade 
12 and 8 grade IJ2. No other ocular abnormalities were found. 

On 6 June 1974 we examined here 45 children: 19 suffered from 
kwashiorkor and 5 from marasmus. 

3 boys of 11/2, 2 and 3 years old who recently had been admitted 
for kwashiorkor, suffered from xerophthalmia: no 1 showed X-1A 
+ X-2, no  2 had X-3A and no  3 only X-1A. We will discuss these 
cases in chapter Ill, 7. Smoky pigmentation (grade !2, II2-3 and 

1 1 1  



'"�"��•uv�. "r."vrn o n"LMI/\: AJ/\ 18 KWASHIORKOR XEROPHTHALMIA: X I A  + X2 1. large corneal erosion stained hy 1111o fluorescein 2. inflamma· 
tory response lacking 3. smoky pi�mentalion �rade IV' 4. eczema 
of lateral canthus 

9 M ARASMIC-KWASHIORKOR AND XEROPHTIIALMIA 
RIGHT EYE: X3A 
I. J!reasy flakes of desquamated epithelium on oedematous cornea 
2. inflammatory response lacking 3, smoky pigmentation �rade 
IV' 4 notorious transmittor of patho�enic micro-organisms 5. 
pre-ocular tear-film 

I MARASMUS, XEROPHTHALMIA: X3B 
1 ,  opaque cornea 2. hypopyon of S mm 3, extcnsh·e desquamation 
of corneal and conjunctival epithelium 11. pre-O<:ular tear-film 

''"''� '· �· "'"'= '"""' 

3 MARASMUS, M EASLES, XEROPHTHALMIA: X3B 
I. deep large corneal ulcer with hypop)uo 2. opaque cornea 3. 
smoky pigment:.tion grade IV= 4� prc�Ol:'ular tear film l:�ckins S. 
infhommatory response lacking 6. prominent ob>tructcd Meibomian 
ostia 

1 .  xerosis stained by 11/e rose 

4 

ocular tear-film lacking 3. severe oedema eyelids 4. ecZA 
of lateral canthus 5. smoky pigmentation grade m• 6. adhe 
bit of dirt 

I .  iris-prolaps (myo cephalon) 2. greasy flakes of desquam; 
epithelium on eye and eyelids 3. smoky picmentation grade 
4. inflammatory response lacking 5. extensive infiltration in 
dematous cornea 6. pre-ocular tear·film lacking 

22 SAME LEFT EYE AFTER CAREFUL CLEANING 
I. corneal periphery still transparent (Cf. no 35) 2, smoky pigrr 
tation grade IV' 

24 SAME EYE 1 0  DAYS LATER 

1 .  kcratcct.tsl.t ::!. double m�·prol.tp' 3. opaque infiltrated con 





A 1 -year-old boy suffering from marasmic kwashiorkor and bron
cho-pneumonia showed xerophthalmia in his left eye: X-3A. Smoky 
pigmentation (grade J2, IJ2-3 and liP) was observed in 29 cases. No 
other ocular abnormalities were found. 

According to the hospital staff, malnutrition was a serious Child 
Health Problem in this area. In 1973 over 200 children had been ad
mitted for kwashiokor. 

VII NY ANZA PROVINCE 

A Homa Bay District 

1 Homa Bay District Hospital 12 June 1 974, 50 children : 
No one suffered from kwashiorkor or marasmus. 9 children had 

measles; 4 of them showed a mild kerato-conjunctivitis, the other 5 
had normal eyes. Smoky pigmentation (grade P and IJ2) was obser
ved in 37  cases. No other ocular abnormalities were found. 

According to the hospital staff, malnutrition was common in the 
Homa Bay District. 

2 The findings in the Agricultural Trainings Centre for Blind in 
Sikri will be discussed in chapter Ill, 1 0. 

B Kisii District 

Kisii District Hospital 27 March 1 974, 33 children: 
9 children suffered from kwashiorkor and 1 from marasmus. 
8 children suffered from marasmic kwashiorkor and had measles : 

4 of them showed a severe kerato-conjunctivitis, 2 had bluish hazy 
oedematous corneae; one 2-year-old girl had in addition xerophthal
mia (X-1A + X-2) and one 3-year-old boy had xerophthalmia (X-
3A). The 1 Ofo rose bengal test was positive in these last 2 cases which 
are discussed in chapter Ill, 8 .  

A 4-year-old boy was blind owing to optic nerve atrophy due to 
measles encephalo-meningitis. Smoky pigmentation (grade J2, n2-a 

and liP) was observed in 24 cases. 4 children had smoky pigmenta
tion grade IV3; the youngest of these 4 was a 6-month-old girl with 
kwashiorkor. 

On 1 2  June 1 974 we examined here 53 children: 
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A moribund girl of 2 with kwashiorkor had bilateral keratomala
cia. 4 other children suffered from kwashiorkor and 2 from maras
mus. 

3 children with measles had a moderate kerato-conjunctivitis. Smo
ky pigmentation (grade J2 and IJ2-3) was observed in 3 7  cases, grade 
IIJS in 4 cases. 

According to the hospital staff, severe corneal damage in malnou
rished children with measles regularly occurred in this area. They 
stated that malnutrition was a serious Child Health Problem in the 
Kisii District. 

C Kisumu District 

1 Nyanza Provincial General Hospital in Kisumu 1 6  June 1 974, 
40 children: 

No one suffered from kwashiorkor or marasmus. Smoky pigmen
tation (grade P-2) was observed in 1 3  children. No other ocular ab
normalities were found. 

2 Russian General Hospital near Kisumu 1 6  June 1974, 43 children: 
3 children suffered from kwashiorkor and 2 from marasmus. A 3-

year-old marasmic boy showed adherent leucomata in the lower part 
of both corneae, most likely owing to xerophthalmia. Smoky pigmen
tation (grade p-2 and II2-3) was stated in 27 children. No other ocu
lar abnormalities were found. 

3 In the Kisumu Prison we examined on 1 6  June 1974 67 male 
prisoners. They were arbitrarily chosen out of the 2000 prisoners ad
mitted. 2 of them were night-blind since several months. They had 
been admitted recently. Their diet had only consisted of white maize 
preparations and tea with sugar. 5 prisoners had a trachomatous pan
nus in the upper part of the cornea, 9 men showed a hordeolum. 
Smoky pigmentation in varying degrees was observed in 54 cases. No 
other ocular abnormalities were found. 

There was a large "shamba" on the prison compound, which am
ply provided the prisoners with fruit and green leafy vegetables. 
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The Ophthalmic Medical Assistant in charge of this prison stated 
that night-blindness, Bitot's spots and even serious corneal damage 
were regularly observed in malnourished prisoners shortly after ad
miSSIOn. 

4 The findings in the St. Oudas School for the Blind in Aluor and 
in the Kibos School for the Blind will be discussed in chapter Ill, 10 .  

table 1 8 .  Xerophthalmia i n  Western and Nyanza Province. 

children smoky xeroph-
hospital visited examined PCM* pigmentation 

X- 1 X-2 X-3 X-4''"' thalmia 
ages 0-6 years total 

Bungoma 34 8 27 2 3 5 

Misikhu 3 1  5 
Busia 54 1 2  4 1  

Nangina 38 24 32 2 2 

Kakamega 85 36 55 2 4 

Kaimosi 20 4 6 
Mukumu 22 2 

Mumias 36 1 2  29 

Homa Bay 50 37 
Kisii 86 25 69 2 3 
Kisumu 1 40 1 3  
Kisumu 2 43 5 27 

total 539 1 26 (23,4%) 343 (63,6%) 2 4 7 3 1 6  (3 % )  

* PCM: kwashiorkor, marasmic kwashiorkor or marasmus. 
*'� X-4: recently "healed" keratomalacia. 

Discussion: 

On our flying VISits in the Western and Nyanza Province we saw 
in a total of 539 hospitalized children, 126 cases (23,40/o) of Protein
Calorie Malnutrition. Many of these malnourished children were on 
the way to recovery again. 

343 of the 539 children examined (63,60/o) showed smoky pigmen
tation of the conjunctiva in varying degrees. There seemed to be a 
distinct correlation between the degree of smoky pigmentation and 
malnutrition. 
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In 6 of the 1 2  hospitals visited we found cases of xerophthalmza, 
in total 1 6  cases out of 539 children, that is 30/o. 

Conclusion: 

Contrary to the expectations, it appeared from these limited data 
that malnutrition and xerophthalmia constituted an important Child 
Health Problem in this green fertile area east of Lake Victoria. 

VIII RIFT V ALLEY PROVINCE 

A Kajiado District 

This pastoral area is mainly inhabited by Maasai. Under normal cir
cumstances the Maasai mothers breastfeed their babies during the 
first year of life and afterwards feed their children on milk and 
"posho". Large-scale starvation of their cattle owing to the long
lasting drought in the past years had decimated the Zebu herds. The 
few remaining cows were very thin and hardly produced any milk. 
Thus many families in the Kajiado District had to subsist on "posho" 
and "ugali"':· . 

1 In the Oloitokitok Hospital we examined on 1 1  and 1 2  March 
1974 120 adolescent and adult eye-patients : 

A 1 4-year-old boy with smoky pigmentation grade liP and thicke
ned wrinkled conjunctivae was night-blind; the 1 Ofo rose bengal test 
was positive (grade I) .  

A boy of 1 9  and a woman of 30 showed a large corneal staphylo
ma in the right eye and an adherent leucoma with an anterior polar 
cataract in the left eye. A woman of 27  presented a staphyloma in 
the right eye and a phthisis bulbi on the left side. All 4 patients bla
med a long-lasting disease with diarrhoea in early childhood as the 
cause of their eye lesions. 

No other ocular abnormalities in relation to vitamin A-deficiency 
were found. 

2 In the Kajiado District Hospital we examined on 1 3  and 1 4  
March 1 9 7  4 4 0  eye-patients o f  all ages : 

'� ugali is a stiff porridge of white maize flour with water. 
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2 boys of 5 and 7 with smoky pigmentation grade IV3 and thicke· 
ned wrinkled conjunctivae were night-blind; the 1 °/o rose bengal test 
was positive (grade I). 

A boy of 12 and a man of 37  showed an adherent leucoma with 
an anterior polar cataract in the right eye and a nebula in the lower 
part of the left cornea. A man of 30 presented a corneal macula in 
the right eye and a corneal staphyloma in the left eye. 2 women of 
28 and 45 showed an adherent leucoma in both eyes with an anterior 
polar cataract. All 5 patients blamed a serious long-lasting disease in 
early childhood as the cause of their eye lesions. 

A 40-year-old man had an adherent leucoma in his right eye owing to a per
forating injury incurred at the age of 15. 

No other ocular abnormalities in relation to vitamin A-deficiency 
were found. 

We were told by the District Medical Officer that a Maasai girl 
of 1 1/2 with keratomalacia in both eyes had died in this hospital the 
day before our visit. He stated that malnutrition was an important 
Child Health Problem in the Maasai area owing to the long-lasting 
drought of the past years. Serious corneal damage in malnourished 
children with measles regularly occurred in this hospital. 

B Kericho District 

In this green fertile hilly landscape extensive tea plantations are 
located. 

In the Kericho District Hospital we examined on 1 2  June 1 974 1 5  
children between 1 and 6 years old: 

3 children suffered from kwashiorkor; the 1 Ofo rose bengal test was 
positive in 2 of them (grade I). Smoky pigmentation was observed in 
11 cases (grade J2, II2-3 and IIJ3). No other ocular abnormalities were 
found. 

According to the staff, serious cases of malnutrition were regularly 
seen in this hospital. 

C Laikipia District 

The Kikuyu's in the area around Nanyuki mainly live by cattle
breeding. Their diet consists of milk and meat of cows, goats, sheep 
and pigs, white maize preparations and various kinds of green leafy 
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vegetables. Therefore one would expect malnutrition and xeroph
thalmia to be extremely rare in this region. We found, however, the 
following: 
1 In the Nanyuki District Hospital we examined on 21 February 
1 974 35 children between 1/2 and 5 years old : 

5 children suffered from kwashiorkor and 2 from marasmus; the 
1 Ofo rose bengal test was positive in 3 of the 5 children with kwashi
orkor (grade I). Smoky pigmentation of the conjunctiva was obser
ved in 30 cases (grade J2, II2-3 and IIJS). 

A 3-year-old boy with smoky pigmentation grade IV3 and thicke
ned wrinkled conjunctivae showed an adherent leucoma in the right 
eye and a corneal nebula in the left eye. According to his father, these 
eye lesions were due to measles incurred 2 years before. 

10 children showed a purulent conjunctivitis. 

No other ocular abnormalities were found. 

2 In the Nanyuki Hospital Primary School we examined on 20 Fe
bruary 197 4 123 boys and 86 girls between 5 and 1 0  years old: 

27 boys and 9 girls had dull uncurled greyish or orange-brown 
hair and flaky paint dermatosis (Cf. Jelliffe 1 973). 3 boys of 5, 6 and 
8 and 2 girls of 5 and 7 showed Bitot's spots with a rose bengal posi
tive border. The 1 Ofo rose bengal test was also positive (grade I) in 21  
other cases : 1 5  boys and 6 girls between 5 and 9 years old. All these 
26 pupils were night-blind. Smoky pigmentation was observed in 1 87 
cases (grade J2, I I2-3 and IIJS). 

38 children suffered from a purulent conjunctivitis; the majority had trachoma 
scars in the tarsal conjunctiva of the upper eyelids. 

No other ocular abnormalities were found. 

3 In the Nanyuki Public Primary School we examined on 21 Fe
bruary 1 974 152 boys and 1 1 2  girls between 5 and 1 0  years old: 

16 boys and 7 girls showed dull uncurled orange-brown hair and 
flaky paint dermatosis. The 1 °/o rose bengal test was positive in 1 5  
pupils (grade I ) ;  all 1 5  children were night-blind. Bitot's spots were 
not observed here. Smoky pigmentation of the conjunctiva was seen 
in 230 cases, thickening and wrinkling in 5 1  cases. 

24 pupils suffered from a purulent conjunctivitis, many showed trachoma scars 
in the tarsal conjunctiva of the upper eyelids. 

No other ocular abnormalities were found. 
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table 19. Xerophthalmia in Nanyuki. 

Place visited children 
examined 

signs of smoky 
malnutrition pigmentation 

positive rose bengal test 

X- l A  X-IB 

Nanyuki Hospital 35 7 30 3 

Hospital I School 

Public I School 

209 

264 

36 

23 

187 

230 

26 

1 5  

5 

total 508 66 ( 13%) 447 (88%) 44  (8,7%) 5 (1%) 

Summarizing we found in Nanyuki - contrary to the expectations -
in a total of 508 children, 66 children with signs of malnutrition 
(130fo ), 44 with conjunctival xerosis, i.e. a positive rose bengal test 
(8,70fo) and 5 with Bitot's spots surrounded by a rose bengal positive 
zone (1%). Smoky pigmentation of the conjunctiva was observed in 
447 of the 508 children examined (880/o). 

D N akuru District 

In the Nakuru Provincial General Hospital we examined on 1 3  June 
1 974 27 children between 1 and 7years old : 

5 of them suffered from kwashiorkor and 2 from marasmus. The 
1 Ofo rose bengal test was positive (grade I) in 2 of the 5 children with 
kwashiorkor. A 6-year-old boy suffering from marasmus and pulmo
nary tuberculosis showed corneal xerosis (X-2) ;  the 1 Ofo rose bengal 
test was strongly positive in this case: grade II (see III, 7) . 4 children 
suffered from measles kerato-conjunctivitis ;  one of them, a girl of 2, 
showed conjunctival xerosis as well : rose bengal staining grade III. ) 

A 7-year-old soporous girl - in a good nutritional state - with half 
open eyes had a distinct exposure keratitis in the lower part of both 
corneae. The corneal lesions were very well stained by 1 °/o fluorescein 
but the 1 °/o rose bengal test was negative. There was a normal mu
cous thread in the inferior fornix, which was nicely stainable by 1 Ofo 
alcian blue. For these reasons xerophthalmia (X-3A) was out of the 
question in this case. 

No other ocular abnormalities were found. 
According to the staff, serious cases of malnutrition were regularly 

seen in this hospital as well as corneal damage in malnourished chil
dren with measles. 
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E N andi District 

The Nandi live by cattle-breeding and they drink large amounts of 
milk. 

In the Kapsabet District Hospital we examined on 1 2  June 197 4 
30 children between 1/2 and 6 years old: 

3 of them suffered from kwashiorkor and 1 from marasmus. All 4 
were Luyia children. The 1 °/o rose bengal test was negative in these 
4 cases. Smoky pigmentation was observed in 1 2  cases (grade Jl). No 
other ocular abnormalities were found. 

According to the staff, serious cases of malnutrition were regularly 
seen in this hospital in Kikuyu and Luyia children. 

2 In the Nandi Hills Hospital we examined on 12 June 1974 53 
children between 1/2 and 5 years old: 

2 of them were recovering from kwashiorkor. Smoky pigmentation 
was observed in 1 5  cases : 1 2  grade J1 and 3 grade IP.  No other ocu
lar abnormalities were found. 

F Trans Nzoia District 

In the Kitale District Hospital we examined on 7 June 1974 7 chil
dren between 1/2 and 5 years old: 

2 children suffered from kwashiorkor. One of them, a Turkana 
girl of 2, suffered from xerophthalmia : X3A; the 1 0/o rose bengal test 
was strongly positive: grade II. Smoky pigmentation (grade J2 and 
IF) was observed in 3 of the 7 children examined. No other ocular 
abnormalities were found. 

G. Uasin Gishu District 

In the Eldoret District Hospital we examined on 1 1  June 1974 1 5  
children between 1/2 and 4 years old: 

2 children suffered from kwashiorkor and 3 from marasmus. 
A marasmic boy of 1 5  months old suffered from pneumonia and 

severe xerophthalmia: X-3B. A girl of 8 months old with measles 
kerato-conjunctivitis and pneumonia showed large corneal erosions 
in both eyes;the 1 0/o rose bengal test was strongly positive in this 
case: grade Ill. Apparently this was a combination of measles kerato-

1 21 



conjunctivitis and xerophthalmia (X-3A). These 2 cases will be dis
cussed in chapters III, 7 and 8. No other ocular abnormalities were 
found. 

H Turkana District 

Under normal circumstances the diet of the Turkana nomads in this 
hot and arid part of Kenya consists of camel milk, milk and meat of 
goats and "posho". Owing to the long-lasting drought of the past 
years many families had to subsist on posho and brown beans at the 
time of our visit. 

During the severe drought of 1 961 and 1 962 Famine Relief Camps 
had been built in Kaputir and Lodwar and along the west side of 
Lake Rudolph in Kalakol, Kataboi, Lowrenyak and Todenyang. 

We visited the following places in Turkana: 

1 Kakuma 

In the Kakuma Hospital we examined on 20 June 1 974 7 children 
between 2 and 7 years old: 

A marasmic boy of 7 with a huge hepato-splenomegaly owing to 
chronic Kala-azar* showed smoky pigmentation grade IJ2. The other 
6 children had unpigmented conjunctivae. 

According to the Medical Assistant in charge, severe corneal da
mage in malnourished children with measles was regularly observed 
in this hospital. 

In the Kakuma Primary School we examined on 20 June 1 974 1 1 5  
boys and 4 3  girls between 5 and 14  years old: 

4 boys between 5 and 8 years old and a girl of 7 showed Bitot's 
spots surrounded by a rose bengal positive zone. The 1 Ofo rose bengal 
test was also positive (grade I) in 7 other children, 5 boys and 2 girls 
between 5 and 9 years old. All 1 2  pupils were night-blind. Smoky 
pigmentation (grade J2 and II2-3) was observed in 1 23 cases. 

A boy of 5 showed an adherent leucoma in the right eye and a cor
neal macula in the left eye. A boy of 16  presented a phthisis bulbi on 
the right side and a corneal nebula on the left side. Both boys blamed 

(• diagnosis confirmed by Napier's aldehyde test via the E.A. Flying Doctors 
Service in Nairobi. 
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a serious long-lasting disease in early childhood as the cause of their 
eye lesions. 

Other ocular abnormalities: 
3 boys had a concomitant convergent squint and 4 boys a concomitant diver

gent squint. One girl had a microphthalmos on the right side. One boy showed 
an extensive hyposphagma and another boy a cataract owing to injury. 

2 In the Kalakol Primary School on 20 June 1 974 we could only 
examine 38 of the 360 pupils, as the others were wandering around. 
Their ages ranged from 8 to 1 4  years. Smoky pigmentation (grade J2 
and II2-3) was observed in 1 9  cases. 

2 boys showed an adherent leucoma, one boy had a cataract and another a 
phthisis bulbi owing to injury. 

No other ocular abnormalities were found. 
The diet in this boarding-school consisted of posho and brown 

beans. Fish was no longer available. Every afternoon the pupils tried 
to find additional food in the surrounding semi-desert. 

According to the staff of this school, many pupils complained of 
night-blindness. 

3 In the Kaputir Dispensary we examined on 21 June 1 974 1 5  chil
dren between 1/2 and 7 years old and 30 adolescents and adults: 

2 boys of 4 showed Bitot's spots with a rose bengal positive border. 
The 1 °/o rose bengal test was also positive (grade I) in 4 other boys 
between 3 and 7 years old. All 6 children were night-blind. Smoky 
pigmentation (grade J!!, II2-3 and IIJ3) was observed in 1 2  children. 

