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STELLINGEN

De bruikbaarheid van analytische methodieken welke niet gepubliceerd zijn in
wetenschappelijke tijdschriften dienen met argwaan te worden bekéken; dit
houdt echter niet in dat alle gepubliceerde methodieken wel bruikbaar zijn.
(c.a. dit proefschrift) : :

In recente publikaties over de scheiding van verschillende caroteen-

frakties uit menselijk serum ontbreekt veelal een verwijzing naar het in de

periode 1935-40 door Lanzing en van Veen in het toenmalige Nederlands~Indié

verrichte werk. Dit is onterecht. :

— J.C. Lanzing, Mededelingen Dienst Volksgezondheid Ned-Indié&
1938;17:213-23.

- A.G. van Veen en J.C. Lanzing, Geneesk Tijdschr v. Ned-Indié
1940;:80:514-37.

Bij de evaluatie van serumwaarden voor albumine, retinol-bindingseiwit,
prealbumine en retinol, in kinderen met mazelen dient rekening te worden
gehouden met de duur van de mazeleninfektie.

(dit proefschrift}

De prevalentie van corneale littekens ten gevelge van xerophthalmie kan

binnen een periode van drie jaar niet met en faktor tien worden verlaagd

door aan 10% van de kinderen onder zeven jaar welke op aselekte wijze zijn

geselekteerd, capsules met een hoge dosis vitamine A te verstrekken.

—~ Assessment of the prevalence of xerophthalmia in Haiti, American
Foundation for Overseas Blind, New York, 1976.

- Evaluation of a programme to prevent xerophthalmia in Haiti, Helen
Keller International, New York, 1979.

Het ligt niet in de eerste plaats aan de landen waar xerophthalmie een
probleem is, dat de ‘door FAC en WHO ter bestrijding van vitamine A
deficiéntie opgezette 10 jaren programma’s gedoemd zijn te mislukken,




6. De biologische effektiviteit van op de juiste wijze gebruikte
oral-rehydration fluids is goed gedokumenteerd, maar de effektiviteit op
gemeenschaps niveau hangt sterk af van de manier waarop deze vloeistof in de
praktijk wordt toegepast.

- L.C. Chen, Lancet 1986,1i,1260-4.

7. vanaf het moment, dat er op de verpakking van "Boerenlandmelk" de op
zichzelf juiste opdruk “extra volle melk" of "vette melk" zou verschijnen,
valt een dalende vraag naar dit produkt te verwachten.

8. Alhoewel wetenschappelijk gezien interessant en wellicht leidend tot
financiéle besparingen valt het niet te verwachten dat er naar het effekt
van kransvatchirurgie een dubbelblind onderzoek bij de mens zal worden
uitgevoerd.

9. Als auteurs om den brode gedwongen worden zoveel mogelijk publikaties op hun
naam te krijgen, zouden zij kunnen overwegen om steeds twee of meer
deelpopulaties in hun onderzoek te betrekken ten einde over elke populatie
apart, maar wel in het zelfde nummer van een wetenschappelijk tijdschrift,
kort te publiceren.
= J.J. Coumsilman, et al. Breastfeeding among poor Singaporeans,

J Trop Ped 1986;32:310-2.
- J.J. Oumnsilman, et al. Breastfeeding among well-to-do Singaporeans,
J Trop Ped 1986;32:313-7.

10.Het verhoogde gezondheidsrisiko van "dikke boeren" in Groningen en Drente
wordt wellicht meer veroorzaakt door een falend internationaal
landbouwbeleid dan door een ongunstig lichaamsgewicht uitgedrukt in
gewicht/lengte?.

Proefschrift F. Pepping
Rerophthalwia and post-measles eye lesions in children in Tanzania.
Wageningen, 25 november 1987,
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PREFACE

The concept of detaching someone from the Department of Human Nutrition of
the Wageningen Agricultural University at the Tanzania Food and Nutrition Centre
(TFNC) arose in the spring of 1981 at a meeting between Professor J.G.A.J.
Hautvast, Dr T.N. Maletnlema (Managing Director TFNC) and Dr C.E. West. I
gratefully acknowledge the confidence they had in me then to carry ocut my
assignment.

Professor 5. Franken joined our group when partly as a result of my stay at
TFNC it was decided to submit a research proposal for funding to the Netherlands
Foundation for the Advancement of Tropical Research (WOTRO) with the aim to
carry out a number of studies on vitamin A deficiency in Tanzania.

To Jo Hautvast, Simon Franken and Clive West: I have enjoyed working with you
the last four years and want to express my sincere thanks to you for all the
assistance obtained not only during my stay in Tanzania but also during the
final year of analyses and writing up of the results.

I am very grateful to Dr Maletnlema for his permission to work at TFNC for
three years; his advice on many scientific and technical matters have been of
great help.

Without the participation and assistance of many it would not have been
possible to carry out the research described in thisg thesis. With gratitude I
want to acknowledge the help of the following persons and organizations,

— At TFNC, Dr Festo P. Kavishe (Director of the Department of Medical Nutritiom)
and Mr Claver R. Temalilwa (Director of the Laboratory Department), provided
continuous support for my research work. Members of staff at TFNC,
particularly in the laboratory, extended to me their hand of friendship and
carried the burden of my presence, I would like to thank especially "my"
technicians Jesinala W. Mpembela, Renatus N. Kitwenga and Vincent Assey.

- The ophthalmologists Dr D.M. Mroso and Dr Margreet Hogeweg provided me with
assistance in the field work.

- The eyenmurses Mr Alfred N.E. Mung'ong‘o and Mr Shatiel Magwano, and the
District Maternal and Child Health Coordinator for Nzega District Mrs
Christine Sylvester assisted with the surveys in Iringa and Tabora.

— A number of students from Holland participated in the research activities in
Tanzania: Mr Geert van Poppel, Ms Erica Hackenitz, Ms Anneke van der Giezen
and Ms Karin de Jonge; other students worked in Wageningen on various aspects
of the project: Mr Werner Schultink, Ms Ineke Scholte, Mr Rudolf Kaaks,

Mr Rob Roggebrand, Mr Andrew Brown, Ms Marion Gijbels and Ms Karina Vencken.
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— UNICEF (Dar es Salaam) provided techniral assistance. I would especially like
to thank Mr Mike B. Spencer (UNICEF consultant) for his assistance to Erica
Hackenitz and me with data analysis.

