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Preface

The Occasional Papers Series of the Johns Hopkins
Institute for International Programs was established as
a means of disseminating information on advances in
international health. The Institute is currently
conducting ressarch and providing technical support to
child survival programs throughout the world, in
cooperation with the United States Agency for
International Development.

The Institute for International Programs, as part of
the Johns Hopkins School of Public Health, brings
together leading Hopkins cxperts in biomedical,
environmental, so>cial! science, and health management
fields. When the Institute was founded in 1985, it
identified three key child survival activities --
immunization, vitamin A supplementation, and program
evaluation -- and established a faculty working group
to focus on each.

This distinguished group of Hopkins professionals,
together with collaborators from established research
centers and other major academic institutions
throughout the world, provides a comprehensive approach
to international development.
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Vitamin A Deficiency and Childhood Morbidity and Mortality:
Scientific Background and Policy Implications

I. INTRODUCTION

Vitamin A is an essential nutrient for normal physiologic
functions, including cellular differentiation, membrane
integrity, vision, immunologic responses and growth. Vitamin A
deficiency has recently received much attention, generated
largely by results of studies done in Indonesia that 1linked
vitamin A deficiency with childhood morbidity and mortality. In
a prospective field study done in Java, more vitamin A deficient
children died than non-vitamin A deficient children after
adjustment for several covariatesl. 1In the same study
population, vitamin A deficient children had an increased
relative risk of diarrheal (RR=2.7) and of respiratory dicease
(RR=1.8) compared to non-deficient children2. Results from a
field trial in Sumatra indic-te that mortality rates are reduced
among children in the communities that received supplemental
vitamin A3. cancer and dernatology literature have also recently
focused attention on the importaince of vitamin A (and 1its
precursor beta-carotene), due to its potential anticarcinogenic
and antikeratogenic effects.

Because scientific evidence on vitamin A is being generated
from diverse sources, and because there is a paucity of results
strictly relevant to childhood survival in developing countries,
the implications of these and other findings have been difficult
to translate into specific policies and programmatic
recommendations. In addition, there have been conflicting
interpretations of he existing scientific results. For example,
while the Indonesian studies have uncovered an association
betweer vitamin A deficiency and morbidity, the degree and
direction (causality) of this relationshlrip have been debated
without consensus or the benefit of confirmatory studies. The
scarcity of definitive scientific data on vitamin A severely
limits the policy making process. This review attempts to
delineate the strengths and weakness of the current scientific
evidence as it relates to the velationship between vitamin A
deficiency and childhood morbidity and mortality in developing
countries. Interrelationships between vitamin A and
xerophthalmia, growth, and carcinogenesis are not within the
scope of this review.

fhe scientific community has had little time to evaluate the
many existing vitamin A supplementation programs. Despite this,
policy recommerdations continue to appear for expanded
applications of vitamin A, beyond its well established use to
prevent nutritional blindness. Recommendatiors nave been
generated by various sources?:® for the use of vitamin A in
childhood infections, in pregnancy, and in disasters. Most of
these recommendations are designed to prevent the development of
xerophthalmia that is frequently associated with these
conditions. Implicit in some of these recommendations is the
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expectation that vitamin A can reduce childhood morbidity or
mortality, as well as prevent blindness. This expectation has
been particularly reinforced by the results reported by Sommer,
et. al. and others from Indonesia as well as by other studies
noting positive assocciations between vitamin A deficiency and
childhood morbidity. The role of vitamir A in childhood
infection has not been explicitly presented in terms of
adjunctive therapy, i.e. that administration of vitamin A will
prevent the deterioration of vitamin A status during infecticn.
Moreover, the expectation has arisen that vitamin A dosing during
4 specific episode will have a therapeutic effect on childhood
infections. While prevention of nutrivional blindness by vitamin
A programs has been better established, the impact of vitamin A
on childhood morbidity and mortality remains an open question.
Recommendations targeted at the prevention of blindness then
would appear to be indicated, but those targeted at the larger
question of morbidity and mortality would appear to be premature.