A boy of 2 presented a small adherent leucoma in both eyes, a girl 
of 7 had a subtotal adherent leucoma in the right eye and a nebula in 
the left cornea. In both cases measles were blamed as the cause of the 
eye lesions by their mothers. 

2 boys of 1 7  and 1 8  and 7 females between 25 and 30 years old 
showed corneal scars which were - according to appearance and his
tory - most likely due to xerophthalmia. 

A woman of 25 had bilateral Bitot's spots which were not surroun
ded by a rose bengal positive zone. The test for night-blindness was 
negative as well. 

4 In the Kataboi Primary School we examined on 20 June 1 974 89 
of the 260 pupils, 77 boys and 12 girls between 5 and 1 1  years old: 
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3 boys showed Bitot's spots with a rose bengal posmve border. 
The 1 °/o rose bengal test was also positive (grade I) in 8 other boys 
between 7 and 9 years old. All 1 1  pupils were night-blind. Smoky 
pigmentation (grade P, II2-3, liP and IV3) was observed in 67 cases. 

2 boys of 7 and 10  showed a phthisis bulbi on the right side and an 
adherent leucoma in the left eye. Both pupils blamed measles incur
red in early childhood as the cause of their eye lesions. 

2 boys had a concomitant convergent squint. 

According to the nurses in charge of the Kataboi Dispensary, a girl 
of 2 with keratomalacia in both eyes had died here one week before 
our visit. They stated that malnutrition was an important problem in 
Kataboi. 

5 In Katilu village we saw on 21 June 1974 in a total of 37 chil
dren and 48 adults, 4 children and 5 adults with corneal scars which 
where - according to appearance and history - most likely due to xer
ophthalmia. 
6 In Lodwar we saw on 1 8  June 1974 in a total of 35 children, 7 
boys between 4 and 8 years old with Bitot's spots surrounded by a 
rose bengal positive zone. All 7 boys were night-blind. A 7-year-old 
boy and a woman of 28 showed corneal scars which were - accor
ding to appearance and history - most likely due to xerophthalmia. 

In the Lodwar Primary School we examined on 1 8  June 1974 380 
boys and 20 girls between 5 and 14  years old : 

57  pupils showed dull uncurled greyish-brown hair. The diet in 
this boarding-school consisted of posho and brown beans; on Satur
days dried green vegetables were added. 

1 4  boys between 5 and 9 years old and 3 girls of 6, 7 and 9 showed 
Bitot's spots with a rose bengal positive border. The 1 0/o rose bengal 
test was also positive (grade I) in 34 other pupils, 24 boys and 10  
girls between 5 and 12  years old. All 5 1  children were night-blind. 
Smoky pigmentation (grade !2, II2-3, IIJ3 and IV3) was observed in 
3 1 7  cases. 1 1 5  pupils showed thickened wrinkled conjunctivae, 31 of 
them had bilateral pingueculae. 

2 boys of 5 and 7 had corneal scars which were - according to ap
pearence and history - most likely due to xerophthalmia. 
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Other ocular abnormalities: 
One boy had a moderate limbitis (vernal catarrh); 27 pupils suffered from a 

purulent conjunctivitis. Many had trachoma scars in the tarsal conjunctiva of the 
upper eyelids. 

3 boys had a concomitant convergent squint and 2 boys a concomitant diver
gent squint. 

7 In the Lowrenyak Primary School we examined on 20 June 1 974 
67 boys and 23 girls between 5 and 12 years old: 

5 boys between 7 and 1 2  years old showed Bitot's spots surrounded 
by a rose bengal positive zone. The 1 °/o rose bengal test was also po
sitive (grade I) in 9 other boys between 5 and 9 years old. All 14 pu
pils were night-blind. Smoky pigmentation (grade !2, II2-3, liP and 
IV:.:) was observed in 8 1  pupils. 

3 boys of 5, 8 and 1 0  showed corneal scars which were - according 
to appearance and history - most likely due to xerophthalmia. 

A boy of 8 had a cataract and a boy of 10 corneal scars owing to injury. 

8 Lokori 

In the Lokori Africa Inland Mission Hospital we examined on 1 7  
June 1974 5 children between 3 and 1 4  years old: 

A marasmic 14-year-old boy with severe measles and pneumonia 
suffered from xerophthalmia: X-3B. The 1 °/o rose bengal test was 
strongly positive: grade IV. He showed an extensive haemorrhagic 
rash and many Koplik's spots in his mouth. 

A 1 2-year-old marasmic boy with measles kerato-conjunctivitis 
suffered also from xerophthalmia : X-1A. The 1 0/o rose bengal test 
was positive: grade II. 

A baby-girl of 9 months old and a man of 26 showed corneal scars 
which were - according to appearance and history - most likely due 
to xerophthalmia. 

In the Lokori Primary School we examined on 1 7  and 1 8  June 1 97 4 
1 5 1  boys and 80 girls between 5 and 1 3  years old. 

The diet in this boarding-school consisted of posho and white 
beans. 

1 2  boys and 4 girls between 5 and 9 years old showed Bitot's spots 
surrounded by a rose bengal positive zone. The 1 O/o rose bengal test 
was also positive (grade I) in 41 other pupils, 30 boys and 1 1  girls 
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between 5 and 1 3  years old. All 57  children were night-blind. Smoky 
pigmentation (grade 12, 112-3, IIJ3 and IV3) was observed in 200 
cases, thickening and wrinkling of the conjunctiva in 5 1  cases. 

A girl of 8 showed a phthisis bulbi on the left side "due to measles 
incurred at the age of 2 years". 

Other ocular abnormalities: 
4 boys had a concomitant convergent squint, 2 boys and one girl a paralytic 

convergent squint. One boy and one girl had a concomitant divergent squint. 
2 boys had a traumatic cataract. 

We had the opportunity to collect blood samples and conjunctival 
biopsies from 1 3  malnourished night-blind pupils with conjunctival 
xerosis, i.e. a positive rose bengal test. 

The results of the blood samples are shown in table 20. 

table 20. Blood values of 13 xerophthalmia patients in Lokori Primary School. 
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289 F 7 + + + 1,5 38 8,5 2,99 0,36 0,89 0,83 2,52 0,54 1 0  1,5 78 

290 M 7 + + + 10 40 6,8 3,42 0,24 0,94 0,54 1,22 1 ,00 s s,s 2 1  

291 M 6 + + + 9,5 34 7,3 3,04 0,28 0,59 0,56 2,83 0,71 1 2  9,3 1 4  

292 F 9 + + + 8,0 45 4,6 2,43 0, 1 8  0,59 0,41 0,92 1 , 1 2  6 6,9 34 

293 M 7 + + 1 1  44 8,6 3,78 0,25 0,77 0,68 3,01 0,7H 8 8,6 76 

294 M 7 + + 9,5 34 6,4 2,94 0, 1 9  0,44 0,51 1,53 0,85 4 1 0,3 23 

296 F 6 + + + 8,0 36 5,4 2,75 0,21 0,64 0,54 0,91 1 ,04 3 3,4 3 1  

297 M 7 + + 8,5 32 3,6 1,65 0, 18 0.28 0,32 0,90 0,85 5,6 1 9  

298 M s + + + 8,0 36 5,8 2,88 0,24 0,83 0,64 1,21 0,99 4 12 30 

299 M s + + + 9,5 42 8,2 4,10 0,32 0,73 0,65 2 , 1 3  1 ,00 6 1 ,8 24 

300 F 5 + + 7,0 37 3,7 2,36 0, 1 1  0,44 0,29 0,40 1 .76 7 3,4 28 

301 M 8 + + + 9,0 4 1  3,9 1 ,98 0,1 1  0,39 0,27 1,01 1,03 H 0,9 32 

302 M 8 + + + 8,5 34 7,8 3,66 0,23 0,78 0,46 2,02 0,88 7 8,2 35 

Mean value 8,8 38 6,2 2,92 0,22 0,64 0,52 1,59 0,90 6,5 5,9 34 

The conjunctival biopsies showed a marked keratinization of the 
superficial cell layers with flattening of the nuclei. The outer layers 
had lost their nuclei. Goblet cells were extremely rare or absent. Me
lanine pigment was visible in the dendritic cells (melanoblasts) and in 
caps at the distal pole of the nuclei of the other epithelial cells (see 
photos 28, 29 and 30). The epithelium was not thickened; in many 
instances the keratinized cell layers were in direct contact with the 
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CONJUNCTIVAL BIOPSIES 

25 MEASLES KERATO-CONJUNCTIVITIS HE lOOX 
1. thickened hyperplastic epithelium 2. basic cell layer 3. severely swollen 
epithelial cells with pycnotic nuclei 4. goblet cells lacking 5. subepithelial 
tissue 

26 MEASLES KERATO-CONJUNCTIVITIS HE 400X 
1. partial destruction of cell walls 2. pycnotic nuclei 3. melanine pigment 
4. goblet cells lacking 

27 XEROPHTHALMIA (XlA) AND MEASLES KERATO-CONJUNCTIVITIS 
PAS + AB lOOX 
1. thin desquamating destructed epithelium 2. basement membrane disrupted 
3. goblet cells lacking 4. epithelial and subepithelial infiltration of lympho
cytes and plasma cells 

28 XEROPHTHALMIA (XlA) HE lOOX 
1. keratinization of superficial cell layers 2. nuclei flattened or disappeared 
3. melanine pigment in denditric cells and in caps at the distal pole of the 
nuclei 4. subet>ithelial tissue 

29 XEROPHTHALMIA (XlA) HE lOOX 
1. very thin desquamating epithelium 2. keratinized cell layers with flattened 
nuclei on degenerated basic cells 3. subepithelial tissue 

30 XEROPHTHALMIA (XlA) HE 400X 
1. desquamating keratinized lamellae with 2. flattened nuclei 3. degenerated 
basic cell layer 4. melanine pigment 5. subepithelial tissue 

31 HEALING XEROPHTHALMIA (XlA) PAS + AB 400X 
1. still very thin epithelium 2. numerous mucus-secreting goblet cells 3 .  
basic cell layer 4. subepithelial tissue 5. semilunar nuclei of goblet cells 

32 SUBACUTE CONJUNCTIVITIS PAS + AB 400X 
1. thickened hyperplastic epithelium 2. numerous mucous-secreting goblet 
cells 3. cross-sectwn through intra-epithelial mucoul' crypt 
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basic cell layers without any transitional cells in between. Thus the 
clinical thickening of the bulbar conjunctiva was most likely due to a 
thickemug of the subepithelial tissue. 

Both the blood values and the conjunctival biopsies confirmed the 
clinical picture of malnutrition and xerophthalmia in the 1 3  pupils 
of the Lokori Primary School mentioned above. 

table 2 1 .  Xerophthalmia in 5 Primary Boarding·Schools in Turkana. 

pupils examined ages Bitot's spots with rose bengal xeroph-
school visited S-14 years positive border positive rose bengal test 

thalmia 

boys girls total boys girls total boys girls total X-N + X-lA 

Kakuma l i S 43 158 4 I s 9 3 1 2  1 2  (1,5%) 

Kataboi 71 1 2  89 3 - 3 1 1  - 1 1  1 1  (12,4%) 

Lodwar 380 20 400 14 3 1 7  3 8  1 3  S i  S I  ( 12,1%) 

Low reo yak 61 23 90 s - 5 1 4  - 14 14 (15,5%) 

Lokori 

total 

1 5 1  80 231  1 2  4 1 6  42 IS 51 51 (5,9%) 

190 118 968 3H 8 46 (4,7%) 1 1 4 3 1  145 ( I S%) 145 ( I S%) 

Summarizing we found in the 5 Primary Boarding Schools in Tur
kana mentioned above - in a total of 968 pupils - 46 children ( 4,70/o) 
with Bitot's spots surrounded by a rose bengal positive zone. In total 
145 children (1 50/o) showed conjunctival xerosis, i.e. a positive rose 
bengal test; all 145 pupils proved to be night-blind on examination. 

Smoky pigmentation of the conjunctiva was observed in 788 of the 
968 pupils examined (8 1 ,40/o). 

In all 8 places in Turkana which we visited, we found cases of 
malnutrition, xerophthalmia and xerophthalmia scars. 

Conclusions: 

1 .  From this xerophthalmia tracing in  Kenya i t  appeared that both 
serious malnutrition and all stages of xerophthalmia occurred in 
the densely populated green fertile regions east of Lake Victoria, 
north-east of Nairobi and round Mount Kenya, as well as in the 
scarcely populated arid nomadic areas. As we saw these cases in 
nearly every place visited without previous notice, there is no 
reason to assume a pre-selection of patients and pure chance is 
out of the question. 
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" The 1 O/o rose bengal test proved to be very useful in screening 

large groups of children for slight conjunctival xerosis owing to 

vitamin A-deficiency. All children who showed a positive rose 

bengal test, proved to be night-blind on examination. 

3. We saw a few adolescents and adults with Bitot's spots without 
a rose bengal positive border. The test for night-blindness was 
negative in these cases. As discussed in chapter Ill, 4, these Bitot's 
spots are probably to be considered as xerophthalmia sequelae 
which are unresponsive to vitamin A treatment owing to irrever
sible local metaplasia of the underlying epithelium. 

4. There seemed to be a strong relation between the degree of smoky 
pigmentation of the conjunctiva and chronic malnutrition. 

Chapter Ill. 6 

MEASLES BLEPHARO- KERATO-CONJUNCTIVITIS 
IN WELL-NOURISHED KENYAN CHILDREN 

In order to gain a better understanding of the clinical proces of meas
les blepharo-kerato-conjunctivitis, we examined 1 40 clinically well
nourished Kenyan children with measles in 1 8  different Health Cen
tres in Kenya. They were between 1 and 5 years old, had a normal 
weight and height for their age and showed dense glossy black curly 
hair, a fine dark-brown gleaming skin and unpigmented conjuncti
vae. The fine maculo-papular rash was often hardly distinguishable 
and existed only for one to four days. All 140 chidren suffered from 
fever, a dry and hacking cough and coryza. 27 of them were admit
ted for broncho-pneumonia, pharyngo-tracheo-bronchitis or otitis 
media. The other 1 1 3  had no complications of any importance and 
were treated as Out-Patients. 

We observed the following: 
95 children did not show any ocular abnormality. The bright cor

neae and bright transparent unpigmented conjunctivae were not 
stain able by 1 Ofo fluorescein or 1 Ofo rose bengal. The pre-ocular tear
film, tear-film-breaking-up-time (BUT) and basic tear-production 
were normal. The fine mucous thread in the inferior fornix was 
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nicely stained by 1 °/o alcian blue. There was no trace of photophobia, 
itch, pain, blepharospasm, injection, oedema or discharge. 

The other 45 children showed a blepharo-kerato-conjunctivitis of 
varying seriousness, existing for several days. There was a striking 
inflammatory response in all 45 cases. All these children kept their 
eyes continually closed owing to photophobia and blepharospasm. 
They frequently rubbed their itching and painful eyes vigorously 
with dirty hands. The profuse tear-production and purulent discharge 
rendered the oedematous eyelids slippery. For these reasons careful 
attempts to open the eye manually failed in many cases and resulted 
only in partial eversion of the swollen eyelids. With the aid of lid
retractors made of paperclips, however, we could open all eyes wide 
enough for proper inspection. There was a marked chemosis of the 
tarsal and bulbar conjunctiva, especially of the semilunar fold and 
the caruncle. The eye and inner side of the eyelids had a deep red co
lour owing to gross dilatation of the conjunctival and episcleral ves
sels. The sensitivity of the cornea, lid-margins, caruncle and conjunc
tiva had considerably increased. On slit-lamp examination we found 
in all cases a diffuse micro-punctate corneal staining by 1 Ofo fluor
escein of varying density. 

The cornea was somewhat hazy due to stromal oedema. 
The pre-ocular tear-film had an oily appearance and contained 

many tiny particles. We could only measure the tear-film-breaking
up-time (BUT) after a single instillation of 0,20fo oxybuprocain. The 
BUT was shorter than 10  seconds at the first measurement already. 

The thick lumpy thread in the inferior fornix was well stained by 
1 Ofo rose bengal but hardly or not at all by 1 Ofo alcian blue. 

The ostia of the Meibomian glands seemed to be blocked and were 
depigmented and prominent. Manual expression of the contents of 
these glands, however, was easy and produced an opaque yellowish
white viscous substance similar to melting butter. 
2 children showed a Koplik's spot in the inferior fornix (Cf. Duke
Elder 1 965). 

In later studies of the conjunctival biopsies'=· we found large groups 

* from 10 of these 45 children. 
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of severely swollen epithelial cells with pycnotic nuclei, scattered 
through the thickened hyperplastic epithelium (see photos 25 and 26). 
The cell walls had disappeared completely in some places and the 
swollen cells had coalesced into large multinuclear giant cells. There 
were hardly any mucus-producing goblet cells. The subepithelial tis
sue was heavily infiltrated by lymphocytes and plasma cells. 

Epithelial scrapings of the cornea and conjunctiva•:-, conjugated 
with fluorescent anti-measles serum, showed on fluorescence micros
copy the same giant cell formation as the conjunctival biopsies. The 
cytoplasma and nuclei of these cell agglomerations and of the indivi
dual cells were chock-full of fluorescent antibodies against measles 
v1rus. 

5 days after inoculation of PBK•:-•:- cell cultures by the infected cor
neal and conjunctival epithelial scrapings, the cultures proved to be 
heavily infected by measles virus as well. On fluorescence microscopy 
we saw the same picture as that described above. 

Both the indirect conjugation with fluorescent anti-measles serum 
and the PBK cell culture turned out to be negative in 10  control scra
pmgs. 

Discussion: 

1 .  From these findings it appeared that only 45 out of 1 40 well
nourished Kenyan children with measles (320/o) suffered from 
blepharo-kerato-conjunctivitis. It should be stressed that the in
flammatory response was very striking in all 45 cases. The cli
nical picture of measles blepharo-kerato-conjunctivitis - espe
cially the severe photophobia, irritation, lacrimation, blepharo
spasm, chemosis and the diffuse micropunctate corneal staining 
by 1 OJo fluorescein - very much resembled the symptom complex 
of photophthalmia caused by ultra-violet rays (Cf Duke-Elder 
1973).  

2. On the basis of the findings in the conjunctival biopsies, the epi
thelial scrapings of the cornea and the PBK cell cultures, we 
may say that the multiple corneal erosions observed in measles 
kerato-conjunctivitis are due to a marked viral damage of the 
corneal epithelium. 

* from 15 of these 45 children. 
** Primary Baboon Kidney . 
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3. The corneal endothelium is possibly damaged by the measles 
virus as well and the stromal oedema may be due to the resulting 
reduced dehydrating capacity of the diseased endothelium (Cf 
Ehlers 1 966 ) .  

4.  The profuse tear-production owing to the increased activity of 
the lacrimal glands must be considered as a reflex-mechanism to 
the severe irritation. 

5. The oily appearance of the pre-corneal tear-film is probably due 
to the increased activity of the Meibomian glands which pro
ved to be chock-full of lipoid material on manual expression. 

6. Vital staining by 1 Ofo rose bengal and 1 Ofo alcian blue revealed 
that the thick lumpy thread in the inferior fornix consisted of 
pus cells, whereas the mucous fraction in it was negligibly small 
or even absent. Thus the so-called "muco-purulent" discharge in 
measles kerato-conjunctivitis appeared to consist of pus and 
hardly any or no mucus at all. 

7. This clinical finding was confirmed by the conjunctival biopsies 
which showed only very few mucus-producing goblet cells. The 
majority of the goblet cells had apparently lost their normal 
activity. 

8. These findings are in accordance with the deficient mucus-pro
duction of the goblet cells in the respiratory and digestive tracts, 
which causes the characteristic dry and hacking cough and diar
rhoea in measles patients (Scheifele and Forbes 1 973 ) . 

9. In other subacute conjunctival catarrhs the thickened hyperplas
tic epithelium is packed with well filled mucus-producing go
blet cells (Duke-Elder 1 965). In contrast with this, the mucus
production of the goblet cells of the clinically infected conjunc
tiva - and other mucous membranes - fails in case of measles. 

10.  The poor mucus-produ�tion and the diseased corneal epithelium 
are the cause of the deficient pre-ocular tear-film and short 
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BUT in measles kerato-conjunctivitis (Cf Lemp 1970). The 
profuse tear-production compensates for the failing mucus-pro
duction and keeps the eye moistened. 

1 1 .  The tiny particles in the pre-ocular tear-film were stainable by 
1 0/o rose bengal but not by 1 Ofo alcian blue. Therefore they ap
parently consisted of degenerating and dead epithelial cells. 

1 2. The giant cell formation in the corneal and conjunctival epithe
lium is in accordance with the giant cell formation in the respi
ratory and digestive tracts in measles patients (Scheifele and 
Forbes 1 973). 

13. The demonstration of measles virus in the epithelial scrapings 
of the cornea and conjunctiva by indirect conjugation with flu
orescent anti-measles serum and by PBK cell culture, is in ac
cordance with the findings of Suringa and others (1970) who 
have shown that the giant cells excreted from the naso-pharynx 
in measles patients contain virus particles. 

14 .  The profuse tear-production affords at least some degree of pro
tection as it enables a reasonable oxygenation and excretion of 
carbon dioxyde of the diseased cornea. The bactericidal lysozym 
in the pre-ocular tear-film probably attributes considerably in 
preventing serious secondary infection with complications 
which are extremely rare in well-nourished children. 