- The Royal Netherlands Embassy in Dar es Salaam and the Ministry of Foreign
Affairs in The Hague assisted in solving housing, transport and communication
problens,

- The Foundation for the Battle Against Blindness in Developing Countries
{Stichting Blindheidsbestrijding Ontwikkelingslanden) made it possible to
carry out the follow up study in Tabora Region and the Harald Quintus Bosz
Foundation gave financial support to allow me to attend the International

" Vitamin A Consultative Group meeting in Hyderabad (India).

- The medical officers, ophthalmolegists and paediatricians, then working at the
hospitals participating in the hospital-based research on post-measles
blindness, Drs D, Masoza, G.L.L, Kassililika, I.A.R., Msigua, L.T. Khan, N,
Kinabo, W. Mpanju and A.E. Msengi assisted us greatly. I am especially
grateful to Dr K.K.A. Msambichaka for her stimulating assistance at Temeke
Hospital during the initial phase of the project.

—~ Dr Maureen B. Duggan {University of Sheffield) critically reviewed some
chapters of this thesis and her experience has been of great help.

- Dr M.A.J. van Montfort {Department of Mathematics) gave me advise on
statistical matters and Mr F.S.H.M. Werrij of the same department assisted
with the transfer of data from microcomputer to the university mainframe
computer.

— The staff of the Central Service Department of the Biotechnion prepared maps,
figures and photographs for the thesis.

Finally, I want to thank the staff of the Department of Human Nutrition and the

International Course in FPood Science and Nutrition (ICFSN) for their interest in

the study and specifically Ms Ans Soffers and Mr Frans Schouten for the retinol

analyses, Mr Peter van de Bovenkamp for his advice on the food analysis, Ms Ine

Halferkamps and Ms Erica Hackenitz for the computer analysis of the data

described in Chapters 2, 3, 7 and 8, Jan Burema for statistical advice and

proof-reading, Mrs Marlou Mertens for logistic assistance, Dr Frits van der Haar
for his help in the early stage of the project both in Dar es Salaam and
wageningen and for his comments on some of the manuscripts, and Mr Marcel van

Leuteren, Ms Bianca Dijksterhuis and Mrs Riet Hoogkamer—Weijman for typing the

manuscripts.

Wageningen, August 1987 Fré Pepping
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ABSTRACT

From 1983 until 1986 a number of studies were carried out in
collaboration with the Tanzania Feod and Nutrition Centre on vitamin A
deficiency and post-measles nutritional blindness.

Prevalence surveys were carried out in four regions in Tanzania in order
to estimate the magnitude of xerophthalmia where it was found to be a
problem in certain clusters of villages. The retinol and carotenoid content
of certain food products were analysed and the results subsequently used in
a study to estimate the nutrient intake of children suffering from
xerophthalmia. The intake of vitamin A in these children was low.

In children with measles, serious eye lesions which may easily result in
blindness, were observed in 3-4% of the children admitted to a number of
hospitals. Serum retinol levels in these children were extremely low while
in children with measles and not developing such lesions levels were
somewhat higher although they were still rather low. These findings confirm
the role of vitamin A in the aetiology of post-measles eye lesions.
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1. INTRODUCTION

"The state of the world’s children®

For some years now the Director of the United Nations Children’s Fund
(UNICEF) has reported on the state of the world's children (1,2). A number of
"low-cost" and "low-risk" strategies have been introduced in order to improve
the nutritional and health status of children at risk. Growth monitoting, oral
rehydration therapy, prolonged breastfeeding and univergal immmization
against a number of diseases (GOBI} are given high priority. It is said that
these measures can be introduced now because they are independent of the
economic and political changes necessary in the longer term to eradicate
poverty (1}.

Not withstanding such efforts, malnutrition in many forms still threatens
the life and health of many children in Africa, Asia and Latin America.
Development of the agricultural sector will be necessary to solve the world's
food problems although increases in food production will have to be
accompanied by improved food distribution in order to increase food
consumption and overcome malnutrition (3).

In this thesis the results are presented of a number of studies carried out
in Tanzania (East Africa} in which the role of malnutrition in general and a
shortage of vitamin A in particular has been examined in preschool-age
children. Details of a number of factors which appear to exacerbate the
effects of vitamin A deficiency are also given and suggestions for further
action are made.

Vitamin A

The generic term vitamin A refers to all fat-soluble compounds present in
foods with the biological activity of retinol. Vitamin A occurs in two forms:
as pre-formed retinol and as provitamin A compounds such as carotenoids which
can be converted in the body to retinol. The best defined function of vitamin
A is in vision (4), but it is also involved in cellular differentiation, in
the synthesis of glycoproteins including those of the cell surface and in the
synthesis of mucous secretion from epithelial tissues. Reproduction, growth
and the immne system are alsc affected by a deficiency of vitamin A. The
biological activity of vitamin A is very closely related to molecular
structure (5). For example, retinoic acid can replace retinol in the synthesis
of glycoproteins but not for vision while only 50 of the 500 known natural
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carotenoids have any vitamin A activity.

As with the other fat-soluble vitamins, vitamin A is stored in the body.
Thus prolonged periods of reduced intake are necessary in order to deplete
body stores before marginal vitamin A status and overt symptoms of deficiency
occur.

For many years the monograph written by Moore in 1957 (6) has served as the
most complete reference work on vitamin A. In recent years a number of books
have been published which provide an excellent overview of the knowledge
available on the chemistry, metabolism and nutritional aspects of vitamin A,
its precursors and related compounds (7,8), Much attention has been paid to
the role of vitamin A in nutritional blindness (9) and the possible measures
for the prevention of vitamin A deficiency (10).

There is much confusion on the nomenclature of vitamin A compounds. In this
thesis, the nomenclature cutlined by Dekmca et al. {7) in their review on
recent advances in our knowledge of the metabolism of vitamin A is used.

Vitamin A deficiency and xercphthalmia

The terms xerophthalmia, vitamin A deficiency and vitamin A status are used
in accordance with the guidelines laid down in the most recent (1982) WHO
publication on this subject (11). The term xerophthalmia includes all ocular
manifestations of vitamin A deficiency. The term vitamin A deficiency has a
muech broader definition relating to any state in which vitamin A status is
subnormal .

The current xerophthalmia classification (11}, was applied in the work
presented in this thesis to describe the ocular symptoms found except for
xerophthalmia fundus (XF), which is rarely used under field conditions. The
localization of the eye lesions resulting from vitamin A deficiency are
indicated in Figure 1.

Revision of the xerophthalmia classification in 1982 {see Table 1) was
accompanied by modification of the criteria for determining the public health
significance of xerophthalmia and vitamin A deficiency (11). The present
criteria are based largely on studies carried out in Indonesia {(9). Night
blindness (XN), conjunctival xerosis (X1a) and Bitot's spots (X1B) are also
referred to as "mild xerOphthalmia", while XN, X1A, X1B and corneal xerosis
{X2) and corneal ulceration/keratomalacia (X3) are referred to as "active
xerophthalmia", During field surveys, conjunctival xerosis is sometimes
excluded from the xergphthalmia classification as it is liable to
misinterpretation (12).




The prevalence of any of four (of the total of six) clinical criteria in
the 0.5 to 6 year age group may be used to determine the magnitude of the
public health problem of xerophthalmia. The biochemical criterion of plasma
vitamin A levels of 0.35% ymol/1 or less indicates that there is significant
vitamin A deficiency and may be used in the absence of clinical information if

the objective is to improve vitamin & status (11).

= - . .— corneal xerosis
\ iris and pupil superficial layer dry
X vtherwise unharmed recognized as
5N dull
arosion light reflex
= epithelial defect
2 =
* {ﬁ }'\\\ corneal ulcer tlear disruption
cornea "‘@ defect atfecting of corneal surface
surface ond stroma and deeper loyers
tonjunctiva Bitot's spot keratemalacia recognized as biuish
reting ¢ liquifying stroma colouring of tornea
stlera cbstructing clear
C

pattern of iris

Figure 1: Diagram of the eye (cross-section, A; front view, B) amd the
localization of the various eye lesions due to vitamin A deficiency with
special reference to the localization of corneal defects (C}.

Methods for the identification of vitamin A deficiency

Techniques for vital staining were introduced ten years ago as an improved
nethod of identification of conjunctival and corneal xerosis (13). This
technique is based on the assumption that degenerated keratinized and dead
cells which are present on the ocular surface would be preferentially stained
by a suitable dye and thus give an indication of the severity of
xerophthalmia. Subsequent reports questioned the specificity and sensitivity
of this technique (14,15,16) and the test has been applied less frequently in
recent years. More recently, conjunctival impression cytology has been
introduced. In this method, a layer of epithelial cells is removed from the
conjunctiva by applying filter paper strips to the eye and then stained. an
early sign of xerophthalmia is the absence of Goblet cells and an increase in
the number of large, keratinized epithelial cells (i7}. No results are
available yet on the applicability of this test in large scale field surveys.
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Table 1. World Health Organization scheme for classification of xerophthalmia
and for determining the public health significance of xerophthalmia in terms
of the percentage of each grade of xerophthalmia in the population 6 months to
6 years old (11)

Prevalence levels

Classification Clinical description indicating significant
code public health problem
XN Night blindness > 1% (*)
Xia Conjunctival xerosis
XiB Bitot’s spots > 0.5% (23)%
x2 Corneal xerosis
X3 Corneal ulceration/keratomalacia )
involving less (X3A) or more than ) > 0.01% (0.01%)
1/3 (X3B) of the corneal surface )
XS Corneal scar > 0.05% (0.1%}
XF Xerophthalmic fundus *
Biochemical
criterion: Plasma vitamin A concentration
0.35 pmol/liter (10 wg /100 ml) or less > 5% {5%})

* No criteria established.
+ The criteria used prior to 1982 are given in parentheses (18).

Vitamin A status is related to the amount of vitamin A stored in the body
principally in the liver but thisg is difficult to measure. Serum levels of
retinol only provide a good indication of vitamin A status when the levels of
vitamin A in the liver are very low or reach saturation (19). Thus new
techniques for the measurement of vitamin A status have been sought. One such
technique is that for measuring the “relative dose response" (RDR). This
method is based on the observation that when vitamin A reserves in the body
are low, administration of a small dose of vitamin A elevates the retinol
concentration in plasma to a maximum after five hours (20). Two disadvantages
may limit the use of this technique: two blood samples are required to carry
out the test and protéin-malnutrition interferes with the interpretation of
the results. Other techniques, such as measurement of vitamin A status by
isotope dilution, are suitable for laboratory studies but less suitable for
studies in the field (21). The development of such techniques is directed
towards identification of a simple, realistic method for the early detection
of vitamin A deficiency before the development of clinical signs.
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The concept of "post-measles blindness”

The term "post-measles blindness" was introduced by Dekkers (22). It is now
widely used to describe the largely irreversible eye lesions which cccur
during or shortly after an attack of measles. In this thesis, the eye lesions
observed in children during or soon after measles are referred to as
post-measles eye lesions or post-measles blindness. Not all irreversible eye
lesions lead to complete loss of vision and strictly speaking, post-measles
blindness can only be used for those cases where visual acuity is lost,

Vitamin A deficiency has been indicated by some authors as one of the
causes of eye lesions following measles infection (13,23) while others have
attributed the lesions to a consequence of measles keratitis (22). Studies
carried out in Nigeria indicated a possible role of herpes simplex virus
(24,25) while in Kenya, the virus was ohserved in children with measles only
in two per cent of early cases by Sauter (13) and only long after the
appearance of the rash by Dekkers (22). The harmful use of traditional eye
medicine has been reported from a number of countries such as Zambia (26).

Based on work carried out in northern Nigeria, the possgible inter-
relationships between measles, secondary infections such as herpes virus,
vitamin A intake and protein-energy malnutrition in the aetiology of
post-measles blindness were discussed by Inua et al. {27). Measles increases
the requirements for vitamin A not only systematically but alsc locally
because of tissue damage while measles, vitamin A deficiency and protein-
energy malnutrition all depress various aspects of the immune response which
can contribute to increased severity of measles and opportunistic infections
such as herpes simplex. These inter-relationships suggest a multifactorial
origin of post-measles eye lesions as also proposed by Reddy et al. (28).
Recently, Foster and Sommer (29) reconfirmed the role of vitamin A deficiency,
measles, secondary infections and traditional medicines in the aeticlogy of
measles—associated corneal ulceration. Their conclusions were based on a study
of 130 children admitted to Mvumi Hospital in Dodoma Region (Tanzania} with
corneal ulceration of which 48 were associated with measles. The primary cause
of post-measles eye lesions was attributed to vitamin A deficiency (50%,
n=24), measles keratitis (12.5%, n=6), herpes simplex (20.8%, n=10) and to
traditional medicines (16.7%, n=8).
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Xerophthalmia and post-measles eye lesions in Tanzania

Earlier work carried out on xerophthalmia and post-measles eye lesions in
Tanzania is reviewed below. This subject has been reviewed earlier by Van der
Haar (30) and by Kavishe (31).