1 5 .  I t  should be stressed that the 1 °/o rose bengal test was negative 
in all 140 cases. This means that extensive keratinization and 
desquamation of the superficial layers of the conjunctival epi
thelium - which occur in conjunctival xerosis owing to vitamin 
A-deficiency - do not appear in measles kerato-conjunctivitis 
in well-nourished children (Cf. Norn 1972). 
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This is the most important point in the differential diagnosis of 
measles kerato-conjunctivitis in malnourished cq. vitamin A-de
ficient children. 



Chapter Ill. 7 

SEVERE XEROPHTHALMIA IN 34 MALNOURISHED 
HOSPITALIZED KENYAN CHILDREN. 

As incidentally mentioned in chapter Ill. 5, we saw 34 severe cases 
of xerophthalmia in malnourished, recently hospitalized Kenyan 
children in the following 8 places : Bungoma (3), Eldoret ( 1 )  Kaka
mega (2), Kitale ( 1 ), Maua (22), Meru (3), Mumias (1 ), and Nakuru 
( 1 )  (see table). None of these children suffered from measles. We 
visited the Maua Methodist Hospital 3 times and worked in this 
place for one month, whereas we could only pay one visit of short 
duration to the other 7 hospitals. This explains why we found so 
many cases in Maua compared to the other 7 places. 

General findings: 

On the basis of our physical examination including anthropometric 
measurements (see II, 7) we concluded the following: 

33 of the 34 children - 19 boys and 1 5  girls between 5 months and 
9 years old - suffered from protein-calorie malnutrition (PCM). 7 
boys and 1 girl (between 5 months and 4 years old) suffered from 
kwashiorkor, 7 boys and 9 girls (between 6 months and 9 years old) 
from marasmus and 4 boys and 5 girls (between 5 months and 6 years 
old) from marasmic-kwashiorkor. One child showed PCM degree I ,  
8 children PCM degree II and 24 PCM degree Ill. 

The poor nutritional and vitamin A status of these 34 patients are 
confirmed by the results of the analysis of their blood samples. 

28 children had broncho-pneumonia, 24 gastro-enteritis, 1 9  pha
ryngo-tonsillitis, 1 4  otitis media, 25 stomatitis, 2 1  a purulent rhinitis 
and 1 6  children had fever (from 3 8° to over 41 ° Centigrade). All 
34 were anaemic. 

Ocular findings: 

1 .  Conjunctival xerosis (X - lA) : 34 cases. 
All 34 children showed conjunctival xerosis in both eyes, more or 

less intensely stained by 1°/o rose bengal. The extent of the stained 
area varied from a smaller or larger triangle on one or both sides of 
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grade I 

grade 1 1  

grade Il l 

grade IV 

Diagram showing the various degrees of rose bengal staining of the xerotic 
conjunctiva of the right eye (X-lA.) The greasy Bitot's spots are not stainable 
by 1 %  rose bengal but they are surrounded by a rose bengal positive zone of 
conjunctival xerosis. Note the similarity with the various degrees of smoky pig
mentation of the conjunctiva (see Ill. 4, fig. 2). 

the cornea (grade I) to staining of the whole bulbar and tarsal con
junctiva and cornea (grade IV). The 4 grades of rose bengal staining 
in xerophthalmia are shown in the diagram and the photos 2, 3, 4, 
14,  1 5  and 1 8. This grading is to be compared with the grading of 
the fine granular, smoky pigmentation of the conjunctiva as shown 
in figure 2 in chapter Ill, 4 (Cf. photos 1 3  and 14 ) . 
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2. Bitot's spots (X - 1B) : 1 case. 
Only one child, a girl of 5 years old, showed Bitot's spots surroun

ded by a rose bengal positive zone. 

3. Corneal xerosis (X - 2) : 1 9  cases. 
7 boys and 5 girls (between 5 months and 9 years old) showed 

corneal xerosis in both eyes. 3 boys and 4 girls (between 7 months 
and 7 years old) had xerosis corneae in one eye and only conjunctival 
xerosis in the other eye. The cornea wa-s completely dry and hazy in 
these X - 2 cases and showed a diffuse patchy staining by 1 Ofo fluor
escein and 1 Ofo rose bengal. This staining, however, was hardly visible 
to the unaided eye in most cases because of the low contrast with the 
dark-brown iris. 

4. Corneal xerosis (X - 3A) : 1 1  cases. 
A 4-year-old girl (no. 243) had large corneal erosions in both eyes 

(see photo 1 7) .  6 boys and 4 girls (between 7 months and 31/2 years 
old) had a smaller or larger corneal erosion in one eye and only cor
neal xerosis in the other eye. In 9 cases these erosions which were in
tensely stained by 1 °/o fluorescein, were situated in the lower part of 
the cornea, in 2 cases in the upper part. The 1 °/o rose bengal staining 
of the erosions was hardly visible to the unaided eye because of the 
low contrast with the dark-brown iris. 

5. Corneal ulceration and keratomalacia (X - 3B) : 4 cases. 
A 16-month-old boy (no. 280) had a large corneal ulcer and 

hypopyon in the right eye, and a greyish-white cornea with a trans
parent peripheral zone and a hypopyon in the left eye (Cf. photos 21  
and 22) .  A girl of 2 (no. 1 20) showed an iris-prolaps (myocephalon) 
in the left eye and a bluish opaque desquamating cornea in the right 
eye (see photos 19 and 20). 2 boys of 12  and 1 6  months old (no. 91  
and 99) showed a large Descemetocele in  one eye and only corneal 
xerosis in the other eye. 

In these X - 3B cases the opaque greyish-white oedematous cornea 
was intensely stained by 1 °/o fluorescein, especially the part around 
the defect. The iris knuckle and Descemetocele, however, were hardly 
stained by 1 Ofo fluorescein or 1 °/o rose bengal on slit-lamp examina
tion. Greasy and foamy - sudan Ill positive - flakes of desquamated 
epithelium adhered to the cornea, conjunctiva and eyelids. 
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Discussion: 

1 .  As the children were very ill, we could not test them for night
blindnes-�. 

2. In all 34 cases the lack of an adequate inflammatory response 
was very striking. There was no trace of photophobia, blepharo
spasm, eyelid oedema or lacrimation. The sensitivity of the cor
nea, lid margins, caruncle and conjunctiva had considerably 
decreased or was even absent. There was no dilatation of the 
conjunctival and episcleral vessels which were hardly visible 
through the opaque oedematous conjunctiva in many instances. 
This rendered to the eyes a death-like glassy appearance (Cf. 
doll's eyes). There was only a minimal greasy or foamy dis
charge. 

3 .  In all cases of pure conjunctival xerosis in one eye, the pre-ocu
lar tear-film was deficient, as the tear-film-breaking-up-time 
(BUT) was shorter than 1 0  seconds at the first measurement al
ready. The tear-film contained many rose bengal positive par
ticles on slit-lamp examination. 

4. In the other cases (X-2, X-3A and X-3B) the basic tear-produc
tion and pre-ocular tear-film were lacking (Schirmer's test nega
tive). Some of these children did not produce any tears on 
crying. In those who weeped with profuse lacrimation, the wa
ter-repellent cornea and conjunctiva fell dry immediately after 
the child stopped crying. 

5 .  A few children showed an extremely thin, short, segmented mu
cous thread in the inferior fornix, which was hardly stainable 
by 1 Ofo alcian blue (Cf. photo 1 2) .  In the majority of the cases 
the mucous thread was lacking. 

6. 1 0  children had depigmented, prominent, obstructed ostia of the 
Meibomian glands. Forceful manual expression of the contents 
of these glands produced only - rose bengal positive - epithelial 
plugs which kept the ostia blocked like corks in a bottle (Cf. 
photos 23, 3 8  and 39). 

7 . In many cases the hair follicles of the ciliae and those on the 
caruncle were depigmented and prominent owing to obstruction 
of the sebaceous glands (Cf. photo 8) .  
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8. The maJonty of the children had dull, depigmented, easily 
pluckable, scanty, brittle, long, straightened lashes which were 
unequal in length and out of alignment. 

9.  All 34 children showed a fine ganular, smoky pigmentation of 
the conjunctiva: 1 1  grade II2-3, 16 grade III2-3 and 7 grade IV3• 

10 .  The intensity of the 1 Ofo rose bengal staining varied considerably 
in the 1 5  X-3 cases. Most likely this watery dye solution did not 
adhere sufficiently to the greasy water-repellent conjunctiva and 
cornea to provide a proper staining. In one case the water-repel
lent eye even "spat out" the drop of dye repeatedly on the lower 
eyelid. 

1 1 .  In later studies of the conjunctival biopsies'� we did not find any 
mucus-producing goblet cells. The superficial cell layers were 
keratinized and formed desquamating lamellae devoid of nuclei. 
The epithelium was not thickened, in many instances even very 
thin, the keratinized cell layers with flattened nuclei laying di
rectly on the degenerated basic cell layer without transitional 
cells in between. There was melanine pigment scattered through 
the whole epithelium, in the dendritic cells and in caps at the 
distal pole of the nuclei of the other epithelial cells (Cf. photos 
28 ,  29 and 30). Thus these biopsies confirmed the clinical picture 
of xerophthalmia. 

Therapy: 

All 23 children received a single massive dose of vitamin A-palmi
tate in oil, administered by mouth : 1 00.000 IU under the age of 1 
year, 200.000IU between 1 and 6 years and 300.000 IU over 6 years. 
In case of severe gastro- enteritis and stomatitis we added an intra
muscular injection of 1 00.000 IU vitamin A in oil, given in the but
tock. Unfortunately we did not have ampoules with viamin A in 
water at our disposal. This preparation is to be preferred because of 
a quicker and better release from the depot in the gluteal muscles 
resulting in a higher blood level (Mc.Laren, Olson, Oomen). 

1 Ofo Terramycin eye ointment was applied 4 times daily, 1 Dfo 
atropine eye ointment once daily. An eye-cap and arm-sheets were 
given to prevent more - self-inflicted - damage to the cornea. A diet 

* from 10 of these 34 children. 
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with a high protein content was included in the routine therapy of 
the underlying diseases. 

Clinical progress: 

We had the opportunity to follow the 22 xerophthalmia patients in 
the Maua Hospital. 2 boys and 6 girls (between 6 months and 21/2 
years old) died within a few days after admission. The other 14  
children showed a prompt positive response to the instituted therapy. 
Except for the 1-year-old boy (no. 91 )  with a large Descemetocele in 
the right eye, all children showed normal eyes within 5 to 7 days: 

The conjunctival xerosis had disappeared and the conjunctival 
vessels were distinctly visible again. The 1 °/o fluorescein and 1 °/o rose 
bengal test were now negative in all 1 4  children. None of them pro
ved to be night-blind on examination. All 1 4  had a normal pre-ocu
lar tear-film, BUT and mucous thread in the inferior fornix, which 
was nicely stainablc by 1 Ofo alcian blue. 

The conjunctival biopsies showed this time numerous mucus-secre
ting goblet cells. The epithelium was still thin in many instances but 
no longer keratinized and desquamating and contained many oval
shaped nuclei (Cf. photo 31  ) .  

Thus the striking clinical improvement on the vitamin A and other 
therapy was confirmed by vital staining and conjunctival biopsies. 
The prompt positive response in all 14 children indicates that a quick 
sufficient absorption of the massive oral dose of vitamin A is even 
possible in case of severe gastro-enteritis. 
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Chapter I !I. 8 

MEASLES KERATO-CONJUNCTIVITIS IN COMBINATION 
WITH XEROPHTHALMIA IN MALNOURISHED 

HOSPITALIZED KENYAN CHILDREN. 

As incidentally mentioned in chapter III,5, we examined 234 mal
nourished Kenyan children suffering from measles kerato-conjuncti
vitis in 23 different hospitals. 

We had the opportunity to perform a general physical examination 
including anthropometric measurements in 5 1  cases, recently hospita
lized in the following 6 places: Eldoret ( 1 ) ,  Lokori (2), Maua (35), 
Meru (4), Nairo!Ji (6) and Nakuru (3) (see table). 

General findings: 

All 5 1  children - 34 boys and 1 7  girls between 5 months and 14  
years old - suffered from protein-calorie malnutrition (PCM). A boy 
of 1 6  months old and 2 girls of 1 7  months and 21/2 years old suffe
red from kwashiorkor, 29 boys and 9 girls (between 5 months and 14  
years old) from marasmus and 4 boys and 6 girls (between 7 months 
and 4 years old) from marasmic-kwashiorkor. 1 1  children showed 
PCM degree I, 1 8  PCM degree II and 22 PCM degree Ill. 

The poor nutritional and vitamin A status of these 51 children are 
confirmed by the results of the analysis of their blood samples. 

49 measles patients had broncho-pneumonia, 30 gastro-enteritis, 29 
pharyngo-tonsillitis, 23 otitis media, 31 stomatitis, 49 a purulent 
rhinitis and 41 children had fever (from 38° to over 41 ° Centigrade). 
43 patients were anaemic. All children showed a more or less distinct 
fine maculo-papular rash, 9 patients had an extensive haemorrhagic 
rash and 7 children had Koplik's spots in the mouth. 

Ocular findings: 

1 .  Conjunctival xerosis (X-1A) : 5 1 cases. 
All 5 1  children showed conjunctival xerosis in both eyes, more or 

less intensely stained by 1 Ofo rose bengal. The extent of this staining 
varied from grade I to grade IV (see Ill, 7). In most instances there 
was a patchy staining of the conjunctiva (see photos 8 and 9). 
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2. Bitot's spots (X-1B) were not observed in these children. 
3. Measles kerato-conjunctivitis and conjunctival xerosis (X-1A) : 
1 7  cases. 

1 1  boys an 6 girls (between 1 1  months and 10 years old) showed a 
diffuse micro-punctate corneal staining by 1 °/o fluorescein and rose 
bengal of varying density, and the patchy rose bengal staining of the 
conjunctiva mentioned above. 8 children had a haemorrhagic con
junctivitis (Cf. photos 1 1  and 1 2) .  
4 .  Measles kerato-conjunctivitis and corneal xerosis (X-2) : 17 cases. 

9 boys and 3 girls (between 7 months and 4 years old) showed cor
neal xerosis in both eyes. 2 boys and 3 girls (between 8 months and 
9 years old) had corneal xerosis in one eye and conjunctival xerosis 
(X-1A) in the other eye. The bluish, hazy, oedematous cornea was 
completely dry in these X-2 cases and showed a diffuse patchy and 
micro-punctate staining by 1 Ofo fluorescein and rose bengal. 5 child
ren had a haemorrhagic conjunctivitis. 
5 .  Measles kerato-conjunctivitis and corneal erosion (X-3A) : 1 2  
cases. 

1 boy and 3 girls (between 5 and 21 months old) showed smaller 
or larger corneal erosions in both eyes. 7 boys and 1 girl (between 5 
months and 1 4  years old) had a corneal erosion in one eye and cor
neal xerosis (X-2) in the other eye. In all 12  cases the erosions which 
were intensely stained by 1 °/o fluorescein, were situated in the lower 
part of the cornea. 
6. Measles kerato-conjunctivitis and corneal ulceration c.q. kerato
malacia (X-3B) : 5 cases. 

A boy of 4 (no. 78) had a large corneal ulcer and hypopyon in the 
right eye and a myocephalon in the left eye. A 21/2-year-old girl (no. 
326 t) had large corneal ulcers and a hypopyon in both eyes. A boy 
of 8 months old (no. 1 25 t)showed a dry white cornea in the right 
eye - mummification - and a corneal erosion (X-3A) in the left eye. 
A boy of 14 (no. 286) had a corneal ulcer in the right eye and a large 
erosion (X-3A) in the left cornea. A 7-month-old boy (no. 1 96) sho
wed a very deep large corneal ulcer and a hypopyon in the right eye 
and corneal xerosis (X-2) in the left eye (see photos 23 and 24). In 
all these 5 X-3B cases the greyish-white, opaque, oedematous cornea 
was intensely stained by 1 Ofo fluorescein, especially around the cor
neal defects. 
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Discussion: 

1 .  As the children were very ill, we could not test them for night
blindness. 

2. All 5 1  children presented a purulent discharge indicating secon-
dary infection. 

3. The inflammatory response was, however, strikingly mild in all 
5 1  cases, even in the 1 7  children with serious damage to the cor
nea (X-3A and X-3B). The clinical picture in these malnourished 
Kenyan children was in no respect similar to the symptoms com
plex of measles blepharo-kerato-conjunctivitis in well-nourished 
Kenyan children (see Ill, 6). 

4. The thick, Lumpy thread in the inferior fornix was very well stai
ned by 1 Ofo rose bengal but hardly or not at all by 1 Ofo alcian 
blue. Apparently this thread consisted of desquamated epithelial 
cells and pus cells, and contained only a negligible amount of 
mucus or no mucus at all. 

5. The remarks made in chapter Ill, 7 on the pre-ocular tear-film, 
BUT, basic tear-production, lacrimation, Meibomian ostia, seba
ceous glands on the caruncle and those of the ciliary hair follicles, 
lashes, smoky pigmentation and rose bengal staining of the con
junctiva, hold for all these 5 1  measles patients as well. 

6. In later studies of the conjunctival biopsies'' we found no mucus
producing goblet cells. There was gross destruction of the thin, 
keratinized, desquamating epithelium, with giant cell formation 
and epithelial and subepithelial infiltration of lymphocytes and 
plasma cells. The basement membrane was disrupted in many in
stances (Cf. photo 27) . 

7. Fluorescence microscopy of epithelial scrapings of the cornea and 
conjunctiva'�':· conjugated with fluorescent anti-measles serum, 
showed giant cell formation. Both the cytoplasma and the nuclei 
of these giant cells and of the individual cells proved to be chock
full of fluorescent antibodies against measles virus. 

8. PBK'''''' cell cultures appeared to be heavily infected by measles 
virus as well, 5 days after inoculation by the scrapings of the 
diseased corneal and conjunctival epithelium of our measles pa
tients. 

• from 13 of these 51 children. 
"'* from 22 of these 51 children. 
"'** Primary Baboon Kidney. 
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Therapy: 

All 5 1  children received a single oral dose of vitamin A palmitate: 
100.000 IU under the age of 1 year, 200.000 IU between 1 and 6 
years, and 300.000 IU over 6 years. In case of severe gastro-enteritis 
and stomatitis we added an intramuscular injection of 100.000 IU 
vitamin A in oil, given in the buttock. 

1 Ofo Terramycin eye ointment was applied 4 times daily, 1 Ofo atro
pin eye oinment once daily. An eye-cap and arm-sheets were given to 
prevent more self-inflicted damage to the cornea. A diet with a high 
protein content was included in the routine therapy of the underlying 
diseases. 

Clinical progress: 

We could follow the 35 patients in the Maua Hospital and the 7-
month-old boy in the Measles Clinic in Nairobi. 2 boys of 8 and 1 7  
months old expired within 2 days after admission. 

The 4-year-old boy in Maua with X-3B in both eyes (no. 78) deve
loped bilateral adherent leucomata after corneal perforation. The 
7-month-old boy in Nairobi (no. 196) developed a keratectasia and a 
double myocephalon in the right eye, whereas the left eye healed 
completely. 

All the other 32 children showed normal eyes again within 7 to 10  
days after therapy. The corneal erosions healed without scar .The 
1 °/o fluorescein and rose bengal test had become negative in all 34 
cases. None of the children was night-blind on examination. All 34 
had a normal pre-ocular tear-film, BUT and mucous thread in the 
inferior fornix, which was nicely stainable by 1 Ofo alcian blue. 

The conjunctival biopsies showed this time numerous mucus-secre
ting goblet cells. The still thin epithelium was no longer keratinized 
and desquamating, and contained many well-shaped nuclei (Cf. 
photo 3 1 ). 

Thus the striking clinical improvement on the vitamin A and other 
treatment was confirmed by vital staining and conjunctival biopsies. 

Unfortunately we saw 4 malnourished children - 2 boys of 9 and 1 0  
and 2 girls o f  21/2 - with measles kerato-conjunctivitis i n  combination 
with severe xerophthalmia, who lost one eye. They had been admit-
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ted with corneal ulcers and a hypopyon in both eyes and had recei
ved the same routine therapy as our 5 1  measles patients but no vita
min A preparation. 

These 4 cases, many pupils of the 7 blind schools (see Ill, 1 0) and 
the people with corneal scars owing to measles in combination with 
severe xerophthalmia (see Ill, 1 1 ) illustrate the essential role of a 
massive dose of vitamin A - administered by mouth and parenteral
ly - in the routine therapy of malnourished, vitamin A deficient 
measles patients. 

The majority of the other 1 83 malnourished Kenyan children with 
measles, which we examined in 23 different hospitals, showed the 
clinical picture of measles kerato-conjunctivitis in combination with 
conjunctival xerosis (X-lA) described above. 46 children showed 
a haemorrhagic conjunctivitis, 5 children had a typical bilateral 
herpes simplex keratitis. The denditric ulcers in the cornea were in
tensely stained by 10/o fluorescein (see photo 1 6). 