Xerophthalmia: Two studies in which relatively large numbers of children were
screened were carried out prior to 1970. In 1959, McLaren (32) examined a
total of 1,510 school children in Mvumi {Dodoma Region, see Figure 2) and in
Mwanza (near Lake Victoria). Bitoit’s spots (X1B) were recorded in 0.5%
(5/1,065) of the school children in Mvumi and in 1.4% (6/445) of those in
Mwanza. At Mvumi examining a group of prescheool children, no Bitot’s spots
were found in babies (0-2 yr) and toddlers (2-4 yr), but keratomalacia {X3}
was found in an extremely high proportion of 1.3% in both groups.

In 1966-1967 a group from the Max Planck Institute (Fed. Rep. of Germany)
investigated the situation in Kilimanjaro and Tanga Regions in the north-
eastern part of the country (33). As the eye lesions were classified in a
different way to that presently used, it is difficult to evaluate the
relevance of their finding that 4.6% (55/1,204) of the children examined had
keratomalacia plus corneal vascularisation. More importantly they reported a
18% prevalence of serum vitamin A levels below 0.35 pmol/l among children in
the 1-5 year age group {n=77) and a similar prevalence among older children
(6-10 year, n=156).

In 1962 Latham (34) examined 1,032 children during five surveys, although
the number of children in each survey was low, Bitot’s spots were frequently
found (up to 3.6%) in the Central Region (now Dodoma Region). Other data
collected in Tanzania have been excluded from discussion because of small
sample size or of selection bias in the study population (35,36).

Integrated nutrition/health surveys have been organized in various parts of
the country by the Tanzania Food and Nutrition Centre and in some of these
surveys eye screening was included. Fifteen villages in Iringa Region were
surveyed in 1979 and 1980 (37). Xerophthalmia was observed in only one out of
the 3,278 children under five examined. In gix villages where serum levels of
retinol-binding protein (RBP) were estimated, the proportion of children with
values below 2.4 mg /100 ml (corresponding to 1.1 gmol/1) varied from 2.7 to
20.0%. The survey report concluded: "Our survey thus did not manage to provide
any reliable information on the prevalence of vitamin A deficiency in the
region the main reason being the absence of a suitable and reliable method of
assessment under field conditions®™ (37). Nutrition surveys were also carried
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cut in Lindi, Mtwara and Mbeya Regions but no xerophthalmic eye lesions were
found (38,39). However, no staff specially trained in the detection and
classification of xerophthalmic eye lesicns participated in these surveys.

In 1980, 603 preschool-age children were examined in four villages in
Dodoma Region (40). No xerophthalmic eye lesions were reported but the
prevalence of conjunctivitis and trachoma was reported to be 5.1% and 7.3%
respectively. Low and deficient RBP levels were found in 20.8% of the
children, while eyes of 25% of the children showed positive staining with
lissamine green.

Insufficient data are available from these surveys to conclude whether or
not xerophthalmia is a regional or countrywide public health problem in
Tanzania. There is evidence of subclinical deficiency and it may be argued
that the low number of clinical signs reported were the result of inadequate
clinical skill.

A two-year surveillance programme in 15 hospitals all over mainland
Tanzania (41) demonstrated that clinical manifestations of vitamin A
deficiency were reported from all participating hospitals. However prevalence
data cannot be based on hospital studies. It is therefore somewhat unfortunate
that the results of the first part of this programme have been misquoted in
the WHO ten year programme document (42). The localization of the hospitals
where this surveillance programme has been in operation are given in the map
of the United Republic of Tanzania (see Figure 2).

Post—measles eye lesions: The problem of post-measles blindness has been
addressed by various authors (23,29,41,43,44). Data collected in East Africa
in the last 15 years are summarized in Table 2. The widely divergent results
reported may be due, in part, to differences in the classification of eye
lesions. Post-measles ocular complications are mainly confined to the cornea
but complications such as retrobulbar neuritis and retinitis may be observed
on occasions (22). However, these complications will not be discussed further.

It has been estimated that every year in Tanzania, 600,000 children suffer
from measles of which 30,000 children die (45,46). The proportion of
hospitalised children with measles who develop corneal ulceration has been
estimated to be in Africa 1 to 4% (29,47,48). Although large numbers of
children with measles are admitted to hospital, they are likely to represent a
small proportion of all cases. It is therefore difficult to estimate the total
toll of blindness due to measles.
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THE UNITED REPUBLIC OF TANZANIA

>

* Villages screened during
prevolence surveys

x Centres involved in hospital-
based surveillance programme

Regions: 01 Dodoma 08 Lindi 15 Rukwa
02 Arusho 09 Mtwara 16 Kigoma
03 Kilimanjare 10 Ruvuma 17 Shinyanga
04 Tanga 1 Iringa 18 Kagera
05 Marogoro 12 Mbeyn 19 Mwanza
06 Pwani 13 Singida 20 Mara
07 Dar es Salaam 14 Tabora 21 Zanzibar

Figure 2: Map of the United Republic of Tanzania indicating the villages
surveyed for the prevalence of xerophthalmia and the location of hospitals
participating in the hospital-based surveillance programme.
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Table 2: Summary of studies carried out on children with measles with special
reference to the prevalence of post-measles eye lesions in East Africa

Refersnce/country Kumber of cases Origin of Description of Rutritional status and mortality
axamnined the data the eye lesions
Franken (23} 27 out-patients corneal xerosis and -
{Tanzania/Kenya, 1972) clinic ulceration
Gupta and Singh (43) 250 hospital 2.8% corneal 7% severely palnourished 31%
{Tanzanis, '1972) opacities + moderately malnourished,
ulceraticn 1% deaths
Kimati and Lyaruu (44} 624 hogpital 0.8% "keratitis
(Tanzania, 1973} and blipd"
Manyanga (51) 420 hospital 13.6% "xerophthalmia™
(Tanzania, 1977}
Burgess et al. (52) 813 hospital few aye changes, 11% sevetely malnourished,
{Tanzania, 1981-1983} not further 51% moderately malnourished,
described 7.9% deaths
Serventl st al. {53) 154 hospital not described 19% deaths
{Tanzania, 1982-1983)
Foster et al. (41) 3591 multi center XN 0,08%, X1B 0,11%
(Tanzania, 1982-1984) study X3 4.6% of which 2.5%
unilateral
Sauter (13) 140 mainly no signs good general nutriticnal status,
{Kenya, 1974) out-patients
356 hozpital 7.3% corneal of a sample of 43 out of 234
xarosis + kerato— children, sarum protaeina,
conjunctivitis ratinel and f—carctens levels
7.3% corneal ulce- were determined
rations/keratomalacia
Dekkers (22} 248 hospital 2.8% corneal ercsicns 5% sevarely malnourised
(Kenya, 1976-1973} (main study) 1.2% expostite ulcers 50% moderately malnourished,
albumin and retinol binding
protein levels determinaed
in 91 children
356 hospital 31.4% corneal erosions
(main + pilot study] 1.4% exposure ylcers
Lindtjern (54) 176 hospital 1.7% corneal 10.6% deaths on commuunity basis

(Ethiocpia, 1981-1582)

ulcaration/
keratomalacia

* Ses Figurs 1
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In a prospective community-based study in India the consequences of measles
were studied in children living in a slum area in HByderabad (28,49,50). In
addition to anthropometric, biochemical and ophthalmological data, the immune
response of children with measles was measured and conjunctival swabs were
collected for microbiclogical investigation. The major findings were: that the
duration of measles and complications seen were similar for well-nourished and
malnourished children: that the cell-mediated immune response was similarly
reduced in both well and malnourished children with measles; and that corneal
lesions found in these Indian children were relatively mild. The prevalence of
corneal eye lesions {xerosis and ulceration} in the community-based study in
Hyderabad was 3.1% (10/315). This rate appears to be much lower than that
found in hospital-based studies in Africa. In a large hospital-based study
also in Hyderabad,' it was reported that 0.49% (7/1,426) of the children
hospitalised with measles developed corneal xerosis/corneal ulceration (55).
It is difficult to aveid the conclusion that the lesions observed in Africa
are more severe than those observed in the Hyderabad studies (56).

Vitamin A, morbidity and mortality

The research work carried ocut in Indonesia already quoted (9) and
subsequent work has increased the interest in the inter-relationships between
vitamin A, morbidity and mortality. The mortality rate among children with
mild xerophthalmia (XN and X1B) was reported to be on average four times the
rate reported among children without xerophthalmia (57). Using the same set of
data, originating from a prospective, longitudinal study carried out among
3,400 children in West Java, it was shown that children with mild
xerophthalmia developed respiratory disease twice and diarrhoea three times as
frequently as non-xerophthalmic controls (58). Later on the reverse of this
relationship was observed as children with respiratory disease and/or
diarrhoea were found to be at an increased risk of developing xerophthalmia
(59). A study carried cut in 450 villages in Aceh (North Sumatra) claimed that
supplementation of vitamin A with high-dose vitamin A capsules (200,000 I.U}
resulted in a reduction of mortality in children aged 12-71 months living in
the villages where supplementation was introduced {229 villages, n=12,281}
compared with the unsupplemented villages (221 villages, n=11,378). The
results of this study created not only considerable comment in the scientific
press (see for example, ref 60) but also much interest in the lay press. As a
result of this, further studies with funds from the U.S5. Government are
underway or being planned in Bangladesh and the Phillipines to investigate the
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possible role of vitamin A supplementation on childhood mortality. In these
studies a number of aspects criticized in the Indonesian study on
supplementation as for example: supplementation coverage, sex differences,
effect of supplementation of the "non-supplemented" group with a small
physiological dose, will be further examined.

Work on xerophthalmia and post-measles eye lesions in Tanzania
The work described in this thesis was carried out as part of the

cooperaticn between the Tanzania Food and Nutrition Centre (TFNC) in Dar es
Salaam and the Department of Human Nutrition, Wageningen Agricultural
University, The Netherlands. The research activities, field surveys and
hospital-based studies in Tanzania, were part of TFNC's ongoing programme on
vitamin A deficiency within the medical nutrition research programme. The
guidelines for this research were laid down at meetings at national level
coordinated by TFNC. In order to phase the research work carried cut, the
major outcome of these meetings is summarized as follows:

February 1981: A meeting was held in Dar es Salaam to review existing
information on xercophthalmia. Two committees were
established to organize follow-up activities, one on
biochemical methods and one to implement the
recommendations (61).

November 1981: A further meeting was organized in Dar es Salaam to bring
together people from all disciplines involved in pessible
future research and preventicn activities related to
vitamin A deficiency and xerophthalmia. The major
recommendations of the meeting were: to start studies on
the aetiology of post-measles blindness; to improve
further the laboratory facilities for measuring vitamin A
status; and to establish a xerophthalmia surveillance
programme by eye auxiliaries (62,63).

July 1982: The xerophthalmia surveillance programme to be carried ocut
by Assistant Medical Officers in Ophthalmology was begun
with a one-week training seminar in Iringa.

July 1983; A follow-up training course of two days was organized in
bodoma for the participants in the surveillance programme.

February 1984: Ongeing surveillance and post-measles blindness research
programmes were reviewed and recommendations for further

activities were made during a seminar on prevention of
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blindness held in Moshi in Northern Tanzania. The seminar
was attended by delegates from 12 Central and East African
countries as well as by observers from cutside the

region (47).

September 1985: Progress made since 1981 was reviewed at a meeting in Dar
es Salaam. Particular attention was paid to the
surveillance programme started in 1982 and to the
evaluation of the studies on post-measles blindness and
the prevalence surveys. One of the most important results
of this meeting was the inclusicn in 1987 of high-dose
vitamin A capsules in kits of the Essential Drug Programme
distributed to rural health centres and dispensaries (64).
After this meeting a national programme for the control of
xerophthalmia was drafted (65).