All 234 malnourished measles patients suffered from a kerato
conjunctivitis with purulent discharge. All 234 received a mass1ve 
oral dose of vitamin A. 
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MEASLES KERATO-CONJUNCTIVITIS IN COMBINATION ' 

protein-calorie 
malnutrition 
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Maua 78 M 4 1 1 ,2 III + + + + + + + 
Maua 82 F 16/12 8,6 II + + + + + + + 
Maua 88 M 4 1 2,6 II + + + + + + 
Maua 89 M 1 5,4 III + + + + + 
Maua 90 M 19/12 9,0 II  + + + + + 
Maua 92 F 1 4,5 III + + + + + + + + 
Maua 93 M 9 20,7 II + + + + + 
Maua 94 F 3 lh  1 3,0 I + + + + + + + 
Maua 95 M 8112 5,9 I I  + + + 
Maua 97 M 3 lh  1 3,5 I + + + + + 
Maua 100 M 4 1 3,2 II + + + + + + 
Maua 101 M 1 6,8 III + + + + + + + 
Meru 106 M 1 1112 5,4 III  + + + 
Meru 109 F 4 9,0 III + + + + + + + 
Meru 110 M 9112 4,0 III  + + + + + + 
Meru 111 M 1 1112 6,3 III + + + + + + 
Maua 114 M 9/12 6,2 II + + + + 
Maua 115 F 2 6,8 III + + + + + + 
Maua 116 F 6lh 1 3,5 Ill  + + + + + + 
Maua 117 M 17/12 8,6 I I  + + + + 
Maua 118 F ll/12 7,2 II + + + + 
Maua 121 F 3 1 0,2 II  + + + 
Maua 122 F 1 lh  6,8 III + + + + + + 
Maua 123 M 1 0  1 4,4 III + + + + + 
Maua 125 M 8/12 5,6 III + + + + 
Maua 127 M 5 1 2,1  III + + + + + + 
Maua 128 M 3 9,9 III + + + + 
Maua 129 t M 17/12 8,1 I + + + + + + + 
Maua 130 M 3 1 0,8 II + + + + + 
Maua 131 M 9/12 5,4 III + + + + + + 
Maua 132 F 1i/12 1 1 ,7 I + + + + + + + 
Maua 134 M 2 112 1 0,4 I I  + + + + + + 
Maua 137 M 7/12 5,0 III + + + + + 
Maua 138 M 7 19,0 II + + + 
Maua 139 F 21/12 5,8 III + + + + + + 
Maua 140 M 10/12 7,6 I + + + + + 
Maua 142 M 2 lh  1 0,8 I + + + + 
Maua 143 F 5/12 5,4 I + + + + + 
Maua 144 F 25/1 2 9,9 II  + + + + + + 
Nairobi 196 M 7/12 4,8 III + + + + 
Eldoret 281 F 8/12 6,7 I + + + + 
Nakuru 283 M 1 7,4 I + + + + + + 
Nakuru 284 M i/12 6,2 II + + + + + 
Nakuru 285 F 15/12 7,2 III + + + + + 
Lokori 286 M 1 4  1 5,7 III + + + + + + + 
Lokori 287 M 1 2  2 1 ,3 I + + + + + 
Nairobi 326 t F 2 lh 9,6 II  + + + + + + + 
Nairobi 328 M 15/12 8,3 II + + + 
Nairobi 329 M 1 1/12 6,8 I I  + + + + + + + 
Nairobi 330 F 3 9,8 III + + + + + + 
Nairobi 331 M 16/12 8,7 I + + + 

") 2 plus signs me;�n the same affection in both eyes. 



.OPHTHALMIA IN 51 MALNOURISHED HOSPITALIZED KENYAN CHILDREN 
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+ +  9 33 5,8 2,32 0,29 0,45 0,52 1 , 1 3  0,67 1 ,2 78 
+ + - 7,5 53 6,8 2,65 0,47 1 ,76 0,68 1 ,08 0,64 1 7  82 
+ + - 1 0  4 5  7,6 3,19 0,38 0,38 0,60 1 ,44 0,72 1 2,9 1 5,5 88 
+ + - 8,5 38 7,5 3,1 5 0,30 0,82 0,45 1 ,95 0,72 5,8 1 4  89 
+ + - 9 42 6,1 2,92 0,30 1 ,22 0,67 0,85 0,92 8,6 20 90 
+ 9,5 41 5,7 2,73 0,22 1 ,1 9  0,39 1 ,02 0,92 10,3 3 1 ,5 92 
+ - 9,5 5 1  6,6 3,36 0,26 1 ,25 0,59 0,99 1 ,04 15,1  16 93 

8 43 5,5 2,42 0,22 0,71 0,71 1 ,26 0,79 12,7 43 94 
+ - 1 0  38 6,2 2,48 0,55 1 ,48 0,74 0,80 0,65 5,3 8 95 

+ + - 9,5 43 7,2 3,52 0,21 0,93 0,72 1 ,65 0,96 1 2,1 25 97 
8 46 6,6 2,65 0,43 1 ,59 0,49 0,98 0,67 1 2  0,6 23 100 

+ + - 9 45 6,3 2,79 0,33 1 ,47 0,48 0,95 0,79 4 1 ,2 1 4  101 
1 1  40 6,8 3,01 0,39 1 ,30 0,55 1 ,06 0,79 3,0 28,5 106 

+ + 9 38 4,2 1 ,77 0,39 1 ,09 0,3 1 0,46 0,73 1 2  2,1 1 1 ,5 109 
+ + 1 0  44 6,0 2,88 0,29 1,28 0,52 0,77 0,92 1 3  2,4 32 110 

+ + - 8 33 7,6 2,66 0,53 1 ,67 0,60 1 ,97 0,54 1 1  1 1 ,0 1 4  111  
+ + 9,5 39 7,7 3,31 0,38 1 ,54 0,61 1 , 1 5  0,75 5 8,6 1 8  114 
+ 9 43 8,4 3,38 0,82 2,03 0,60 1 ,19 0,67 1 3  2,4 23 115 

8,5 46 8,8 2,93 0,80 2,20 0,73 1 ,48 0,50 1 0  7,7 9 116 
8 32 8,4 2,61 0,44 1 ,01 0,84 2,80 0,45 3 3,9 30 117 

1 0  4 5  6,4 2,41 0,46 1 ,3 8  0,47 1 ,68 0,60 6 8,6 6 118 
1 0,5 38 6,5 2,73 0,46 1 ,27 0,58 1 ,46 0,79 7 6,6 8 121 
10 44 6,8 2,82 0,41 1,48 0,48 1 ,61  0,71 4 9,5 1 4  122 
10,5 42 8,4 3,64 0,45 1 ,30 0,67 2,34 0,76 9 8,1 1 8  123 

+ + 9,5 39 5,8 2,43 0,52 0,98 0,52 0,8 1  0,72 3 6,9 1 4  125 
+ + 9 5 1  5,8 2,55 0,29 1 ,35 0,43 0,81 0,78 7 7 127 

+ +  1 0  3 5  6,8 3,06 0,54 1 ,22 0,47 1 ,42 0,85 10 1 1 ,2 7 128 
+ + 9 42 8,0 3,12 0,64 1 ,36 0,80 1 ,84 0,64 4 6,0 5 129 
+ + 9,5 44 8,6 2,92 0,86 2,32 0,5 1 1 ,29 0,5 1 3 7,9 9 130 
+ + 1 0,5 3 8  4,7 2,16 0,47 0,94 0,28 0,51 0,92 4 6,5 1 8  131 

+ + - 1 0  4 3  6,2 2,48 0,43 1 ,24 0,68 1 ,24 0,67 4 7,7 1 7  132 
9 46 3,0 1 ,05 0,29 0,76 0,33 0,57 0,54 8 6,5 1 1  134 

- + + - 1 1  40 137 
- - - 1 2  4 1  138 
- + +  10,5 37 139 

+ + - 1 0  42 140 
+ + 1 1  44 142 
- + +  1 1 ,5 45 143 

+ + - 10 47 144 
+ - + 1 0,5 40 9,0 3,15 0,5 1 ,8 0,9 2,07 0,54 5 3,4 39 1 3 8  196 
- + + - 8 40 6,2 2,8 1 0,36 1 , 1 9  0,53 1 ,03 0,83 4 1 2  1 3  281 

1 1  34 6,0 2,90 0,41 1 ,06 0,59 0,74 0,94 3 4,6 9 283 
+ + - 1 4  43 5,2 2,20 0,29 1 ,27 0,40 0,77 0,73 2 4,6 21  284 

+ 1 3  41 6,2 3,35 0,30 1 ,08 0,45 0,76 1 , 1 8  4 9,7 25 98 285 
+ + 16 47 6,2 1 ,57 0,42 1 ,6 1  0,43 2,17 0,34 8 2,9 6 286 

1 5  44 7,4 3,87 0,56 0,70 0,79 0,88 1 ,10 6 7,9 23 287 
+ +  7 36 326 

1 4  3 8  4,6 2,48 0,23 0,87 0,41 0,32 1 , 1 7  3 1 ,2 36 328 
1 3  40 5,0 2,45 0,30 1 , 1 0  0,30 0,50 0,96 3 1 ,2 1 9  329 
1 3,5 41 3,3 1 ,8 1  0,1 3  0,72 0,19 0,29 1 ,2 1  7 8,2 22 32 330 
H 45 4,4 2,24 0,22 0,96 0,26 0,44 1 ,03 8 3,2 38 331 



Diagram of the RBP se
rum levels of 56 healthy 
Dutch children (2-15 years 
old) and 84 Kenyan xer
ophthalmia patients (0-14 
years old) compared with 
the RBP level of a serum 
pool from 200 healthy 
Dutch adults. This stan
dard - 100% RBP - contai
ned 76,3 ,ug% RBP. The 
mean RBP value for the 
Dutch children is 53,2%, 
i.e. 40,6 ,ug% . The mean 
RBP value for the 81 
Kenyan xerophthalmia pa
tients - the 3 outliers being 
excepted - is 19,2%, i.e. 
14,6 ftg%. The dotted are
as cover twice the stan
dard deviation. 
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Chapter I /1. 9 

PAEDIATRIC FILES IN THE MAUA HOSPITAL 

Maua is a larger village situated about 85 km north-east of Mount 
Kenya in the Nyambeni Hills. It is the main centre of this very 
green and fertile area. The mean annual rainfall here is adequate 
(about 1 700 mm). Maua has a large hospital and a training school 
for nurses supported and run by the Methodist Mission. We have 
had the opportunity to work in this hospital for one month. 

Many of the neighbouring people work on the coffee, tea and 
maize plantations on the slopes of the Nyambeni Hills. About half 
of the children attend a school. Neither for the parents nor for the 
young is much time left to care for their own shambas'�. Food is 
mostly bought and vitamin A or - precursors are relatively scarce. 

Moreover there are still many taboos in this region, for instance: 
"meat causes worms in young children; eggs make young girls 
sterile; green leaves are for the goats; when pregnant again, a mo
ther must immediately stop breast-feeding". 

Many babies only 6 to 9 months old are weaned on starchy foods 
(yams and •bananas) and keep that diet for many months. Later on 
their diet often consist� mainly of white maize preparations (Zea 
mays L indentata alba) which contain no appreciable amount of 
caroteno!ds (FAO 1 954). 

For these reasons malnutrition is a major Child Health Problem 
in this area. 

We scrutinized the files of 1434 children (715 boys and 719  girls) 
admitted to Maua Hospital from 1 January 1973 to 1 May 1 974, 
with a special eye on measles, malnutrition and blindness. The ages 
of these children ranged from a few days to 14 years. 

We found the following information in their files (see table 1 ) :  
1 .  The overall mortality was 357  out of 1 434 (24,9%). 81% of the 
deceased children were between a few days and 21/2 years old. 

2. Malnutrition: 359 (25%) were admitted for various forms of 

•:• shamba = field. 
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serious malnutrition. Their ages ranged from a few weeks to 1 0  
years. 72'0/o were between 1 1/2 and 3 years old. 

3. Measles: 238 (16,6°/o) were admitted for severe measles with com
plications :  pharyngo-tonsillitis, laryngo-tracheo-bronchitis, bron
cho-pneumonia, otitis media, gastro-enteritis or encephalitis. The 
age distribution of measles was :  about 16'% in the first year, 77% 
between 1 and 5 years and 7% over 5 years. The oldest child with 
measles was 1 1  years. There was no age peak in the group from 1 to 
5 years. Measles occurred the whole year round but most admissions 
for measles were during the first three months of the year, after the 
rainy season. Of all measles cases 25 ( 10,5°/o) developed serious eye 
lesions. The mortality in this group of 238 patients was 25%. 

4. Presumed xerophthalmia: 53 (3,7%) developed a serious affection 
of the cornea, usually bilaterally. The ages of these 3 1  boys and 22 
girls ranged from 6 months to 1 3  years (see table 2) . 5 children had 
only one eye affected. 

3 children had been admitted for their eye affection, the other 
50 for their bad general condition. These 50 had developed the eye 
lesions after admission. 

All 53 were in a critical nutritional condition, 19 (36%) suffered 
from kwashiorkor or marasmus. 

All 53 suffered from serious respiratory infections and/or severe 
gastro-enteritis. 25 of them (470fo) had florid or recently healed 
measles. 4 suffered from pulmonary tuberculosis, 3 from chicken
pox, 2 from whooping cough. In the remaining 19 cases the main 
diagnosis was not clear. Most children suffered from anaemia (Hb 
between 4 and 8 g 0/o), presented a swollen abdomen and passed 
many ascaris worms after vermicidal therapy. 

19 of these 53 children (36°/o) expired in the hospital. 13 of these 
1 9  were younger than 1 year; 4 were older than 7 years. These 4 
boys of 8, 9, 1 0  and 1 3  suffered from pulmonary tuberculosis. 

The other 34 children (640fo) were discharged, partially or com
pletely blind, with extensive scarring of their corneas. 

On the basis of the clinical picture as described in the files and 
the progression of the corneal affection, it seems likely that these 
53 children had fallen victim to severe xerophthalmia cq. kerato-
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malacia. As the hospital staff did not recognize this disease as xer
opthalmia, this diagnosis was not mentioned in the files. In most 
cases there was no consistent ocular diagnosis at all. The local the
rapy which consisted of the application of 1 Ofo Achromycin eye
ointment 4 times daily, seemed to have been of no use in most cases 
(Cf. Qw!n� 1 964). Though many patients received sulfa by mouth 
and penicillin intramuscularly, no extra vitamin A had been given. 

table 1. Paediatric files in Maua Hosp:tal from 1 -1-'73 to 1-V-'74. 

number of admissions 1 434 ( 100 %) 0- 1 4  years old 

malnourished 359 ( 25 %) 72% P/2-3 years old 

severe measles 238 ( 1 6,6%) 77% 1 -5 years old 

xerophthalmia: X-3A and X-3B 53 3,7%) 6 months-1 3  years old 

gonoblennorrhoea 3 0,2% )  4 days, 9 days, 2 months old 

died 357 ( 24,9 %) 8 1 %  0-21/2 years old 

table 2. Presumed xerophthalmia c;::ses in Maua 
Hospital from 1-1-'73 to 1 -V-'74. 

age distribution 

6-1 2  months 1 7  ( 32%) 

1 -3 years 2 1  ( 40% ) 

4-7 years 1 1  ( 2 1  %) 

8- 13  years 4 ( 7 % )  

total X 3 A  + X3B 53 ( 100%) 

PCM 53 (100%) 

respiratory infection 53 ( 100%) 

gastro-enteritis 37 ( 70%) 

severe measles 25 ( 47% )  

pulmonary tuberculosis 4 ( 7%) 

chicken-pox 3 ( 6%) 

whooping cough 2 ( 4%) 

anaemia 39 ( 74%) 

ascariasis 35 ( 66%) 

surviving (± blind) 34 ( 64% )  

died 1 9  ( 36%) 
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5. Gonoblennorrhoea: only 3 of the 1434 patients (0,20/o) were ad
mitted because of gonoblennorrhoea, a girl of 4 days, a boy of 9 
days and a girl of 2 months old. These 3 children were not in a cri
tical nutritional condition. The purulent discharge of their eyes sho
wed many Gram-negative intracellular diplococci. These 3 cases 
responded very well to the treatment which consisted of the appli
cation of 1 Ofo Achromycin eye-ointment 4 times daily, sulfa by 
mouth and 1 ,2 Mega Units depot penicillin intramuscularly. All 3 
children were discharged within 10  days, completely cured. 

Discussion: 

1 .  Compared to the number of xerophthalmia patients in the same 
period of 16 months (53 to 3 cases), gonoblennorrhoea was obviously 
only of minor importance in the Maua Hospital (Cf. Ill. 10.2). 
2.  It is very likely that the majority of the surviving 34 children 
(64°/o) who were more or less blind on discharge from the hospital, 
have died later as a consequence of their miserable condition. As 
there were only 55 paediatrics beds available in the Maua Hospital 
and many mortally ill children were brought to the Out-Patient De
partment every day, many of the children on the way to recovery 
were discharged at a much earlier date than their actual condition 
warranted. Moreover these weak, partially blind children could not 
cater for their own needs like their friends did. Therefore these 
utterly dependent individuals had very little chance of survival. 
Re-admission after a shorter or longer period occurred repeatedly, 
unfortunately enough quite often without averting a fatal ending. 
Others who were not brought back after discharge from the hos
pital, must have suffered the same fate. 
3. In more than 10 places all over Kenya we were told that parents 
often do not bring their child back to the hospital, when it has 
become blind shortly after discharge. They are convinced that there 
is no more remedy for this trouble: "It is too late". Hence it is 
very likely that many a child, discharged long before complete re
covery and still being in a miserable condition, develops kerato
malacia at home and becomes blind without the hospital staff kno
wing about it. Such a course of events seems to occur regularly 
according to the history of the xerophthalmia victims in the 7 
schools for the blind and in many other places (see Ill. 10 and 1 1 ). 
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Conclusion: From this scrutiny of hospital files in Maua it appeared 
that 250/o of the 1434 children admitted had suffered from serious 
malnutrition. 1 6,6°/o had had severe measles with complications. 
The overall mortality was 24,9°/o. It is almost certain that 3,7°/o 
had suffered from severe xerophthalmia cq. keratomalacia. Only 
0,20/o had been affected with gonoblennorrhoea. 

These data of the paediatric files in the Maua Hospital were in ac
cordance with our experiences in this and other hospitals which we 
visited in various districts of Kenya (see Ill. 5,  7 and 8). 

Chapter Ill. 10 

CAUSES OF BLINDNESS IN THE 7 SCHOOLS FOR BLIND 
CHILDREN 

In order to obtain an impression of the causes of blindness in Kenyan 
children, we examined the pupils of the 7 schools for the blind si
tuated in Aluor, Egoji, Kibos, Likoni, Sikri and Thika (see II.2 and 
table 7) . The school for blind children in the Maasai area, the so
called "Kajiado Unit for the Bl'ind", did not function at all (see 
further on). The "Machakos Trade Training Centre" instructed on
ly adults who received their basic education in the 7 schools mentio
ned above. We had no opportunity to examine these adult blind 
people as they were away on holiday. 5 of the 7 schools possessed no 
medical data of their pupils worth speaking of. The 2 other schools 
could only supply rudimentary information. In most cases there 
was no cause of blindness recorded. Many children had never had 
a medical or ophthalmological check-up. 

We inquired of doctors and nurses in the hospitals we visited and of 
other people interested in this matter, what they thought of the 
causes of blindness in Kenyan children. Most of them presumed 
(perforating) injuries to be the main cause of blindness in the 7 
schools mentioned. They estimated that about 500/o of these chil
dren were blind owing to injury. The second cause was thought to be 
gonoblennorrhoea ("about 250fo") and the third : congenital syphilis. 
They suggested that a better understanding of the causes of blindness 
in these 7 schools could not be obtained because histories would not 
be reliable. 

With the help of a properly instructed interpreter and a great 
deal of patience we nevertheless succeeded, contrary to our expec-
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tations, in obtaining more or less detailed histories. Every child was 
interrogated and examined individually. Contact between pupils 
already examined and those to be examined was not possible. The 
interrogator and interpreter refrained from suggestive questions 
(see questionaire 1) .  Most children stated in detail what their pa
rents and other relatives had told them about their eye disease. 

We tried to suggest other possibilities after finishing our inqui
ries, in order to leave no doubt. All our suggestions, however, were 
resolutely rejected. 

Histories closely resembled each other in comparable cases in 
all the 7 blind schools. 

Questionaire 1 .  
History o f  the pupils of the 7 Schools for Blind Children in Kenya. 

name: 
sex: 
age: 
tribe: 
place and district of birth: 

- at what age did you become blind: 
- were you healthy or ill: 
- for how long had you already been ill before you got the eye affection: 
- what disease did you suffer from: 
- what were the symptoms of this disease: 
- how was your condition; were you fat, normal, poor or "skin and bones" only: 
- what did you eat and drink that time: 
- what was the cause of your eye disease: 
- how did it develop: 
- did it give you much trouble: 
- how was it treated: 
- how long was it before you became blind: 
- when was this: 
- have you been admitted to a hospital: 

why: 
for how long: 
at what stage of your eye disease: 

- were you first treated by the native doctor: 
- did your brothers and sisters suffer from the same (eye) disease: 

what was the result: 
- how was the (social) situation at home; what about your father, mother, 

brothers, sisters and other relatives: 

remarks: 
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We examined a total of 749 pupils, 469 boys and 280 girls. Their 
ages ranged from 3 to 20 years. The history of the youngest ones 
of the nursery and infant class was known to the superintendents 
of the schools. We found the following (presumed) causes of blind
ness: 

1 .  PERFORATING EYE INJURIES 

9 Children , 4 boys and 5 girls, had fallen victim to a perforating 
eye injury, between the age of 2 and 1 4  years (see table 2). 