Numerous organizations have given financial support to facilitate the
arganization of the meetings listed above, Apart from the fact that much
valuable informaticn has been collected during the last five years, a major
achievement is, that within a relatively short period a large number of key
persons working in various fields have become well aware of the importance of
adequate vitamin A nutriture and are now invelved in ongoing activities.

Outline of the thesis
The work reported in this thesis can be divided into three subject areas.

Prevalence studies: Surveys were carried out to estimate the prevalence of
¥erophthalmia in a number of regions representing the various geographical and
agricultural conditions in Tanzania. Over 21,000 children were examined in
four regions of mainland Tanzania. The location of the villages involved in
these surveys is given in Figure 2 and in Appendix I the list of individual
villages with the total number of children examined is presented. In addition
to the collection of data on xerophthalmia, the overall health status of the
preschool-age population was also assessed. The findings in Mbeya, Iringa and
Kagera Regions are presented in Chapter 2 and those from two studies from
Tabora Region are presented in Chapter 3.

Food composition and food consumption studies: During the course of the
programme, a limited number of foods which form part of the diet in Tanzania
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were analysed. Special attention was given to those foods regarded as good
sources of vitamin A either because they contained high levels of retinol or
carotenoids or because of their prominent role in the diet. Some of the
results have already been published (66). The results of these analyses are
presented in Chapter 4, In addition, a food composition table based on these
analyses and also on data from the literature was prepared (Appendix 1v). This
table was used to assess the nutrient intake in a food consumption study
carried out in a number of villages in Tabora Regicn, the results of which
are reported in Chapter 5.

Hospital-based studies: Two hospital-based studies on the aetiology of
post-measles blindness wete carried out with assistance of staff from five
hospitals both in and around Dar es Salaam. More than 650 children with
measles were enrolled in these studies which are reported in Chapters 7 and B.
Details of eye lesions recorded during the two studies are presented in
Appendix II and III.

Accurate assessment of biochemical parameters used to describe the vitamin A
status was one of the major aims of these studies. Details of the quality
control procedures applied in the laboratory work are therefore presented in
Chapter 6.

The findings described in this thesis and the implications of these
findings for the prevention of vitamin A deficiency, xerophthalmia and
post—measles blindness in general, and more specifieally in Tanzania, are
discussed in Chapter 9.
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2. PREVALENCE OF XEROPHTHALMIA IN RELATION
TO NUTRITION AND GENERAL HEALTH IN
PRESCHOOL-AGE CHILDREN IN THREE REGIONS IN
TANZANIA

F. Pepping, F.P. Kavishe, E.A. Hackenitz and C.E. West

ABSTRACT

Data are presented from integrated nutrition/health surveys carried out in
Mbeya, Iringa and Kagera Regions in Tanzania in which a total of 12,880
children were examined for the presence of xerophthalmia. Of this total 2,380
children were screened during two follow-up surveys in Iringa Region.
¥erophthalmia was found to be a problem of public health significance in two of
the three regions surveyed where the prevalence of active corneal xerophthalmic
lesions was above the criteria set by WHO. However, because there was
clustering of the children with Bitot’s spots, corneal xerosis/ulceration or
corneal scarring, only certain areas within the districts comprising the
regions could be regarded as areas where xerophthalmia may be a problem. The
results of the ophthalmological examinations are discussed in relation to the
nutritional status of the children, as measured by anthropometric indices,
serum levels of retinol-binding protein and prealbumin, haematological
parameters, and vaccination status.

INTRODUCTICN

The severity and magnitude of the problem of xerophthalmia in Africa remains
unclear (1), and insufficient data are available from most countries in this
region (2). Up until recently, data on the prevalence of xerophthalmia in
Tanzania were scarce and limitation in sample size hindered regional
comparisons. In the period between 1964 and 1967, data were collected in the
northern part of the country and from small groups of children scattered over
other areas (3,4). A relatively high prevalence of Bitot’s spots (3.6%, 13/360)
was recorded in the Central Region, now Dodoma Region, where McLaren had also
reported xerophthalmia in 1959 {(5). In studies carried ocut in 1979 and 1980 in
15 villages in Iringa Region, only ocne case of active xerophthalmia was
identified among 3,278 children under five years of age and no other eye
lesions related to vitamin A deficiency were reported (6).
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It has been estimated that xercphthalmia leads in Tanzania to two to four
thousand new cases of blindness every year so that a total of 10,000 children
in Tanzania are likely to suffer from nutritional blindness (7}. Based on an
expected total preschocl-age population (< 6 years), of 4.5 million this would
be equivalent to a prevalence of blindness of 0.22% in this age group.

In this paper, we describe the magnitude of xerophthalmia observed during
three nutrition surveys and two follow-up studies carried out in the United
Republic of Tanzania between November 1983 and September 1985. These surveys
were set up as integrated nutrition and health surveys and most were designed
not only to obtain data on xerophthalmia but as part of larger ongoing
programmes carried out by Tanzania Food and Nutrition Centre (TFNC) and other
organizations (i.e. UNICEF/WHO).

A hogpital-based surveillance system for recording eye lesions in children
with and without measles operated from 1982 until 1984 (8). The results from
this are discussed with special reference to the three regicns in which the
present surveys were carried out.

SUBJECTS AND METHODS

Background information and study areas

The studies from which the data are derived and the areas where these
studies were carried out (see alsoc the map on page 18 in Chapter 1) are
described briefly and related to data which have been publisghed.

A. Mbeya Rural District in Mbeya Region. In November 1983, a survey on the

prevalence of xerophthalmia was carried out as part of a joint survey on iodine

deficiency disorders {IDD) and xerophthalmia in three villages in Mbeya Rural
District which comprises, with the districts of Chunya, Mbozi, Rungwe, Mbeya
Urban and Kyela, Mbeya Region which is located in the Socuthern Highlands in
southwestern Tanzania. All women aged between 15 and 45 years living in the
villages under study were injected with iodinated oil and were asked to bring
all their preschool-age children with them. In this way it was possible to
study 188 children. Mbeya Rural District has a total population of 260,000 (9)
and is largely a mountainous area with altitudes up to 2,500 meters. Goitre is
frequently seen in the district.

No community-based data on xerophthalmia are available from the region but
in a number of surveys, the nutritional status of children has been examined.
In a study carried out in 1977 and 1978 in 11 villages in Chunya District,
stunting was observed in 31.6% of the children while 3.4% and 1.7% were



observed to be wasted or wasted and stunted respectively (10).
In Kyela District, 35% of the children (i.e. 500 children) living in five

villages were screened in 1982 (11}. Stunting was observed in 29.3% and wasting

in 9.4% of the children studied. Several studies have been rarried out in Mbozi

District. Corneal ulceration and keratomalacia was found in 1.5% (16/1,100), of
the children attending a nutrition rehabilitation unit {(12). Mortality among
the malncurished children with corneal eye lesions was high (9/16). In 1983 a
survey was carried out in 14 villages in the district in which a total of 3,167
children below six years of age were examined (13)., The overall nutritional
status in the cash-crop area (20% stunting and 2.5% wasting) was better than in
the poorer mere isolated food-crop area (41% stunting and 1.8% wasting).

B. Iringa Region. From March until June 1984, data on the prevalence of

xerophthalmia were collected in 27 villages in four districts. Six and 11
months later (phase two and three), the children in seven villages were
re~examined. These studies were carried out as part of the Joint WHO/UNICEF
Nutrition Support Programme (JNSP), financed by the Italian Government, which
started in December 1983 in Iringa Region. The programme involves 167 villages
in total, located in all of the five rural districts of the region. & mass
screening and vaccination campaign was part of the initial phase of the |
programme. Data on the prevalence of xerophthalmia were alsc obtained in a
further village in Iringa Rural District which did not participate in the JNSP.
In this village (Ilula) a study was carried out by TFNC on determinants of
reproductive performance and child survival (14). A total of 5,975 children
were thus screened for the prevalence of xevophthalmia in this region, while
2,380 children were examined during phase two (November 1984} and phase three
(April 1985}.

Iringa Region is to the east of Mbeya Region and is also part cf the
Southern Highlands. There is a range of agro-economic and ecological zones
including the dry savannah bushlands of the northern part of the region where
the annual rainfall is between 200 and 400 mm/year. The total pepulation in
1984 was around 1 million. The survey carried cut in 1979 and 1980 by
Ljunggvist (6), indicated that 5-6% of the children were severely underweight
{weight-for-age < 60%) while about 50% of the children were moderately
underweight., In the southern part of the region, the nutriticnal status was
found to be worse than in the northern part. A gap of one year between the
screening in both areas might have been responsible for this because the
harvest prior to the second survey {1979/80) was very poor in the country as a

whole {6}. A nutritional surveillance programme has been cperating in Iringa
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Region for a number of years prior te the start of the JNSP (15).

€. Biharmulo and Ngara Districts in Kagera Region. In July and August 1985 a
child survival programme was started by the regional authorities, and supported
by UNICEF, in Ngara and Biharamulo Districts which are in the south of Kagera

Region. Fifty four villages were covered by the programme and in 20 villages
the prevalence of xerophthalmia could be estimated in 4,437 children. The
population in these villages was estimated at 85,000 with 16,000 below the age
of five of which 11,577 were enrolled at the start of the programme (16).

Kagera Region forms the extreme northwestern corner of Tanzania, bordering
on Rwanda, Burundi and Uganda with a population in 1985 of 1.3 million
inhabitants and an infant mortality rate estimated in 1978 of 133 (17). Since
then, Kagera Region has suffered more than any other part of Tanzania from the
ravages of war and from economic recession.

In 1985, Dahlin (18) screened 400 children in Izimbya ward {Bukoba Rural
District) and observed that 25% of the children were underweight with an
additional 1.5% being severely underweight. Malaria was found to be a
tremendous problem evidenced by a splenomegaly rate of at least 56%.

Survey methodology

As during the two surveys carried out in Tabora Region (19) screening of
children started with an examination of the eyes. Then children with eye
lesions and a 20% sample of those without eye lesions were selected for
detailed anthropometric, biochemical and haematological investigations and a
short questionnaire on morbidity, vaccination status and family size was
administered to the mother or gquardian by a member of the survey team which, on
most occasions was a public health nurse.
ophthalmological examination. The eyes of all children were examined
immediately after registration in the study by an ophthalmologist, Assistant
Medical Officer Ophthalmology or eyenurse. All, except one, of the seven

persons carrying out the ophthalmological work had participated in the
hospital-based surveillance programme including the initial training which was
designed to provide a high degree of unifeormity in diagnosis (7). A normal hand
torch or a illuminated magnifier {X5, Internaticnal Centre for Eye Health,
London, England) was used to examine the eyes. Flucrescein paper strips were
used to stain the eyes if this was considered necessary for diagnosis. The WHO
classification was used to classify the eye lesions, with the exception that no
attempt was made to estimate the prevalence of night blindness (2). In some
communities, night blindness has been used as a sensitive and specific



indicator of xercphthalmia (20), and the existence of an expression in the
local language for this condition may facilitate its use in epidemiological
studies. Among the tribes living in the areas presently studied, only the
Wabena who live mainly in Njombe District have a word for it, "Kitinala".
During the surveys only one child with night blindness and no other eye lesions
was recorded. All children with xerophthalmia were given high-dose vitamin A
capsules (55 mg retinyl palmitate equivalent to 200,000 I.U., vitamin A + 40
I.U. vitamin E). In one village in Iringa Rural District, these capsules were
distributed to all children above the age of 12 months attending phase three.
Anthropometry. Length and weight were measured using standard procedures (21)
and weight-for-age (WA), weight—for-length (WL) and length-for-age (L&) indices
were calculated using approperiate reference standards {22). The nutritional
status was estimated using WL and LA as nutritional indicators. The proportion
of children showing wasting and stunting was calculated for age groups (23). In
the absence of data on length or height (as in the initial survey in Iringa
Region), the B0% and 60% value of the median reference weight was used as
cut—off point to identify children underweight or severely underweight for
their age respectively (22).

Biochemical, parasitological and haematological investigations. During the

prevalence surveys fingerprick blood samples were collected using Microvettes
CB 1000 (Sarstedt, D 5233 Nimbrecht, FRG). After collection, samples were
stored in a coolbox in the dark. Samples were centrifuged in the clinic within
four to six hourg after sampling and serum was stored at -18°C. Retinol-binding
protein {RBP) and prealbumin (also referred to as transthyretin, TTR) levels
were determined by immuncchemical methods (24,25). An internal quality control
system was applied to all the analytical procedures (26).