4 had a bilateral phthisis bulbi. 5 had an unilateral phthisis; 3 of 
these had an optic nerve atrophy of the other eye "because of 
measles in early childhood" they said. 2 had one normal eye and 
good vision. Consequently these 2 should not have been admitted 
to this school. In the 4 cases of a perforating injury of both eyes 
some years had passed between the first and second accident. Simul
taneous perforation of both eyes may happen with explosions but 
is otherwise extremely rare. 

table 2. Perforating eye injuries: 9 cases. 

boys right eye cause left eye cause 

phthisis bulbi cow horn phthisis bulbi bullet 
2 phthisis bulbi thorn phthisis bulbi nail 
3 optic nerve atrophy measles phthisis bulbi thorn 
4 phthisis bulbi stick normal eye, 

good vision 

girls right eye cause left eye cause 

phthisis bulbi stick phthisis bulbi piece of 
glass 

2 phthisis bulbi nail phthisis bulbi thorn 
3 phthisis bulbi nail optic nerve atrophy measles 
4 optic nerve atrophy measles phthisis bulbi needle 
5 normal eye, phthisis bulbi stick 

good vision 

In these 9 children with phthisis bulbi there was hardly any pig
mentation of the bulbar and tarsal conjunctiva, whereas xeroph
thalmia scars were usually accompanied with a striking pigmen
tation of the conjunctiva (see further on). Apart from this pigmen
tation of the conjunctiva, scars owing to eye injury often re
semble the results of severe xerophtalmia or gonoblennorrhoea. The 
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history in these 9 cases left no doubt about the right diagnosis : "a 
bullet, cow-horn, nail, needle, piece of glass, stick, thorn had been 
the cause" they said. 

From these figures it appeared that blindness due to bilateral 
injury only occurred in 4 of the 749 pupils examined (0,50/o). 

2. GONOBLENNORRHOEA 

Only 1 5  of the 749 children, 9 boys and 6 girls, presented bilateral 
scars due to gonoblennorrhoea: nebulae, maculae, (adherent) leu
comata, usuaHy in the lower part of the cornea (often in combina
tion with an anterior polar cataract), anterior staphylomata and 
phthisis bulbi (see table 3). None of these 1 5  children blamed 
measles as the cause of their blindness. 6 Children said that they 
had developed extremely swollen eyelids and a profuse pu:.-ulent dis
charge shortly after birth. 5 Others had presented these symptoms 
after 1 week, another 2 after 4 weeks. Their eye disease had lasted 
from a few weeks to some months; none of them knew having re
ceived any treatment. 2 Boys had apparently suffered from an ex
tremely painful kerato-conjunctivitis with iridocyclitis, as a com
plication of a purulent urethritis at the age of 1 1  and 16  years. They 
showed corneal opacities, many posterior synechiae, sec::mdary 
cataract and glaucoma. 

table 3. Gonoblennorrhoea: 1 5  cases. 

boys right eye left eye 

phthisis bulbi phthisis bulbi 
2 adherent leucoma, phthisis bulbi 

anterior polar cataract 
3 total adherent leucoma large macula, 

anterior polar cataract 
4 phthisis bulbi phthisis bulbi 
5 phthisis bulbi corneal staphyloma 
6 phthisis bulbi adherent leucoma, 

anterior polar cataract 
7 corneal staphyloma adherent leucoma, 

anterior polar cataract 
8 large nebula, adherent leucoma, 

posterior synechiae, cataract, glaucoma 
cataract, glaucoma 

9 large macula, large macula, 
posterior synechiae, posterior synechiae, 
anterior polar cataract, anterior polar cataract, 
cataract, glaucoma cataract, glaucoma 
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age of onset 

2 days 
3 days 

3 days 

week 
week 
week 

4 weeks 

1 1  years 

1 6  years 



girls 

2 

3 

4 
5 

Discussion: 

right eye 

corneal staphyloma 

macula, 
anterior polar cataract 
subtotal adherent leucoma 

phthisis bulbi 
adherent leucoma, 
anterior polar cataract 
corneal staphyloma 

left eye .tge of onset 

large macula, 2 days 
anterior polar cataract 
phthisis bulbi 2 days 

adherent leucoma, 3 days 
anter;or polar cataract 
subtotal adherent leucoma week 
phthisis bulbi week 

phthisis bulbi 4 weeks 

As the late results of serious gonoblennorrhoea often resemble 
xerophthalmia scars or the sequelae of an injury, the history 
is an important factor in determining the etiology. 

In its acute stage gonoblennorrhoea is easily distinguishable from 
severe xerophthalmia because of the striking inflammatory reaction 
of eyes and eyelids. In case of serious xcropthalmia there is hardly 
any or no inflammatory response at all. 

An acute inclusion body conjunctiviti� may show a deceptive 
likeness with gonoblennorrhoea but it never leads to similar bad 
corneal scars (Axenfeld 1 973). 

Instead of the supposed 25%, only 20fo of the pupils examined 
was blind as a consequence of gonorrhoea. 

This relatively low percentage is in accordance with our experiences in Liberia. 
In the Mano River Mining Hospital during I 969 and I 970 nearly half of the 
admitted mothers proved to be chronically infected with gonorrhoea on exami
nation. Contrary to our expe::tions, however, serious gonoblennorrhoea hardly 
occurred in this area. The great majority of the mothers were delivered at home. 
Prophylactic treatment according to Crede was never applied in these cases. 

Nearly every day there w::s a new-born baby in the female ward with a very 
bad inclusion blennorrhoea with a profuse yellow-green purulent discharge and 
massive oedema of the eyelids. This conjunctivitis often developed within 2 
days after birth and always healed within 2 weeks, even without treatment. On 
microscopic examination of the pus, besides many cells with the typical inclusion 
bodies* (Giemsa-staining), a few gonoccoci were also present, together with some 
staphylococci and streptococci. 

In the Out-Patient Department we daily treated miners succesfully for 
acute gonorrhoea with 2,4 Mega Units depot penicillin. Simultaneous treatment 

'' Chlamydia oculogen:tal:s, a Bccsonian organism (Duke-Elder 1973). 
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of the persons with whom they had been in contact was impossible, however, as 
most men had several wives and continually mixed with other girl-friends. For 
this reason many girls and women were suffering from a chronic gonorrhoic 
urethritis, cervicitis, endometritis or salpingitis. Knowing this, we presumed in 
case of a chronic gynecologic infection of the mother, the Gram-negative intra
cellular diplococci to be gonococci. 

Possibly new-born babies of mothers with a long-standing chronic gonorrhoic 
infection have acquired a certain passive immunity to gonoccoci, via the placenta. 

In Indonesia Bakker (1 932), Mulock Houwer ( 1 938) and ten Doesschate (1 968), 
also found the majority of their cases of severe kerato-conjunctivitis gonorrholca 
in older children and adults. 

3. CONGENITAL SYPHILIS 

2 Boys and 2 girls, i. e. 0,50/o, were deaf and had an extensive 
interstitial keratitis, a saddle nose and Hutchinson's teeth, the classi
cal signs of congenital syphilis. These 4 children did not blame 
measles as the cause of their blindness. We did not find one single 
case of luetic neuro-retino-chorioditis. Therefore congenital syphilis 
was not an important cause of blindness in these 7 schools. 

4. XEROPHTHALMIA 

History: 

Most children of this group totalling 352 inmates, 248 boys and 104 
girls, became blind between the age of 2 and 5 years. 9°/o was 
younger than 1 year, 80/o oMer than 8 years (up to 1 5), when they 
lost their eyesight. As children of this age do not yet herd cattle, 
traumatic perforations by cow-horns, thorns etc. are very rare in 
this group. Moreover these traumatic perforations occur practically 
always unilaterally. Nearly all said that they had incurred the eye 
disease during or shortly after a serious long-lasting illness. Many 
children said that their pre-existing poor condition had badly deter
iorated by chronic infections with prolonged coughing, frequent 
vomiting and diarrhoea, sometimes with recurrent periods of high 
fever. Their diet must have been on the whole very deficient: "po
sho'� only". Many had received "tea only" during their long-lasting 
illness. 

The social situation was often bad. About 700/o of the children 

* posho is porridge made of white maize flour with water. 
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said that they had been neglected : "My father was always away 
from home; my father was always drunk; my mother was seriously 
ill; my mother was frequently drunk; my mother died". About 
300/o grew up with their grandparents or ot:her relatives; 25 of the 
352 inmates were orphans. A great many children had apparently 
been extremely emaciated. Others must have suffered from kwashi
orkor: "My face and whole body were swollen, I had elephantiasis, 
general oedema, kwashiorkor", they said. The results of the 
long period of malnutrition were still visible in many pupils. They 
were far too small for their age, which is a generally accepted sign 
of long-lasting PCM (Jelliffe 1 973), and still had reddish-brown 
hair. Many younger pupils showed a distended abdomen and said 
that they regularly passed ascaris worms. 

To both the examiners':· many of these 352 children seemed to be 
somewhat dull and slow. They made a distinctly less alert impres
sion than the other inmates whose l:Ylindness was due to other cau
ses. Their mental development had possibly been affected unfa
vourably by the long-lasting malnutrition. 

Approximately 600/o of the 352 inmates considered measles ("su
rua", "ukambi", etc.) to be the cause of their blindness. The measles 
had been very severe and accompanie'Cl by many complications. 

An extensive haemorrhagic rash, known as "black measles" 
("l:Ylack spots all over my body"), followed by the peeling off of 
large parts of the skin, was the rule. 

In some cases only a minimal rash had occurred; children with 
severe kwashiorkor had not developed a rash at all. Since all the 
other children sharing the same house had incurred measles during 
the same period, we must assume that the child with severe 
kwashiorkor also suffered from measles. It had the same symptoms 
as the others but did not develop a rash of any importance because 
of a serious immuno-deficiency which goes with kwashiorkor 
(Scrimshaw 1968). In these cases the eye lesions were believed to 
be due to the fact that "the measles had gone inside". Many of 
these children told us  that they had incurred measles (again) some 
years later, this time with the typical rash. 

3 Children had become blind very shortly before they had got 

• J. J. M. and A. J. M. Sauter. 
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measles. At the time of their admission to a hospital their eye
sight was already completely lost. 

Only a small group of children had been admitted to the hospital 
for their eye lesion. Most were admitted because of their miserable 
general condition. 

The great majority had been in hospital for a shorter or longer 
period. Unfortunately the treatment with eye-ointment had failed 
in all cases. Many children admitted with measles became blind 
during or shortly after extensive peeling off of the skin from large 
parts of their body. This happened quite often as well shortly after 
premature discharge from the hospital. 

Most pupils had become blind in a few days, some in a few weeks. 
This process was usually painless, 4 children only had suffered pain. 
20 h ad had a troublesome itch and had rubbed their eyes a lot. 
Many told us the following : "I had powder in my eyes which were 
very dry; my eyes were covered with membranes ; after (vigorous) 
rubbing in my eyes, a yellow jelly-like substance came out and I 
was blind". This substance was most likely the lens. 

Many of their brothers and sisters had either died or become 
blind owing to measles during the same period. 

About 10°/o of the 352 inmates blamed chicken-pox as the cause 
of their blindness. In all these cases, however, chicken-pox had 
developed after a preceding long-lasting illness, often being measles. 

10 Children had tattoo scars around their eyes, made by the na
tive doctor. He, however, had not treated their eyes but had im
mediately sent them to the nearest Health Centre. This conduct 
does not agree with the prevailing opinion that these medicine men 
cause a great deal of harm. We found no traces of serious harm 
done by the medicine men in the children we saw. 

6 Pupils were convinced of the fact that witchcraft had been the 
cause of their blindness. 5 blamed the wind and the smoke in the 
hut. The history of these 1 1  children was identical with that of the 
others. 

Some had suffered from severe headache, high fever and con
vulsions, possibly the result of meningitis or encephalitis•:· compli
cating measles. A few of these were evidently mentally retarded 
and spastic, 3 were mentally disturbed. 
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It seems likely that more or less permanent exposure of the lower 
part of the cornea at the time these children were probably stupo
rous or comatose, had also played an important contributing role 
in the development of the final extensive corneal damage. 

Other contributing factors may have been secondary infections 
due the poor hygiene, omnipresent flies and vigorous rubbing 
of the eyes with dirty hands because of itching or pain. 

" Two Kisii boys from the Siaya District had many, more or less round, trepan 
defects in their skull, made by the native doctor. This ancient way of treatment 
of severe headache and some types of mental disease is still applied by the 
Kisii according to these boys and the staff of the blind school (Cf. Horrobin 
1 97 1 ). 

Findings: 

We found the following abnormalities (see photos 33-36) : nebulae, 
maculae and (adherent) leucomata, usually in the lower part of the 
cornea and nearly always bilaterally.':· Many had also an anterior 
polar cataract, mostly on an otherwise clear lens. 

In cases of a (sub) total leucoma we frequently noticed a brown
yellow band-shaped keratopathy. Sometimes we found, instead of 
calcareous deposit or in combination with it, an extensive amyloid 
degeneration of the opaque cornea (Hogan 1962). These eyes were 
often red and irritated and the opaque cornea had a yellow-orange 
colour (see photo 36). 

A few children had one or more Descemetoceles which some
times ruptured according to the staff of the blind schools. 

The right eye was in about 70°/o of the cases more seriously da
maged than the left one, possibly owing to more frequent 
and vigorous rubbing with the right hand. 8 of these 352 children 
exhibited corneal damage of the right eye only, the left cornea 
being completely normal on slitlamp examination. These 8 children 
were all right-handed they said. In these 8 cases, however, the left 
eye showed an optic nerve atropy which was "also the result of 
measles" they said. If there had been a corneal lesion, it had appa
rently healed without leaving any scar. 

"' 2 girls of 7 and 8 with a large adherent leucoma in both eyes, had been ad
mitted in the Mcru District Hospital 3 months before (see ll l ,  11). 
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In many cases we saw staphylomata : corneal, intercalary or cili
ary as well as combined forms. 

Very frequently a phthisis bulbi had developed. The front 
of these shrunken eyes was strikingly flat owing to expulsion of 
the lens and absence of the anterior chamber. Instead of the cornea, 
there was an intensely pigmented diamond-shaped scar or star 
with 4 points. Some of the children had still typical Bitot's spots on 
the scarred dry cornea and conjunctiva. The 1 °/o rose bengal test 
was strongly positive in these cases (grade Ill or IV, see Ill, 7). 

All 352 pupils had smoky conjunctivae, most of them grade HP, 

some even grade IV3 (see Ill, 4). Apart from this smoky pigmen
tation, the conjunctiva often showed very dark larger pigment
patches which were capriciously shaped. 

Discussion: 

On the basis of their history and the known nutritional habits in 
Kenya, we may presume that the great majority of these 352 chil
dren had been badly malnourished and had suffered from protein
and vitamin A deficiency. Therefore the main cause of blindness in 
these cases must have been serious xerophthalmia, provoked by 
(chronic) infectious diseases. Measles kerato-conjunctivitis, chicken
pox (kerato) conjunctivitis, exposure keratitis and secondary bac
terial infection, however, had certainly been important contribu
ting factors in many cases. 

These 352 children came from all districts of Kenya and nearly all 
the larger tribes were represented. There appeared to be no distinct 
relation between the representation percentage of the different 
tribes in Kenya and that in the 7 schools for the blind (see table 4). 

In contrast with the expectation of many Health Workers most 
of the children came from the overpopulated green very fertile 
cash-crop areas, that is the districts east of Lake Victoria, north and 
east of Nairobi and round Mount Kenya, and also from Mwea 
Division, a rice growing area in the Kirinyaga District south of 
Mount Kenya. 

The nomads - Boran, Maasai, (Orma), Samburu, Somali, Suk and 
Turkana - formed a small minority in the 7 se'hools for the blind, 
i.e. 9,5°/o. Altogether they represent, however, about 1 5°/o of the 
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total population in Kenya. Under normal circumstances they enjoy 
an adequate diet, consisting mainly of milk, meat and berries which 
are rich in vitamin C and vitamin A-precursors. In times of severe 
long-lasting drought, however, like the one from 1 949, the drought 
from 1 960 to 1 961  and the one lasting from 1 970 to 1 97 4, their 
diet is very deficient because of illness and large-scale starving of 
their cattle. Under such circumstances they mainly have to rely 
on ugali'�. Thus xerophthalmia occurs also among the nomads. 

The Maasai are far more afraid of measles than of tuberculosis. 
The high mortality of measles especially during famine (between 
20 and 400/o) is apparent from their saying: "Count your children 
only when they have had measles". Every three years there is a 

large measles epidemic in the Maasai area. Thanks to the improved 
medical care more of these children survive nowadays than in the 
past. Unfortunately enough some of these survivors are blind. 

In the Health Centres and villages wllich we visited in the Maasai 
area we saw dozens of Maasai children with large bilateral leuco
mata, corneal staphylomata or phthisis bulbi. According to their 
histories, these lesions had probably been the result of serious xer
ophthalmia, often in combination with measles. 

It should be stressed that the tracing of blind nomadic children 
is extremely difficult, pardy because of the great distances and bad 
roads. Moreover the nomads are very independent and refuse to 
hand over their children to schools for the blind. They carefully 
keep them hidden; it is almost impossible to discover them. 

The Medical Officers concerned told us that the mortality rate 
of blind nomadic chil'dren used to be higher than that of compa
rable groups of settled tribes as a consequence of the lack of regular 
medical care. The high mortality, tribal customs and transport 
difficulties must have been responsible for the relatively small per
centage of nomadic children - 9,5°/o instead of 1 5'0/o - in the 7 
schools for the blind. 

These were also the three main reasons why the "Kajiado Unit 
for the Blind" in the Maasai area did not function at all. 

* ugali is a stiff porridge made of white maize flour with water. 
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table 4. Survey in the 7 Schools for Blind Children in Kenya. 

The 352 pupils with xerophthalmia scars belonged to 25 different tribes: 

names of the trihes 

I .  Kamba 

2. Meru 

3. Kikuyu 

4. Luo 

5. Luyia 

6. Giriama 

7. Kipsikis 

8. Embu 

9. Rabai 

1 0. Digo 

I I .  Boran 

12 .  Duruma 

1 3. Kisii 

1 4. Maasai 

1 5. Nandi 

1 6. Samburu 

17 .  Turkana 

18 .  A rab 

1 9. Pokot 

20. Swahili 

2 1 .  Watutsi (Burundi) 
22. Orma 

23. Somali 

24. Suk 

25. Taita 

all 25 tribes 

5. CONGENITAL ANOMALIES 

tribe representation percentage 

in these 7 schools 

± 1 4  % 
1 2  

1 0  

1 0  

9 

8 

6 

4 

4 

3 

2 
2 

2 

2 

2 

2 

2 

0,5 

0,5 

0,5 
0,5 

1 00 % 

in Kenya 

± 1 1 %  
5 

20 

1 4  

1 3  

4 

6 

2 

2 

3 

201 of the 749 pupils, 109 boys and 92 girls, i.e. 26,80/o, were 
blind because of congenital anomalies (see table 5). None of these 
201 children blamed measles as the cause of their blindness. The 5 
inmates with a congenital anophthalmus and many of those with a 
severe microphthalmus showed ill-developed orbitae and had a ty
pical face. We have not seen this facial anomaly in the children with 
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a bilateral phthisis bulbi (see 1 ,  2 and 4). The two boys with ptosis 
had one deep amblyopic eye; the other eye had good vision. Thus 
congenital anomalies appeared to be an important cause of blind
ness in the inmates of the 7 blind schools. 

table 5. Congenital anomalies: 20 1 cases. 

cataract 

microphthalmus 

hydrophthalmus 

ocular albinism 

anophthalmus + blepharophimosis 

keratoconus + corneal opacity 

luxated lens (M. Marfan) 

ptosis 

uvea- cq. opticus-coloboma 

aniridia 

M. Crouzon 

total 

6. OPTIC NERVE A TROPHY 

boys 

37 

30 

1 7  

1 2  

4 

2 

3 

2 

1 09 

girls 

36 

34 

7 

9 

1 

3 

92 

total 

73 

64 

24 

2 1  

5 

5 

3 

2 

2 

201 

(36,3%) 

(3 1 ,8%) 

( 1 1 ,9%) 

( 10,5%) 

(2,5%) 

(2,5%) 

( 1 ,5%) 

( 1 ,0%) 

( 1 ,0%) 

(0,5 %) 

(0,5%) 

( 1 00%) 

84 children, 5 1  boys and 33 girls, i.e. 1 1 ,20fo, showed a bilateral op
tic nerve atrophy. 

All 84 inmates had lost eyesight in early childhoocl they said. 41  
children blamed measles for it. Many of these told us that they had 
suffered from high fever, severe headache and convulsions. These 
symptoms were probably caused by meningitis, a rather common 
complication of measles in Kenya (Hayden 1 974). As tuberculous 
meningitis has a high mortality, it seems unlikely that some of 
these children had suffered from this disease (J elliffe 1 973). 

A few were obviously mentally retarded and spastic, possibly 
due to measles encephalitis. In all these children the edges of the pa
le grey optic disc were indefinite. The retinal vessels, especially the 
arteries, were markedly contracted and the surrounding retina sho
wed pigment shifting in and around the macula. Therefore it was 
the characteristic appearance of a "postneuritic" atrophy (Duke
Elder 1 970) . 
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In about 300/o the history revealed that other members of the 
family were also blind. We could examine many of these blind 
relatives in the 7 schools mentioned. They proved to suffer from 
an optic nerve atrophy as well. In all these cases the edges of the 
grey or white optic disc were sharply defined and the surrounding 
retina and retinal vessels looked normal. Considering this, a pri
mary hereditary optic nerve atrophy seemed very likely. 