Thick blocd smears were examined for malaria parasites. Haemoglobin was
estimated with a portable haemoglobin photometer {Leo Diagnostics, Helsinghorg,
Sweden) with an internal standard of 12.6 g/100 ml (7.8 mmol/l). During phase
one of the investigations in two districts in Iringa, a manual oxyhaemoglobin
method was used. Packed cell volume (PCV) was measured using a Compur 101
Minicentrifuge {(Compur Electronic GmbH, Minich, FRG).
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Table 1: Prevalence and severity of xerophthalmia in Mbeya, Iringa and Kagera
Regions of Tanzania (November 1983- August 1985)

Survey Number Number {n) and proportion {%) of children
location of Corneal
REGION {Date)/ children x1a* X1B %2 X3 scarring
District examined n % n % n % n % n %
MBEYA (November 1983)
Mbeya Rural 188 0 0 0 0 0
IRINGA {March-June 1984)
Iringa Rural 1763 2 0.11 2 o0.11 5 0.28 2 0.1t 11 0.62
Mufindi 14590 2 014 ¢© ] 0 22 1.52
Njombe 881 1 0.11 2 90.23 2 0.23 0 13 1.48
Ludewa 1881 0 ¢ ] 0 23 1.22
5975
IRINGA {November 1984)
Iringa Rural 967 2 0.21 2 9.21 0 0 27 2.79
Njombe 364 1 0.27 1 0.27 0 0 9 2.47
1331
IRINGA (April 1985)
Iringa Rural 617 0 0 0 0 4 0.64
Njombe _432
1049
KAGERA (July 1985)
Biharamilo 2661 12 0.45 3 0.11 0O 0.04 1 0.04
Ngara 1776 6 0.34 2 0.11 0

4437!

* For further details, see Appendix I.

+ Classification of xerophthalmic eye lesions as established by WHO, see
Subjects and Methods (2).

| The total number of children seen in these villages was 4,592 but the eyes of
155 children were not examined.

RESULTS

During the programmes carried out in Iringa and Kagera Region coverage of the
eligible child population raged from 37 to 100% for the respective villages

while the overall coverage rate was 76%.



Eye lesions
Nearly all children (99.7%) examined in Mbeya, Iringa {phase one, March-June

1984} and Kagera Regions were below the age of 60 months. The total prevalence
of signs of active xerophthalmia {X1A, X1B, X2, X3) was 0.30% (95% confidence
interval, CI 0.20-0.53%) for Iringa Region and 0.54% (CI, 0.37-0.86%) for Kagera
Region. No xerophthalmia was found in Mbeya Region (Table 1}. The age and
sex—specific prevalence of xerophthalmia and the reported causes of the corneal
scars recorded are given in Tables 2 and 3.

Table 2: Age and sex—specific prevalence of xercphthalmia as found in Mbeya,
Iringa and Ragera Regions of Tanzania (November 1982 - August 1985)

Mumber of children

+ Conjunctival Bitot's Corneal Corneal

Age Total xerosis spots xerosis/ulcers scarring

examined (X1n) (X1B) (X2/X3)
{months) Boys Girls Boys Girls Boys Girls Boys Girls
0 -1 2,299 ¢ 0 0 0 3 1 3 0
12 - 23 2,999 4 0 1 0 2 2 3 3
24 - 35 3,051 2 0 2 o 2 1 7 5
36 - 47 2,675 7 2 1 0 0 0 6 5
48 -71 1,95 5 2 5 4n* o o 11 4
Age/sex
unknown 5 0 I, 63
Total 12,980 27 13 (1) 11 110

* One child identified in phase one and phase two in Iringa Region.
+ Age distribution of the total population based on that of the respective

samples.

Although conjunctival xerosis (X1A} is included in the xerophthalmia
classification scheme, it is liable to misinterpretation and it proved to be
impossible to reach a sufficient inter-observer standardization. Thus, the
differences between the districts are mainly due to this inter—observer
variation., Conjunctival xerosis was more prevalent in boys and mainly observed
in children above the age of 36 months.

At the regional level Bitot’s spots (X1B) were identified at almost identical
rates of 0.07% and 0.11% in Iringa and Kagera Region and were seen twice as
often in boys than in girls. In Iringa Region, the highest prevalence at the
district level was found in Njombe District, 0.22% (2/88l). In the village in
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Table 3: Causes of corneal scarring specified according to age as recorded among
12,980 children examined in Mbeya, Iringa and Kagera Regions (November
1983-Angust 1985)

Age Number of children

(months) Xerophthalmia Measles Trauma Others Unknown  Total
0 -1 1 1 0 1 0

12 - 23 3 3 0 0 0

24 - 35 6 5 0 1 0 12
36 - 47 7 2 [ 2 0 11
48 - 71 9 3 0 3 0 15
Unknown 0 4 3 7 a9 63
Total 26 18 3 14 49 110

Njombe in which these two children were seen, the prevalene rate of 0.61%
(2/328) exceeded the WHO-limit of 0.05% (2). The total of five children with
Bitot’s spots recorded in the villages surveyed in Kagera Region were clustered
in three of the 20 villages studied. High-dose vitamin A capsules were
distributed in one village in Iringa Rural District where a prevalence of X1B of
0.95% (2/211) was found during phase two. The mean age of the children with
Bitot’s spots was 50 months.

Corneal xerosis (X2) and corneal ulceration/keratomalcia (X3) were found more
among boys (n=7) and girls (n=4) and only in children below the age of three
years, with the xerosis predominantly present in younger children,

During the first and second survey in Iringa Region, an over-reporting of
corneal scarring must have occured. Most of the smaller lesions, ascribed by the
mother to causes other than vitamin A deficiency were excluded from further
investigation. Corneal scars were seen more often among boys, 43% of the
children with corneal scars of which the history could be assessed were
classified as xerophthalmic (26/61) while 30% (18,61} were attributed to
measles.

Clustering of xerophthalmia was observed in three areas of Iringa Region.

Two of these areas were in Iringa Rural District, where two children with X3,
and one child with X1B were found in Ilula village (n=670}, while in the two
neighbouring villages of Mfyome and Itagutwa (Kalenga Division), four children
with X2 and five with XS were found in phase one and two children with X1B and
four with XS were found during phase two. The third area comprised the two