Hydrocephalus, microcephalus and injuries of the skull e.g. at 
birth, were the cause in other cases. 

We did not find a single case of "pepper and salt" fundus as des
cribed in congenital syphilis. Perhaps juvenile tabes dorsalis was the 
cause of optic nerve atrophy in a few children, although this is ex
tremely rare in early childhood (Igersheimer, 19 18). Serological 
tests were not available. 

7. IRIDOCYCLITIS 

34 children, 20 boys and 1 4  girls, i.e. 4,50/o showed sequelae of a 
previous iridocyclitis. None of these 34 children blamed measles as 
the cause of their blindness. 

In 28 cases the cornea was completely clear on slitlamp examina
tion. They showed a pupillary seclusion or extensive posterior syne
chiae with secondary cataract and glaucoma. 6 Children suffered 
from juvenile rheumatoid arthritis and had a beginning band-shaped 
keratopathy (M. Still-Chauffard). In a 16 year old boy gonorrhoea 
had probably been the cause. He had incurred a purulent urethritis 
about a year before and developed an extremely painful iridocyclitis 
shortly afterwards. The urethritis had been cured by injections. 
It is very likely that chronic infections - particularly tuberculosis -
had played an important causal part. 

Onchocerciasis can be ruled out because this disease is not present 
in Kenya any longer. The vector Simulium naevi has been totally 
eliminated in Kenya by the DDT-campaign of 1955 (Bisley 1 973). 

In the above-mentioned 28 cases the cornea was completely nor
mal. When there are lesions of the anterior segment owing to 
onchocerciasis, the cornea is nearly always involved (Buck 1974). 
Moreover we did not find onchocercomata, onchocercal dermatitis 
or lymphatic involvement in any of the pupils examined. 
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8. MISCELLANEOUS EYE AFFECTIONS 

29 Children, 2 1  boys and 8 girls, i.e. 3,9°/o (see table 6). None ot 
these 29 children blamed measles as the cause of their blindness. 

table 6. Miscellaneous eye affections: 29 cases. 

posterior uveitis (cause unknown) 

vernal kerato-conjunctivitis 

familial juvenile macular degeneration 

pemphigoid of the conjunctiva 

xeroderma pigmentosum 

familial corneal dystrophy 

interstitial keratitis (cause unknown) 

no abnormalities at all 

total 

boys girls 

7 3 

4 

2 

2 

2 

2 

2 1  8 

total 

1 0  
5 

3 

3 

3 

2 

2 

29 

9. SECONDARY TAPETO-RETINAL DEGENERATION 

(34,5%) 

( 1 7,2%) 

( 10,3%) 

(10,3 % )  

(10,3 % )  

(6,9 % )  

(3,5%) 

(6,9% )  

(100%) 

1 1  Children, 8 boys and 3 girls, i.e. 1 ,5%. These showed extensive 
pigment accumulations in fundo like in retinopathia pigmentosa in 
a far advanced stage. The optic nerve and the retinal vessels had a 
normal appearance, however. These children said that they had in
curred their eye disease after measles in early childhood. Conside
ring their young age, a secondary tapeto-retinal degeneration seems 
very likely in these cases. 

10. CEREBRAL BLINDNESS 

1 0  Children, 9 boys and 1 girl, i.e. 1 ,3%, did not show any eye 
anomaly but were evidently blind. The children showed a spon
taneous continuous nystagmus and were spastic and mentally re
tarded. 

1 71 



table 7. Causes of blindness in the 7 Schools for Blind Children in Kenya. 

Blind school in: Aluor Egoji Kibos Likoni Sikri Thika I Thika 11 total 

Pupils examined 1 1 7 89 1 32 87 22 231  7 1  749 (100%) 

Cause 

I .  Perforating eye injuries 2 2 2 2 9 (1,2%) 

2. Gonoblennorrhoea 2 2 2 ! 15 (2,0 ) 
3. Congenital syphilis 2 4 (0,5 

4. Xerophthalmia 46 53 35 ss 15 103 45 352 (47,0 

5. Congenital anomalies 39 2 1  5 2  1 6  2 56 15 201  (26,8 

6. Optic nerve atrophy 10 8 15 7 40 4 84 ( 1 1 ,2 

7. I ridocycl it is 2 12 2 7 2 34 

8. Miscellaneous eye affectiops s 3 1 2  29 

9. Secundary tapeto-retinal 4 1 1  
degeneration 

I 0. Cerebral blindness 4 3 10 

total 1 1 7  89 132 87 22 231 71 749 

Discussion: 

The causes of blindness mentioned above were of comparable im
portance for all tribes (Cf. table 4). This means that xerophthalmia 
or any other cause of blindness did not occur with greater or smaller 
frequency in any particular tribe. On the basis of these facts, we 
presume the inmates of the 7 blind schools to be largely represen
tative of the whole group of blind Kenyan children. 

(Inactive) trachoma frequently occurred but was not a cause 
of blindness in the children examined. Serious complications of 
trachoma develop mostly at the end of adolescence and in adults 
(Heath 1963, ten Doesschate 1 968). 

4 of the 749 children were blind in one eye whereas the other 
eye �as completely normal and had good vision. 2 Children had 
normal eyes and good vision. 

From this survey in the 7 Schools for the Blind appeared that 
injuries, gonoblennorrhoea and congenital syphilis were unimpor
tant causes of blindness. 

Serious xerophthalmia, however, appeared to be the most impor
tant main cause of blindness, quite often in combination with 
measles. This had been the cause in 352 out of 749, that is in 470fo 
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of the cases. Secondary infection and long-lasting exposure of the 
cornea in stuporous and comatose children must often have played 
an important role in this process. 

Only a tiny fraction of the total number of children who became 
blind by xerophthalmia and did not die during or shortly after 
their illness, is to be found in these special schools. About 40°/o 
of young children blinded by xerophthalmia die probably within 
the next two years in consequence of their miserable condition 
and neglect, and will not reach school-age (ten Doesschate 1 968). 
They cannot cater for their own needs as their friends do. Blindness 
in general and keratomalacia in particular are considered as a pu
nishment for the parents who have to bear their fate. Moreover 
xerophthalmia scars give the children a repulsive appearance. In 
all tribes most parents hide their blind cliiMren carefully because 
of shame or fear, which makes it difficult to discover them. This 
holds particularly among nomadic people who like to be comple
tely independent and prefer to care for these disabled children 
themselves. The tracing of blind children was a great problem for 
all the 7 schools. Some schools paid the parents a small amount of 
money (KSh 20,-) in order to induce the handing over of their 
children to the school. Most parents refused to have them operated 
upon, even when they suffered from curable blindness, e.g. cataract. 

The Kenya Society for the Blind estimates that less than 1 0°/o 
of the surviving blind children ultimately fin·d their way to these 
schools. 

Conclusion: 

Xerophthalmia appeared to be the main cause of blindness in these 
7 schools. Probably less than half of the xerophthalmia victims 
stays alive and only a small number of them is found in the schools 
for the blind. Considering this, one must presume that the total 
number of xerophthalmia victims in Kenya is much greater than 
the number of these victims in the 7 schools for the blind. 
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Chapter Ill. 11  

CAUSES OF CORNEAL SCARRING 

During the first 6 months of 197 4 we examined the eyes of about 
6000 pre-school children, 14.000 school-age children between 6 and 
1 8  years old, and 8500 adults. We saw these 28 .500 subjects in 59 
Health Centres, 21 primary and 3 secondary schools, 23 remote 
villages and 2 prisons (see Ill, 5). Neither the eye patients (mentio- ' 

ned in chapter Ill, 5) nor the inmates of the 7 schools for blind 
children (discussed in chapter Ill, 10) are included in the total of 
28.500 persons. 

Findings: 
In total we saw 593 individuals with corneal scars (see table 2). 

1. Xerophthalmia scars: In 56 places we saw 395 children, adoles
cents and adults with corneal opacities, adherent leucomata, ante
rior staphylomata and phthisis bulbi. In combination with these 
corneal opacities we often found an anterior polar cataract on an 
otherwise clear lens (see Ill. 5 and 10) . 

In 368 of the 395 people both eyes showed lesions. The right eye 
was usually more seriously affected than the left one. In these cases 
the majority of the victims said that they were right-handed. The 
least damaged eye usually still had useful vision. 

In 27 of the 395 people only one eye was affected, in 1 7  cases the 
right eye, in 10 cases the left one. 

In the pre-school group we found 78 children with bilateral scars 
versus 9 with unilateral scars, i.e. about 9 to 1 .  In the school-age 
group we found 5 1  children with bilateral scars versus 13 with 
unilateral scars, i.e. about 4 to 1 . 

�n the 7 schools for blind children we saw 344 inmates with bilateral xeroph
thalmia scars versus 8 with scars in the right eye only. 

Discussion: 

The striking difference between the pre-school and school-age 
group with respect to the bilateral occurrence of the scars is pos
sibly the result of the relatively high mortality in pre-school chil
dren within 2 years after they have suffered severe damage of both 
corneae (see Ill. 10) .  Another explanation might be that older 
children with bilateral scars are more carefully hidden than pre
school children with comparable lesions. One reason is probably that 
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a number of the older - partially or completely blind - vtcttms 
(about 1 0%) are admitted to the 7 schools for blind children and 
do not continue to live with the families they belong to. 

All 395 people with the eye lesions described above showed a 
distinct fine granular smoky pigmentation of the conjunctiva, most
ly grade IIP-3, sometimes grade I\12-3• In 351  of the 395 cases we 
also found a very dark-brown patchy pigmentation of the conjunc
tiva (Cf. Ill. 10) .  

Most victims said that they had incurred these eye lesions in 
(early) childhood during or shortly after a severe illness, when they 
were in a poor nutritional state. Very frequently they blamed 
measles ("surua") as the cause, sometimes chicken-pox or diarrhoea. 
Many of them said that they had partially lost their eyesight shortly 
after discharge from the hospital. 

On the basis of their history and the clinical aspect of their eye 
lesions, we presumed that these 395 people had fallen victim to 
xerophthalmia and that their lesions must be considered to be 
xerophthalmia scars. That is on the total of 593 cases :66,6°/o. We 
saw most of these 395 cases in the green fertile cash-crop areas east 
of Lake Victoria, north and east of Nairobi, around Mount Kenya 
and in Mwea, a rice-growing area in the Kirinyaga District south 
of Mount Kenya. We also saw cases in dry and remote areas (see 
Ill. 5).  

In the Kangeta Health Centre in the Meru District we examined 103 children 
and 20 adults on 15 May 1974. Here we saw 2 boys of 7 and 8 who had been 
discharged from the Maua Hospital 2 months before. The boy of 7 years old 
showed a large epithelialized Descemetocele in the right and an adherent leuco
ma in the left eye. The boy of 8 had an adherent leucoma in the right and a 
corneal macula - in combination with an anterior polar cataract - in the left eye. 

In the school for blind children in Egoji we examined all 89 pupils on 24 June 
1974. Here we saw 2 girls of 6 and 8 years old, who had been admitted to the 
Meru District Hospital 3 months before (see Ill. 10). These 2 girls had large 
adherent leucomata in both eyes. 

From the data in the hospital files of these 4 children ("malnutrition, measles 
with complications, severely damaged corneae, no response to therapy") and 
the present eye lesions, it was evident that they had fallen victim to kerato
malacia not long before. 

2. Perforating injuries. 

2a. Unilateral scars: we saw 1 78 people with a severe lesion of one 
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XEROPHTHALMIA SCARS: XS 

1. melanine pigment 2. smoky pigmentation grade I ll' (cf. no 22) 
KWASHIORKOR, RECENTLY "HEALED" KERATOMALACIA 

I. epithelialized, degenerated, partially extruded lens 2. epothelia· 
lized iris·prolaps 3. infiltrated oedematous opaque cornea 4. che· 
mosis 5. smoky pigmentation grade IV' 

SAME PATIENT, CORNEAL STA PHYLOMA RIGHT EYE 
I. wuterrcpcllcnt. metaplastic corneal epithelium 2, dar�·brown 
pigment band 3. ;moky pigmcnt�tion grade IV' 4. prominent 
obstructed f\:lcibomian ostia 

34 ADHERENT LEUCOMA WITH ANTERIOR POLAR 
CATARACT 
I. lens otherwise clear 2. smoky pigmentation grade Ill' 

� 

3-�; ) J 
I. calcareous deposits in scarred cornea 2. striking inflammat01 

reaction 3. inferior fornix 4. smoky pigmentation grade IV' 

38 MARASMUS, PHTHISIS BULBI LEFT EYE 

1. remn•nt of cornea 2. dark-brown pigment band 3. smoky pi 
mentation gr •de I V' 4. prominent obstructed Meibomian ostia 

40 NI I'I'LE-SHAI'l:D CORNEAL STA PHYLOM A -
1 .  normal corneal curv;�turc '2 .  mcdh1l rectus muscle �mbr 
4. bulbar conjunctiva 5. ;moky pigmentation grade IV' "\ 





Thus we saw 1 83 injury cases, that is on the total of 593 : 30,80fo. 

Discussion: 

The fine granular, smoky pigmentation of the conjunctiva -
which we observed in nearly all xerophthalmia victims in the 
7 schools for blind children and in many other places - was stri
kingly absent in most of the 183  injury cases. Only 3 1  of the 
1 83 people affected ( 170fo) showed this smoky pigmentation 
grade III2-3 and IV2-3). This fine granular pigmentation was 
probably not connected with the eye lesion owing to injury 
but the result of a previous period of malnutrition, i.e. vitamin 
A deficiency (see II. 5). 
64 of the 1 83 people affected (35'0fo) had the dark-brown patchy 
pigmentation of the conjunctiva which we observed in most of 
the xerophthalmia victims in the 7 schools for blind children 
and in many other places. 
Thus the aspect of the eye lesions and that of the conjunctiva may 
be helpful in determining the true causation. In a population 
where xerophthalmia is almost omnipresent - be it in different 
degrees - xerophthalmia patients will get injured. This is 
one of the reasons why the clinical picture of the scar may be 
obscure and confusing. 
The history of these 1 83 injury victims did not leave any doubt 
whatsoever about the cause of their eye lesions. Therefore the 
history taking is most important in determining the true cau
sation of the lesion in all cases. 

3. Gonoblennorrhoea 

In all we only saw 3 adolescents and 12  adults, that is 2,50fo, with 
eye lesions which could have been the result of gonoblennorrhoea 
according to their history and the present clinical picture (see Ill. 
10 and table 2). 

Discussion: 

In 56 of the 67 places we visited - without previous notice - we saw 
395 people with severe eye lesions most probably due to xeroph-
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table 2. Presumed causes of corneal scars in Kenya. 

xerophthalmia: 66,6% injury: 30,8% sonoblennorrhoca: 2,5% 
individuals affected 

both eyes one eye total both eyes one eye total both eyes one eye 

aged o. 5 years 78 9 87 - 7 7 - -
aged 6-1 8  years 5 1  1 3  64 - 52 52 3 -
adults 239 5 244 s 1 1 9 124 1 2  -

total 36H 27 395 5 17H 183 IS -

smoky pigmc:ntntion 36H 27 395 2 29 3 1  8 -
of lhc 'onjunctiva 
srade I l l" and IV'·' 

··----
dark-brown patchy 332 1 9  351  3 61 64 1 1  -
pigmentation of the 
conjunctiva 

thalmia, that is 66,60/o of the 593 individuals observed with corneal 
scars. Injuries had been the cause in 1 83  cases (30,80/o) and gono
blennorrhoea probably in 15 cases (2,5%). 

Corneal scars due to severe trachoma have a very typical appea
rance anrd are easily recognized as such. For this reason people with 
trachoma scars were not included in this series. 

We found these 593 affected persons by chance when we screened 
28.500 subjects in the places mentioned before. The 749 inmates of 
the 7 schools for blind children cq. the 352 xerophthalmia victims 
there, are not included in these 28 .500 persons. There is no reason 
to assume that the relatively high number of 395 persons with 
xerophthalmia scars on a total of 28 .500 people (1 ,4°/o) is due to a 
selection of cases . .  

The number of individuals with xerophthalmia scars in a countrr 
is an important indicator for the magnitude of the problem in that 
country. For xerophthalmia scars are the result of serious xeroph
thalmia cq. keratomalacia. Where cases of serious xerophthalmia 
are found must be many more cases of moderate and mild xeroph
thalmia. Moreover the majority of the partially or completely blind 
xerophthalmia victims die during and shortly after the triggering 
disease or whitin 2 years after they have incurred the eye lesions. 
This means that the people with bilateral xerophthalmia scars in a 
population form only a minority of the original number of xeroph
thalmia victims as the majority will have expired. Considering this, 
the xerophthalmia scars found in a population only represent the tip 
of the iceberg. 
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Conclusion: 

The conclusion of this extensive case finding study and of our 
investigation in the 7 schools for blind children must be that 
xerophthalmia is the main cause of blindness in Kenyan children and 
for this reason an important Public Health Problem in Kenya. 
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IV. FINDINGS ON ]A VA, INDONESIA 

We had the opportunity to perform a short additional xerophthalmia 
investigation in Jakarta, Bandung and Cicampek*. Under the gui
dance of Dr. J. ten Doesschate and Professor H. A. P. C. Oomen we 
examined 22 xerophthalmia patients and 1 6  children with measles 
kerato-conjunctivitis in 5 different Health Centres. As mentioned in 
chapter 11, 5, we used this time both 1 °/o rose bengal and 1 °/o lissa
mine green for vital staining of conjunctival and corneal xerosis. 
Conjunctival biopsies were taken in 8 cases. 

Chapter IV. 1 

VITAL STAINING IN XEROPHTHALMIA 

In our 22 xerophthalmia patients we found the following: 
1 .  Night-blindness (X-N) : 1 case. 

A 7-year-old malnourished boy who complained of difficulty in 
seeing in dim light since several weeks, proved to be night-blind on 
examination. Except for smoky pigmentation of the conjunctiva 
(grade IF), we did not find external ocular abnormalities. The 
1 °/o rose bengal and lissamine green test were negative. The mucous 
thread in the inferior fornix was nicely stainable by 1 °/o alcian blue. 
According to the - dietary - history and general appearance, this was 
most likely a case of night-blindness owing to vitamin A depletion. 
The disappearance of this symptom within 2 days after an oral dose 
of 300.000 IU vitamin A palmitate in oil confirmed this assumption. 
2. Conjunctival xerosis (X-1A) :  3 cases. 

A boy of 3 and 2 girls of 71/2 and 8 were night-blind and showed 
conjunctival xerosis which was intensely stained by 1 Ofo rose bengal 
and lissamine green (grade 11, Cf. photo 4 1  ) .  
3 .  Bitot's spots (X-1B) : 10 cases. 

6 boys and 4 girls between 3 and 5 years old were night-blind and 
showed Bitot's spots surrounded by a rose bengal positive zone of 
conjunctival xerosis. 1 °/o lissamine green stained this xerotic border 
more intensely and produced a diffuse, patchy, dark blue staining of 
the Bitot's spots (Cf. photos 42, 43 and 44). 

• After the WHOIUSAID "Meeting on the Control of Vitamin A-Deficiency" 
in Jakarta from 25 to 29 November 1974. 
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4. Corneal xerosis (X-2) : 1 case. 
A night-blind boy of 21/2 had conjunctival and corneal xerosis. The 

1 °/o rose bengal and lissamine green test were strongly positive (grade 
Ill, Cf. photo 45). The hazy cornea showed a diffuse staining by 1 °/o 
fluorescein and lissamine green but was hardly stained by 1 Ofo rose 
bengal. 
5. Corneal erosion (X-3A) : 2 cases. 

A girl of 1 7  months old with 4 large Bitot's spots had corneal ero
sions in both eyes. A night-blind 2-year-old girl showed a corneal 
erosion in the left eye and only conjunctival xerosis in the right eye. 
The erosions were intensely stained by 1 °/o fluorescein and lissamine 
green but hardly by 1 Ofo rose bengal. The 1 Ofo rose bengal and lissa
mine green test were strongly positive in these 2 cases (grade Ill). 
6. Corneal ulceration and keratomalacia (X-3B) :  4 cases. 

A 2-year-old girl showed yellowish-white, opaque, dry corneae 
which were intensely stained by 1 Ofo lissamine green and locally by 
1 °/o rose bengal as well (see photo 46). The conjunctivae were greasy, 
thickened, wrinkled and densely pigmented : smoky pigmentation 
grade IV3• A boy of 4 with Bitot's spots had corneal ulcers in both 
eyes. A boy of 21/2 showed a corneal ulcer and a hypopyon in the 
right eye and only conjunctival xerosis in the other eye. A boy of 4 
with very large oblong Bitot's spots under the upper eyelids, had a 
Descemetocele in the right eye and only corneal xerosis in the other 
eye (see photo 44). The corneal ulcers were intensely stained by 1 0/o 
fluorescein and lissamine green but the Descemetocele was hardly 
stainable by these dye solutions. 

All 4 children were night-blind. The 1 Ofo rose bengal and lissamine 
green test were positive but the intensity of the conjunctival staining 
was relatively low owing to the greasy, water-repellent conjunctiva 
which prohibited a proper staining by the dye solutions. 
7. Healing keratomalacia (X-3B/X-4) : 1 case. 

A boy of 21/2 with small Bitot's spots showed an iris-prolaps in the 
right eye, which existed since 4 weeks. One week prior to our visit he 
had received 2 tablets of 1 0.000 IU vitamin A by mouth and 100.000 
IU vitamin A in oil intramuscularly. He still showed an extensive 
lissamine green staining of the conjunctiva in both eyes (grade IV). 
The conjunctival epithelium close to the conjunctival blood-vessels, 
however, was not stained by 1 Ofo lissamine green (see photo 47). Pro-
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bably these parts had healed completely already. The cornea was not 
stainable by 1 Ofo fluorescein, rose bengal or lissamine green. The pre
corneal tear-film and the tear-film-breaking-up-time were normal as 
was the mucous thread in the inferior fornix, which was nicely stain
able by 1 Ofo alcian blue. According to his father, the night-blindness 
which had troubled the boy for several months, had disappeared 
within 3 days after the vitamin A therapy. Apparently this was a 
case of healing keratomalacia and healing conjunctival xerosis, pro
viding the picture of numerous polygonal - lissamine green positive -
islands of (still) keratinized epithelium. 

Therapy: 

All 22 xerophthalmia patients received a single oral dose of 200.000 
or 300.000 IU vitamin A palmitate in oil according to their age. 

Clinical progress: 

We had the opportunity to follow 6 patients : 
The 7-year-old night-blind boy mentioned above recovered within 

2 days. 
A girl of 5 with Bitot's spots was no longer night-blind within 1 0  

hours after the massive dose o f  vitamin A (Cf. Lewis and Haig 
1 939). 

2 boys of 4 were no longer night-blind 4 days after vitamin A the
rapy. The 1 °/o lissamine green test was still slightly positive, whereas 
they had shown a very intensive blue-green staining 4 days before. 
The 1 °/o rose bengal test was already negative 4 days after vitamin 
A administration. 

The boy of 21/2 with corneal xerosis showed normal eyes again 13  
days after vitamin A therapy. The 1 Ofo fluorescein, rose bengal and 
lissamine green test were negative and the boy presented an enormous 
mucous thread in the inferior fornix, intensely stained by 1 Ofo alcian 
blue (see photo 48) .  

The girl of 2 with the whitish opaque cornea had developed a cen
tral keratectasia in the right eye and a shallow ulcer in the left cor
nea but no corneal perforation. She still had a thin mucous thread 
in the inferior fornix 8 days after vitamin A treatment. 
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Discussion: 

1 .  All 22 xerophthalmia patients suffered from protein-calorie mal
nutrition degree II or Ill;  they had kwashiorkor, marasmus or 
marasmic kwashiorkor. 

2. The absence of an adequate inflammatory response was very stri
king in all 7 X-2 or X-3 cases. The 2 children of these 7, which 
we could follow, and the boy of 21/2 with healing keratomalacia 
and healing conjunctival xerosis, showed a distinct conjunctival 
injection after vitamin A therapy. 

3 .  In all 2 1  cases of conjunctival xerosis the 1 °/o rose bengal test was 
positive (grade I-IV) . This staining was easily visible to the un
aided eye at a distance of 1 metre. 

4. After staining by 1 Ofo lissamine green the conjunctival xerosis was 
even visible at a distance of several metres. The extent of this 
staining was similar to that of the 1 Ofo rose bengal staining. The 
intensity of the blue-green colour was, however, much greater 
than that of the pink rose bengal staining. The lissamine green 
staining was also much better visible because of the higher con
trast with the smoky pigmentation of the conjunctiva. Lissamine 
green appeared to stain the greasy surface of the Bitot's spots as 
well. It did not cause any smarting at all. 

5. After staining by 1 Ofo alcian blue the mucous thread in the inferior 
fornix proved to be extremely thin, short and segmented or ab
sent in all 20 cases of conjunctival xerosis. 

6. All 22 children showed smoky pigmentation of the conjunctiva, 
varying from grade J1 to IV3• 

7 .  In later studies of the conjunctival biopsies - from 2 cases of con
junctival xerosis, the case of corneal xerosis and the case of kera
tomalacia - we found no mucus-producing goblet cells. The kera
tinized, desquamating superficial cell layers did not contain any 
nuclei, whereas many of the nuclei of the deeper cell layers were 
flattened. In the first three cases the epithelium was atrophic; in 
the keratomalacia case the epithelium was hyperplastic and con
sisted of more than 1 0  cell layers. The distribution of the mela
nine pigment was similar to that in the biopsies from the Kenyan 
children discussed in chapters Ill, 4, 5 and 7 (Cf. photos 28, 29 
and 30). 
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8. Both Professor H. A. P. C. Oomen and Dr. J. ten Doesschate 
agreed to our xerophthalmia and PCM-classification. 

Conclusion: 

1. The clinical picture, the results of vital staining and the conjunc
tival biopsies of these 22 Indonesian xerophthalmia patients are 
in accordance with our findings in the xerophthalmia patients in 
Kenya. 

2. 1 0/o lissamine green is to be preferred to 1 Ofo rose bengal for vital 
staining of conjunctival xerosis as it does not smart at all, stains 
more intensely, produces a better contrast (with a brownish or 
reddish conjunctival background), and is somewhat fat-soluble 
and thus even able to stain the greasy surface of the Bitot's spots 
and that of the cornea in case of X-2 and X-3. 

Chapter IV. 2 

VITAL STAINING IN MEASLES KERATO-CONJUNCTIVITIS 

We had the opportunity to perform vital staining in the following 3 
groups : 
1 .  20 Healthy Indonesian children. 

1 3  of them suffered from a purulent conjunctivitis, the other 7 had 
no ocular abnormalities at all. 

None of these 20 children showed staining by 1 Ofo fluorescein, rose 
bengal or lissamine green. The 1 3  children with purulent conjunctivi
tis had a thick lumpy thread in the inferior fornix. This thread was 
stained by 1 °/o rose bengal and 1 °/o alcian blue and consisted appa
rently of pus cells and mucus. The conjunctival biopsies from 2 of 
these 13 children showed thickened hyperplastic epithelium packed 
with mucus-secreting goblet cells and subepithelial infiltration of 
lymphocytes and plasma cells (Cf. photo 32). 

Thus these 20 healthy children can serve as a standard of compari
son with the following 2 groups of measles patients. 
2. 10 well-nourished Indonesian children with measles blepharo

kerato-conjunctivitis. 
All 1 0  patients - 6 boys and 4 girls between 2 and 6 years old -

showed the typical clinical picture of measles blepharo-kerato-con-
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junctivitis similar to that of the 45 well-nourished Kenyan children 
with measles (see Ill, 6). We observed also a deficient pre-ocular 
tear-film, short tear-film-breaking-up-time, and poor mucous thread 
in the inferior fornix in these 1 0  Indonesian measles patients. The 
conjunctival biopsies from one of them showed the same severely 
swollen epithelial cells, destruction of the cell walls with giant cell 
formation and subepithelial infiltration of lymphocytes and plasma 
cells as we found in the biopsies of the Kenyan measles patients (Cf. 
photos 25 and 26). Mucus-producing goblet cells were scarce in these 
2 biopsies. The results of vital staining were identical in the Kenyan 
and Indonesian groups of measles patients. 
3. 6 malnourished Indonesian children with measles kerato-conjunc

tivis. 
All 6 patients - 4 boys and 2 girls between 1 and 5 years old - sho

wed the same clinical picture as their Kenyan counterparts (see III,8). 
The absence of an adequate inflammatory response was striking in 
all 6 cases. The 1 °/o rose bengal and lissamine test were positive in 3 
cases, indicating conjunctival xerosis. One of them, a 3-year-old boy, 
had corneal erosions in both eyes (X-3A) without any inflammatory 
response. The conjunctival biopsies from this boy showed gross de
struction of the keratinized desquamating epithelium with giant cell 
formation and infiltration of the epithelium and subepithelial tissue 
by lymphocytes and plasma cells (Cf. photo 27). Goblet cells were 
lacking. 

All 6 children received a single oral dose of 200.000 IU vitamin A 
palmitate in oil. The corneal erosions healed within 3 days without 
any local therapy. 

Conclusion: 

The clinical picture, the results of vital staining and the conjunctival 
biopsies of these 16 Indonesian children with measles kerato-conjunc
tivitis are in accordance with our findings in their Kenyan counter
parts. 
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V. DISCUSSION 

The new elements in this thesis can be summarized as follows: 
1 .  Demonstration of measles virus in infected corneal and conjuncti

val epithelium by means of fluorescence microscopy and cell cul
tures. 

2. Demonstration of the failing mucus-production of the goblet cells 
of infected conjunctival epithelium in measles by means of exami
nation of the thread in the inferior fornix and conjunctival biop
stes. 

3. Demonstration of the disturbed photopic vision in 1 0  vitamin A 
deficient orphans in Garba Tula by means of bleaching of the 
central part of the retina previous to the dark adaptation test. 

4 .  A plausible explanation for the usual localisation of Bitot's spots 
and for the fact that these spots may become unresponsive to 
adequate vitamin A therapy in older children and adults. 

5. The significance of the tear-film-breaking-up-time (BUT) for the 
diagnosis of xerophthalmia. 

6. The introduction of vital staining by 1 OJo rose bengal and 1 Ofo 
lissamine green for - early - detection of conjunctival xerosis and 
the introduction of a feasible application technique for large-scale 
field surveys. 

7. The use of 1 OJo alcian blue for staining of the thread in the infe
rior fornix in order to evaluate the - failing - mucus-production 
of the conjunctival goblet cells in xerophthalmia and measles ke
rato-conjunctivitis. The reliability of this method was proved by 
the results of the conjunctival biopsies. 

8. Grading of the fine granular pigmentation of the conjunctiva and 
its significance in relat;'Jn to vitamin A-deficiency. 

9. Demonstration of the prevalence of xerophthalmia in Kenya, 
thus in a country where white maize is the staplefood. 

We will now relate these findings in a broader context and stipulate 
some of the implications for future efforts towards solving the xer
ophthalmia problem. 
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A. The prevalence of xerophthalmia in Kenya 

1 .  The disappearance of recognized signs and symptoms of uncom
plicated xerophthalmia in 25 orphans in Garba Tula - in response to 
a single massive oral dose of vitamin A - proves the existence of 
vitamin A-deficiency in Kenyan children who mainly subsist on 
white maize preparations. As the different ocular manifestations of 
hypovitaminosis A were observed in 56 places scattered over Kenya 
and no province or climatic zone was free from it, the conclusion is 
inevitable that xerophthalmia occurred everywhere in Kenya. 

2. One could suppose that malnutrition and vitamin A-deficiency 
do not occur in the densely populated fertile parts of the country 
as such green areas abound in vitamin A-precursors (Cf. Emiru 1971 ) .  
Likewise one could presume that nomads in the semi-dessert - who 
supposedly subsist on milk, blood, meat, berries and white maize -
would be spared from xerophthalmia and malnutrition. These sup
positions proved to be untenable. It can not be taken for granted that 
the available green leafy vegetables, coloured fruits, milk, blood, 
meat and liver are indeed consumed by those who are most in need 
of these foods. 

The results of this investigation bear out again the truth that it is a 
fallacy to deny the occurrence of a dietary deficiency on the basis of 
a presumed adequate diet. 

3. There are many reasons why children do not receive adequate 
food: ignorance, taboos, the venerable right of grown men to eat first 
from the family cooking pot, poverty, growing family size, changing 
feeding patterns, e.g. artificial milk instead of breastfeeding, a de
crease of home-gardening, shifting occupational activities and fre
quent migration of formerly settled people. Seemingly trivial factors 
may play a much more important role than one would be inclined 
to expect. 

Easily recognizable calamities like long-lasting severe drought pro
foundly disturb traditional feeding habits and explain why dietary 
deficiencies do occur among nomadic tribes as well. Their diet may 
usually be adequate but is readily brought out of balance by adverse 
weather conditions, tribal warfare, cultural evolution and the expan
ding influence of modern civilization. Their precarious food supply 
is the very fact which forces these people to lead a nomadic life. 
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Blankhart (1970) rightly emphasized for nutrition surveys the vital 
importance of the answer to the question: ccwhat did the child eat 
yesterday; who fed the child yesterday". This is one of the few pos
sibilities to by-pass misleading information with respect to the diet. 
Dietary surveys should reckon with analysis of those foods which are 
available on the local market and are consumed by the people, especi
ally by the children. 

4. We observed serious cases of xerophthalmia in pre-school and in 
school-age children (see Ill, 7 and 8) and also in a female of 29 (see 
page 99). 

5 .  This study brings out that xerophthalmia is not limited to -
poor - rice consuming communities but occurs also among people 
who have (white) maize for their staple food (Cf. Toureau 1 976). 

It is very likely that future xerophthalmia surveys in Kenya will 
have different results. This is partly due to the well-known seasonal 
variations in the occurrence of manifest vitamin A-deficiency (Oo
men and ten Doesschate 1973 ), partly to changing living conditions. 
We do not pretend that this investigation definitely proves the mag
nitude of the xerophthalmia problem. We found, however, such an 
abundant evidence of hypovitaminosis A in all parts of the country, 
that there is no question of a minor problem which disappears again 
at the turn of the season or with the advent of sufficient rain in co
ming years. If one finds all stages of xeropthalmia with so little 
searching effort, there must be many more similar cases in the same 
area. The adolescents and adults with corneal scarring owing to vita
min A-deficiency present in a certain community represent merely 
the tip of the iceberg of which the major part remains hidden under 
the surface of the sea of non-recognition. Their scars prove the pre
valence of xerophthalmia when they were young. 

Our findings provide sufficient evidence to indicate xerophthalmia 
as a Public Health Probem deserving adequate and pertinent atten
tion at all levels concerned. 

B. Factors associated with xerophthalmia 

1 .  Isolated vitamin A-deficiency in children is probably rare. Xer
ophthalmia is usually linked with protein-calorie malnutrition and 
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other vitamin deficiencies. There is also a close relation with the 
acute and chronic infectious diseases of childhood, which adversely 
affect the absorption, conversion, transport and storage of vitamin A 
(see I. 4). Chronic diarrhoea of nutritional origin is of similar impor
tance. The regeneration of diseased epithelia, e.g. in severe measles, 
chicken-pox and whooping cough, considerably increases the meta
bolic needs for retinol and may soon exhaust the small vitamin A 
stock in the liver of children who subsist on a vitamin A deficient 
diet. Thus subclinical xerophthalmia may become manifest due to 
these diseases which may be considered as triggering or catalysing 
factors. A severe infestation by ascaris worms may probably play an 
important precipitating role as well. 

2. From our study it appeared that measles is the main catalyst of 
xerophthalmia in Kenya. Apart from the known and unknown gene
ral effects on the retinol metabolism, measles also proved to have im
portant adverse local effects on the condition of the cornea and con
junctiva in malnourished children. 

The goblet cells of the heavily infected conjunctival epithelium 
partly lose their capacity to produce sufficient mucus, which results 
in a deficient pre-ocular tear-film. If the mucus-production of the 
goblet cells was already marginal owing to vitamin A-deficiency, it 
may easily stop completely, as soon as the child develops measles 
kerato-conjunctivitis. In that case the infected corneal epithelium is 
at great risk of developing serious lesions (X-3A/X-3B) because of 
the deficient or lacking tear-film. We do not know anything yet 
about the effect of measles on the corneal endothelium. 

As stated in chapters Ill, 9, 1 0  and 1 1 ,  severe xerophthalmia may 
become manifest shortly after - premature - discharge from the hos
pital, when the malnourished child is still on the way to recovery 
from severe measles. The replacement of the often grossly pealed off 
epithelium of the skin and that of the diseased epithelia of the respi
ratory and digestive tracts obviously constitutes a too great demand 
on the small vitamin A store in the liver, thus triggering the outbreak 
of xerophthalmia. 

3. Children suffering from severe protein-calorie malnutrition have 
a deficient immuno-response (Burnet 1 968, Scrimshaw 1 968). In these 
cases infectious diseases have a more severe character resulting in a 
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higher mortality. In the survivors the infection has a prolonged 
course which considerably increases the risk of developing xeroph
thalmia, especially in case of measles. 

4. The clinical picture of xerophthalmia in combination with meas
les kerato-conjunctivitis may be complicated and confusing. Macros
copically visible vital staining by 1 Ofo rose bengal or 1 Ofo lissamine 
green exposes the hidden xerophthalmia cases, however. 

C. The recognition of xerophthalmia 

1 .  Surveys designed to answer the question whether xerophthalmia 
occurs in a certain community or not, should be supplemented by 
surveys of hospitalized children suffering from triggering diseases. 

2. The recognition of the uncomplicated clinical picture of xeroph
thalmia does not pose many problems to diagnosticians who have 
had special training in this field. For Health Workers who are not 
familiair with the - ocular - manifestations of vitamin A-deficiency, 
the proper diagnosis may be difficult. This is even more so, if xeroph
thalmia occurs in combination with other (eye) diseases, especially 
measles and chicken-pox. The unrecognized problem is usually con
sidered to be non-existent and its possible role is not taken into 
consideration at all. 

3. Nutrition surveys aiming at an assessment of the magnitude of 
the xerophthalmia problem in certain areas will be performed by 
Health Workers who are trained in the recognition of the clinical 
signs and symptoms of hypovitaminosis A. 

Demonstration of night-blindness (X-N) - the first known symp
tom of xerophthalmia - is only possible in individual cases and 
very time-consuming. Therefore night-blindness is not a feasible 
indicator of hypovitaminosis A in large-scale field surveys. In disea
sed children and in infants younger than 1 year old, even an easy 
test for night-blindness is out of the question. 

For experienced field workers the diagnosis of conjunctival xerosis 
(X-1A) is often not easy, as the decision between a bright, glossy, 
moistened conjunctiva and a dry, dull, greasy, water-repellent con
junctival surface is difficult in borderline cases. In case of pronoun
ced smoky pigmentation, thickening and wrinkling of the conjunc-
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I X EROPHTHAL�IIA: X I A  4 2  XEROPHTHALMIA: X I A  + X I B  
I .  Bitot's spot with I'/• lissaminc BTCcn positive border 2. cc 
junctivrll xerosis stained by t •t, llssamine green (grade 11) 
Photo made by H . A. P. C. Oomcn 

3 XEROPHTHALMIA: X I  4 4  XEROPHTHALMIA: X I A  X I B  

I .  con.iunctival 

I. very large oblonB Bitot's spot with 1°/o lissamine green posit1 
border 2. conjunctival xerosis stained by t 0/o lissamine green (gril 
Ill) 3. smoky pigmentation grade IV' ' Photo made by 

• " H. A. P. C. Oomcn 

46 X EROPHTHALM IA: X3B 
lissamine green (grade Ill) I. opaque cornea stained by 1'/o rose bengal and 1°/o 1issam1 

green 2. greasy thickened wrinkled bulbar conjunctiva 3. p 
ocular tear-film Jacking 4. inflammatory response Jacking 
smoky pigmentation grade IV' 6. conjunctival xerosis stained 
1°/o lissamine green 

48 HEALING XEROPHTHALMIA [XIA) 
1 . enormous mucous thread in inferior fornix nnd on everted lo� 
lid, intensively stained by blue 2. M arx' line stain 
., '''• ••••m'"' '"" 

� 

2. no staining (any more) close to conjunctival bi<JO<IIv01ssells 

Photo made by H. A. P. C. Oomen 







tiva and in (sub)acute or chronic conjunctivitis (e.g. trachoma) the 
clinical picture may be puzzling and easily give rise to over- or un
derestimation. 

4. Using vital staining by 1 Ofo rose bengal or 1 Ofo lissamine green the 
presence of conjunctival xerosis is exposed by the distinct red or blue
green colour which is easily visible to the unaided eye at a distance of 
1 metre. Ill-developed Bitot's spots are rendered better visible by the 
surrounding red or blue-green zone. The feasibility of vital staining -
with the aid of a 1 0  Jtl pipette with sterile disposable tips - for early 
detection of xerophthalmia in field surveys was confirmed by Dr. 
J. A. Kusin, who - on our suggestion - in 1 97 4 screened about 3000 
children in Medan on North Sumatra by means of 1 °/o rose bengal 
and in 1975 over 2000 children in East Java using 1 Ofo lissamine 
green. With the help of vital staining it is possible to recognize all 
cases of actual conjunctival xerosis (X-1 A) as such, which is a great 
help for both the better and less trained diagnosticians in Health 
Centres and in field surveys. 

As the vital staining method ought to be useful for screening pur
poses in field surveys, we have strictly kept to the criterium: easy 
visibility of the staining of the xerotic conjunctiva to the unaided eye 
at a distance of 1 metre. We purposely never mentioned the cases 
who showed a fine, diffuse, punctate red staining of the exposed bul
bar conjunctiva on both sides of the cornea. This degree of staining 
was just visible on careful, close examination (at about 20 cm) with 
proper lateral focal illumination. With the aid of the hand-loupe or 
hand-slit-lamp these tiny red dots were distinctly visible. Franken 
(1975) using 1 Ofo rose bengal in malnourished children in Bangladesh 
and Kusin ( 1975) using 1 Ofo lissamine green in field surveys in East 
Java, also observed this degree of staining in many cases. It is beyond 
question that a smaller or larger percentage of these children suffered 
from "pre-xerosis", i.e. beginning xerosis. As, however, the tear-film
breaking-up-time (BUT) in those cases was longer than 10  seconds 
with 1 0  consecutive measurements, there was no question yet of 
slight, subclinical conjunctival xerosis in these children. As mentioned 
in chapter II .  4, the cornea and bulbar conjunctiva may show a few 
scattered staining dots in chronic conjunctivitis. As many of the chil
dren under examination suffer from conjunctivitis (e.g. trachoma), 
the evaluation of this degree of staining is extremely difficult and 
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confusing. We do not recommend vital staining for the detection of 
"pre-xerosis", as the risk of numerous false positive cases is very 
great in the presence of conjunctivitis. 

If used according to the technique described in this thesis (see II. 5,  
III.  4,  5 ,  7, 8 and IV. 1 and 2), vital staining by 1 Ofo rose bengal or 
1 Ofo lissamine green is a safe, sensitive, specific, simple and cheap 
method for - early - detection of cases of conjunctival xerosis 
(X-1A), both in Health Centres and in large-scale field surveys. As 
stated in chapter I. 3, other causes of conjunctival xerosis are extre
mely rare and always easily recognizable as such. They are of no 
significance in areas where xerophthalmia is (highly) endemic. 

The absence of conjunctival xerosis in a certain community is, 
however, no argument against the existence of (subclinical) vitamin 
A -deficiency. 

5. The significance of Bitot's spots in relation to vitamin A-defi
ciency is still a point of discussion in the literature. Our study con
firms the view that Bitot's spots in children are pathognomonic of 
actual or recently sustained hypovitaminosis A, provided they are not 
caused by other - readily recognizable - ophthalmic pathology (see I .  
3). Bitot's spots in adolescents and adults indicate most likely xeroph
thalmia sustained in childhood, if they are not caused by ocular di
seases. These spots do no longer respond to adequate vitamin A the
rapy because of irreversible local metaplasia of the underlying con
junctival epithelium. They disappear only definitely after sur
gical excision (see III. 4). If responsive to vitamin A therapy, Bitot's 
spots indicate hypovitaminosis A in children, adolescents and adults. 

The usual localisation of Bitot's spots on both sides of the cornea 
is most likely partly due to the complete lack of mucus-producing 
goblet cells in these triangular areas of the bulbar conjunctiva. The 
distribution of the goblet cells also explains why Bitot's spots are 
usually most pronounced at the temporal side of the cornea (see 
diagram in chapter II. 6). 

The absence of Bitot's spots in a certain community is no argument 
against the existence of (subclinical) vitamin A-deficiency. 

6. A distinct fine granular pigmentation, thickening and wrinkling 
of the bulbar conjunctiva indicate most likely formerly sustained 
vttamm A deficiency, in particular if observed in young infants. 
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These signs are, however, no reliable indicator for actual hy
povitaminosis A. The significance of these phenomena for the assess
ment of the magnitude of the xerophthalmia problem in certain areas 
may be compared with the importance of the number of Bitot's spots 
found in the group under study. They all indicate the presence of a 
xerophthalmia problem in the community concerned. 

The striking uniformity of the extent of smoky pigmentation of 
the conjunctiva (grade I, II, Ill and IV) and of the extent of staining 
by 1 Ofo rose bengal or 1 Ofo lissamine green (grade I, II,  Ill and IV) 
points to a - close - relation between smoky pigmentation and con
junctival xerosis owing to vitamin A-deficiency. 

Both eyes showed invariably the same degree of smoky pigmen
tation. 

7. Biochemical data - total protein, protein spectrum, albumin/glo
bulin ratio, retinol, ,Bcarotene, retinol-binding protein - are important 
indicators, if available on a large scale, preferably from a series of 
consecutive determinations. They provide, however, no definite in
formation about the clinical picture or the magnitude of the xeroph
thalmia problem in a certain area. The serum retinol levels are no 
direct indicator of the vitamin A store in the liver. In nutrition 
surveys a careful assessment of what each child actually consumes, is 
at least as important as the collection of blood samples. Vital staining 
by 1 °/o rose bengal or 1 °/o lissamine green reveals how many of the 
children under examination really suffer from xerophthalmia 
(X-1A). 

D. Public Health aspects 

1 .  The results of our investigation point to the omnipresence o f  xer
ophthalmia in Kenya and incrimate this deficiency disease as the 
main cause of blindness in children. The need for preventive measures 
is evident but the actual planning and execution of such measures is 
far from easy. 

2. As this investigation has shown that malnourished children suffe
ring from measles (kerato-conjunctivitis) readily develop severe xer
ophthalmia, much would be achieved already if all such children 
would receive a single massive oral dose of vitamin A as soon as pos
sible. This routine measure taken in all Health Centres would cer
tainly prevent many cases of child blindness. 
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Vaccination against measles is a very complicated and expensive 
procedure which can not be effectuated in Kenya on a large scale in 
the near future. A comparison of statistics regarding mortality owing 
to measles in East Africa points to malnutrition as the decisive factor. 
Well-nourished children hardly ever die from measles, whereas mal
nourished children show a mortality rate up to 400fo (Gupta and 
Singh 1975). We found that a single massive oral dose of vitamin A 
given in due time effectuated a prompt healing of measles kerato
conjunctivitis in malnourished - vitamin A-deficient - children (see 
Ill. 8) .  It is very likely that such medication favours also the regene
ration of the diseased epithelia of the respiratory, digestive and uro
genital tracts, thus reducing the appallingly high mortality and the 
gravity of the other complications of measles in such children as well. 

3. On similar grounds it seems wise to give a single massive oral 
dose of vitamin A to every malnourished child suffering from (un
diagnosed) fever or affections of the respiratory, digestive or uro
genital tract. 

4. It seems justified to keep vitamin A capsules ready in sufficient 
quantity in all Health Centres as long as cases of malnutrition occur. 
The relatively cheap vitamin A capsules•:· are probably at least as im
portant as the (much) more expensive antibiotics, chemotherapeutics, 
transfusion solutions and other drugs given in such cases. A stock of 
ampoules with vitamin A palmitate in water - for additional intra
muscular administration in severe cases of gastro-enteritis - seems also 
useful. 

5. Biannual administration of a single massive oral dose of vitamin 
A to children "at risk" - given under strict supervision to avoid in
toxication - seems only indicated in areas where xerophthalmia is 
highly endemic. 

6. It should be stressed that the administration of a large dose of 
vitamin A is nothing but an emergency measure. Nutrition education, 
the promotion of cheap, readily available carotene sources and other 
measures to achieve an adequate diet are the only real, logical solu
tion of the problem. 

" 1 capsule costs about 8 US $ cents, i.e. about K Sh t/2• 
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VI. SUMMARY AND CONCLUSIONS 

In many African countries measles is considered to be an important 
cause of blindness. 

On the basis of his observations in Kenya and Tanzania in 1972 
Franken presumed, however, that in the majority of these cases xer
ophthalmia was the real cause of blindness, precipitated by the 
"catalyst" measles. 

In order to gain a better understanding of this important compli
cated problem, we performed in the first half of 197 4 an investiga
tion in Kenya into the prevalence of xerophthalmia. In December 
1974 we had the opportunity to evaluate our Kenyan findings on 
Java, in the company of Dr. J. ten Doesschate and Professor 
H. A. P. C. Oomen. The results of this investigation in Kenya and 
Indonesia are presented in this thesis. 

In the chapters concerned the following aspects are under discussion: 
I. Introduction 
I .l . The name, the history, the magnitude of the problem, the pre-

vention and therapy of xerophthalmia. 
!.2. The clinical picture of the stages in xerophthalmia. 
! .3 .  The differential diagnosis of xerophthalmia. 
I.4. The main dietary sources and some biochemical aspects of vita

min A. 
I .S .  Ophthalmic pathology owing to measles in well-nourished chil

dren. 
!.6. The scope of the investigation: 

to obtain a thorough general impression of the prevalence of 
xerophthalmia in Kenya, 
to study the clinical picture of xerophthalmia, 
to study the clinical picture of measles kerato-conjunctivitis 
both in well-nourished and in malnourished Kenyan chil
dren, 
to evaluate the role of measles, other infectious diseases and 
xerophthalmia in oncoming blindness in Kenyan children, 
to evaluate the usefullness of vital staining for the early 
diagnosis of xerophthalmia, in particular in respect to large
scale field surveys. 
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II. Method of investigation 
11 . 1 .  The environment and living conditions of the populations under 

study. 
11.2. The itinerary and patient material. 
11 .3 .  The ophthalmic examination, especially the methods feasible 

under primitive circumstances. 
11.4. Those aspects of vital staining methods, which are of impor

tance for the examination of the cornea and conjunctiva. 
11 .5 .  The results to be expected of vital staining in xerophthalmia 

and the substantial advantages of a 1 0  pl pipette with sterile dis
posable tips for field surveys. 

11.6. The virologic examination of corneal and conjunctival epithelial 
scrapings from 37 children suffering from measles kerato-con
junctivitis; the histopathologic examination of conjunctival 
biopsies from 66 children suffering from xerophthalmia and/or 
measles kerato-conjunctivitis. 

11.7. The physical, anthropometric and blood examination of 98 chil
dren suffering from xerophthalmia. 

Ill. Findings in Kenya 
The ocular findings and the results of vital staining by 1 Ofo fluor

escein, 1 °/o rose bengal and 1 0fo alcian blue in : 
111 .1  96 healthy well-nourished Kenyan control children. 
111 .2. 50 healthy well-nourished orphans. 
111.3.  1 20 orphans living on a marginal diet. 
111 .4.  77 orphans living on a vitamin A deficient diet, before and 

after vitamin A therapy. 
In this last group of children we had the opportunity to com
pare the dark adaptation of the cones and that of the rods 
separately with the ditto dark adaptation of 4 normal control 
persons. As the night-blindness, rose bengal staining of the 
conjunctiva and Bitot's spots in 25 orphans disappeared com
pletely in response to vitamin A therapy, the conclusion is 
inevitable that these signs and symptoms really had been due 
to vitamin A deficiency. 

111.5.  The results of an elaborate investigation into the prevalence 
of the different stages of xerophthalmia in Kenya; the evalu
ation of the usefulness of vital staining by 1 °/o rose bengal for 
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large-scale field surveys ; the results of the blood examination 
and histopathologic examination of conjunctival biopsies from 
1 3  night-blind children with conjunctival xerosis (X-1A). 

III.6. The clinical picture of measles kerato-conjunctivitis in 45 
well-nourished Kenyan children; the results of the virologic 
examination of corneal and conjunctival epithelial scrapings 
from 1 5  of these children and the histopathologic examination 
of conjunctival biopsies from 1 0  of them. 

III.7. The clinical picture of severe xerophthalmia in 34 malnou
rished hospitalized Kenyan children and the results of the 
physical, anthropometric and blood examination; the histopa
thologic examination of conjunctival biopsies from 1 0  of these 
children. 

III.8.  The clinical picture of xerophthalmia in combination with 
measles kerato-conjunctivitis in 234 malnourished Kenyan 
children. The results of the ophthalmic, physical, anthropo
metric and blood examination in 5 1  of these children; the vi
rologic examination of corneal and conjunctival epithelial 
scrapings from 22 of them; the histopathologic examination 
of conjunctival biopsies from 1 3  of these 5 1  children. 

III.9. The results of a scrutiny of 1434 paediatric files in a medium
size hospital in a densely populated green fertile area. 

III.l 0. Causes of blindness in the 7 schools for blind children. 
III. 1 1 .  Causes of corneal scarring. 

IV Findings on Java 
IV. l .  The results of vital staining by 1 Ofo fluorescein, 1 Ofo rose bengal, 

1 Ofo lissamine green and 1 Ofo alcian blue in 22 Indonesian chil
dren suffering from the various stages of xerophthalmia. 

IV.2. The results of vital staining by these dyes in 20 Indonesian chil
dren for comparison and in 1 0  well-nourished and 6 malnou
rished Indonesian children suffering from measles kerato-con
junctivitis. 

V. Discussion of the findings in Kenya and Indonesia 
At the end of the chapters Ill and IV the various findings are dis

cussed in detail. 
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In this final discussion the following general aspects of the investi-
gation are emphasized: 

the prevalence of xerophthalmia in Kenya, 
factors inducing xerophthalmia, 
the recognition of xerophthalmia, 
Public Health aspects. 

Conclusions 

1 .  Xerophthalmia occurred nearly everywhere in Kenya in 1 974. 
This demonstrates the prevalence of xerophthalmia in communi
ties which - do not have ,rice but - have maize for their staple
food. 

2. Xerophthalmia appears to be the main cause of blindness in Ken
yan children. 

3. Measles often plays - by means of local and general "catalysing" 
effects - an important role in the development of blindness caused 
by xerophthalmia. 

4. In well-nourished children measles is of no consequence as a cause 
of blindness. 

5. Vital staining by 1 Ofo rose bengal or 1 Ofo lissamine green appears 
to be a real asset for the early diagnosis of xerophthalmia in 
Health Centres and in field surveys. This method is therefore of 
great importance for the prevention of severe, blindness inducing 
vitamin A deficiency. 
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VI. SAMENV A TIING EN CONCLUSIES 

In veel Afrikaanse landen worden ernstige mazelen als een belang
rijke blindheidsoorzaak beschouwd. 

Op grond van zijn waarnemingen in Kenia en Tanzania in 1 972 
achtte Franken het echter zeer waarschijnlijk, dat in de meeste van 
deze gevallen door mazelen ,gekatalyseerde" xerophthalmie de wer
kelijke blindheidsoorzaak was. 

Terwille van een beter begrip van dit belangrijke gecompliceerde 
probleem, hebben wij in de eerste helft van 197 4 een onderzoek in 
Kenia gedaan naar het voorkomen van xerophthalmie. In december 
1974 konden wij onze Keniaanse bevindingen op Java toetsen, in ge
zelschap van Dr. J. ten Doesschate en Professor Dr. H. A. P. C. 
Oomen. De resultaten van dit onderzoek in Kenia en Indonesie zijn 
verwerkt in dit proefschrift. 

In de betreffende hoofdstukken komen de volgende aspecten aan de 
orde: 

I. I nleiding 
! . 1 .  De naam, de geschiedenis, de omvang van het probleem, de pre-

ventie en therapie van xerophthalmie. 
!.2. Het klinische beeld van de verschillende xerophthalmie stadia. 
! .3.  De differentiaaldiagnose van deze stadia. 
1.4. De belangrijkste voedselbronnen en enkele biochemische aspec

ten van vitamine A. 
!.5.  Oogafwijkingen als gevolg van mazelen bij goed gevoede kin

deren. 
!.6. De doelstellingen van het onderzoek: 

het verkrijgen van een goede algemene indruk van het voor
komen van xerophthalmie in Kenia, 
een oogheelkundige studie van het klinische beeld van xe
rophthalmie, 
een oogheelkundige studie van het klinische beeld van maze
len keratoconjunctivitis bij goed gevoede en ondervoede Ke
niaanse kinderen, 
een evaluatie van de rol van mazelen, andere infectieziekten 
en xerophthalmie bij het ontstaan van blindheid bij Keniaan
se kinderen, 
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een evaluatie van de bruikbaarheid van vitale kleuring voor 
de vroegdiagnostiek van xerophthalmie, met name m ver
band met veldonderzoek op grotere schaal. 

II. M ethode van onderzoek 
II. l .  De omgeving en levensomstandigheden van de onderzochte be

volkingsgroepen. 
II.2. Het reisschema en het patientenmateriaal. 
II .3.  Het oogheelkundig onderzoek, met name de onder primitieve 

omstandigheden uitvoerbare technieken. 
II.4. De voor het onderzoek van de cornea en conjunctiva belangrijke 

aspecten van vitale kleuringsmethoden. 
II .S .  Het te verwachten effect van vitale kleuring bij xerophthalmie 

en de essentiele voordelen van een 1 0  pl pipet met steriele dis
posable tips voor het veldonderzoek. 

II.6. Het virologisch onderzoek van cornea- en conjunctiva-epitheel 
afschraapsels van 37 kinderen met mazelen keratoconjunctivitis; 
het pathologisch-anatomisch (PA) onderzoek van conjunctiva 
biopsieen van 66 kinderen met xerophthalmie en/of mazelen ke
ratoconjunctivitis. 

II.7. Het algemeen lichamelijk, antropometrisch en bloedonderzoek 
van 98 kinderen met xerophthalmie. 

Ill. Bevindingen in Kenia 
De oogheelkundige bevindingen en het effect van vitale kleuring 

met 1 °/o fluoresceine, 1 °/o bengaals rood en 1()/o alciaan blauw bij : 
III. l .  96 gezonde, goed gevoede Keniaanse controle kinderen. 
III.2. 50 gezonde, goed gevoede weeskinderen. 
III.3.  1 20 weeskinderen met een marginale voeding. 
III.4.  77 weeskinderen met een vitamine A deficient dieet, v66r en 

na vitamine A therapie. 
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Bij deze laatste groep kinderen konden wij tevens de donker
adaptatie van de kegeltjes en staafjes afzonderlijk toetsen aan 
die van 4 controlepersonen met een normale donkeradaptatie. 
Uit het verdwijnen van de nachtblindheid, bengaals rood 
kleuring van de conjunctiva en Bitotse vlekken bij 25 weeskin
deren - als gevolg van vitamine A therapie - mag men conclu
deren, dat deze verschijnselen inderdaad veroorzaakt waren 
door vitamine A gebrek. 



III.5. De resultaten van een uitgebreid onderzoek naar het voorko
men van de diverse stadia van xerophthalmie in Kenia; het 
toetsen van de bruikbaarheid van vi tale kleuring met 1 °/o 
bengaals rood voor veldonderzoek op grotere schaal ; de resul
taten van het bloedonderzoek en PA onderzoek van conjunc
tiva biopsieen van 1 3  nachtblinde kinderen met xerosis con
junctivae (X-1A). 

III.6. Het klinische beeld van mazelen blepharokeratoconjunctivitis 
bij 45 goed gevoede Keniaanse kinderen ; de resultaten van het 
virologisch onderzoek van cornea- en conjunctiva-epitheel af
schraapsels van 1 5  van deze kinderen en het PA onderzoek 
van conjunctiva biopsieen van 1 0  van hen. 

III.7. Het klinische beeld van ernstige xerophthalmie bij 34 onder
voede, opgenomen, Keniaanse kinderen en de resultaten van 
het algemcen lichamelijk, anthropometrisch en bloedonder
zoek; het PA onderzoek van conjunctiva biopsieen van 10  
van deze kinderen. 

III.8. Het klinische beeld van xerophthalmie in combinatie met ma
zelen keratoconjunctivitis bij 234 ondervoede Keniaanse kin
deren. De resultaten van het oogheelkundig, algemeen licha
melijk, anthropometrisch en bloedonderzoek bij 5 1  van deze 
kinderen; het virologisch onderzoek van cornea- en conjunc
tiva-epitheel afschraapsels van 22 van hen; het PA onderzoek 
van conjunctiva biopsieen van 1 3  van deze 5 1  kinderen. 

III.9. De resultaten van het onderzoek van de statussen van 1 434 
opgenomen kinderen in een middelgroot ziekenhuis m een 
dichtbevolkt groen vruchtbaar gebied. 

III.1 0. Blindheidsoorzaken in de 7 blindenscholen. 
III. 1 1 .  Oorzaken van cornea-littekens. 

IV. Bevindingen op Java 
IV.l .  Het effect van vitale kleuring met 1 °/o fluoresceine, 1 D/o ben

gaals rood, 1 °/o lissamine groen en 1 °/o alciaan blauw bij 22 In
donesische kinderen met de diverse stadia van xerophthalmie. 

IV.2. Het effect van vitale kleuring met deze stoffen bij 20 Indone
sische controle kinderen, 1 0  goed gevoede en 6 ondervoede In
donesische kinderen met mazelen keratoconjunctivitis. 
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V. Bespreking van de bevindingen in Kenia en Indonesie 
Aan het eind van de hoofdstukken Ill en IV worden de diverse 

bevindingen uitgebreid besproken. 
Bij deze slotbespreking ligt het accent op de volgende algemene as-

pecten van het onderzoek: 
het voorkomen van xerophthalmie in Kenia, 
factoren van belang voor het ontstaan van xerophthalmie, 
de herkenbaarheid van het ziektebeeld, 
aspecten van belang voor de volksgezondheid. 

Conclusies 

1 .  Xerophthalmic kwam in 1974 vrijwel overal in Kenia voor. Hier
uit blijkt, dat dezc deficientie ziekte ook wijdverspreid kan voor
komen onder bevolkingsgroepen, die - niet rijst maar - mais als 
hoofdvoedsel hebben. 

2. Xerophthalmie blijkt de voornaamste blindheidsoorzaak bij Ke
niaanse kinderen te zijn. 

3. Mazelen speelt vaak - via locale en algemene ,katalyserende" ef
fecten - een belangrijke rol bij het ontstaan van blindheid door 
xerophthalmie. 

4. Bij goed gevoede kinderen is mazelen van geen betekenis als 
blindheidsoorzaak. 

5. Vitale kleuring met 1 °/o bengaals rood of 1 Ofo lissamine groen 
blijkt een essentiele aanwinst te zijn voor de vroeg-diagnostiek 
van xerophthalmie in gezondheidscentra en bij veldonderzoek. 
Deze methode is derhalve van groot belang voor de preventie van 
ernstige, tot blindheid leidende vitamine A deficientie. 
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