White the recommendations and expectations for vitamin A are
growing, the proactical considerations of implementing vitamin A
pregrams receive Little attention.  There is a great nerd to
consider Lthe operational and cost aspects ol vitamin A
interventicns.  Fxpanding the role of vitamin A to morbidity and
mortality reduction may compote for funding of other programs
targeted for the same goal. Therefore the cost effectiveness of
@ witamin A intervention relative to other interventions will
need to be determined.  With regard to the recommendations under
conslderation for the treatment of childhood diarrhea and acute
revpiravory infections (ARJT) with vitamin A, *the following
questions arise from a programmatic standpoint: What specific
opisodes of diarrhea or ARI should be treated and at what dosing
schedule?  wWhat ght. be the expected effects? Given the
frequency of these episodes in certain settings, what is the
likelihood of texicity it all episodes were to be treated with
vitamin A?  How genecralizable are the results of the studies in
Indonesia to other parts ot the world where vitamin A deficiency
appears to be less prevalent? How would distribution of vitamin
A capsules or fortitication of foods with vitamin A compare with
interventions aimed specifically at infectious disease control?
Which ot the possible interventicns will be more cost effective
given a specific region? Instead of creating another vertical
program for vitamin A deficiency, how could the interventions be
incorporated into existing programs? Because of these unanswered
questions, current recommendations for use of vitamin A in
infection are vague, and for these reasons wiil be difficult to
interpret and implement in the ticld.

In addition %o the ambiguity surrounding these programmatic
aspects of vitamin A interventions, there are difficulties
associated with the definition and assessment of vitamin A
deficiency that have complicated the plannirg, implementation and
evaluation of vitamin A programs. High cost and technical
problems make it difficult to determine whether vitamin A
deficiency is a public health problem of significant proportions

2



in most developingy ccuntries. This may be a deterrent in program
initiation. This review will address the difficulties
encountered in pas: “eterminations of the prevaience of vitamin A
deficiency as well as current developments in the assessment of
vitanin A status.

II. BACY¥ZLOUND AND 1LITERATURE REVIEW
What is known about the refationship between vitamin A
deficiency and the risk of intection and mortality?

A. Vitamin A and Intection

Studies dating back to the 1920's have consistently demon-
strated that vitamin A deticiency is trequently associated with
the presence of intection. Animal studies have documented, 1)
the ditticulty ot isolating vitamin A deficiency from other
nutritional deticiencies, 2) that in vitamin A deficient animals,
keratinization occurred in several epithelial sites, including
the respiratory and agastrointect inal tracts, and 3) that
infection troquently accenpanied this keratinization, making it
difficult to discern whether the keratinization was due to the
Intection o whether the infection oceurred secondary to the
breakdown ot oprthelial integrity. the interested reader ie
referred to o review that traces these developments in the early
Plterature, tivied "Uitamin A and Intection" by Howard, West and
sonmer,  losd!

Becont anisal studies have demonstrated the preferential
eftrect o vitamin A deficiency on mucous sccreting cells, i.e.
goblet colla % gn woll as drying, keratinization and atrophy of
the surreounding epitheliunm. In rabbits made progressively
vitamin A deficient (VAD), verial examinations of the ocular
surface of the eye revesled that the density of goblet cells
decreased with increasing vitamin A deficlency and that these
changes preceded the development of c¢linical signs of
xerophthalmia by several weeks'’. Therefore, it appears that a
breakdown of one¢ barrier to infection, i.e. epithelial integrity,
may predispose several sites in the tody to an increased risk of
infection that could be directly attributable to vitamin A
deficiency. 1In the orocess of keratinization, sccretory
antibodies (sIgA) and other protective factors from the
epithelial surface are probably also lost.

B. Interactions of Vitamin A _and the_lmmune Systenm

In addition to its effects on epithelial barriers to
infection, vitamin a deficiency may also impair the body's immune
defenses. As early as the 1930's, Bloch attributed the more
frequent and severe infections in xerophthalmic children to a
"decline in immunity"?. However, his observations were limited
to states of severe vitamin A deficiency that were confounded by
other nutritional deficiencies that could likewise depress the
immune system. This remains a critical problem in the study of
vitamin A and the immune system because it is difficult to create
isolated vitamin A deficiency, even in experimental animal
models. Since vitamin A deficiency affects appetite and growth
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as well, the dietary invake of VAD animals is less than non-
deficient animals, thereby confounding the vitamin A deficiency
with at least some degree of protein calorie malnutrition. One
way to avoid this is to use pair-fed controls as was done by
Nauss !0, However, in this experiment, even though the controls
were tfed whatever their VAD partner ate, the weight gain of VAD
rats still progressively fell off when compared to the pair-fed
centrols. This weight plateau is attributed to vitamin A
deficiency. Additionally, investigators have had difficulty
keeping vitamin A deficient animals alive. For example, fatality
rates among vitamin A def.cient rabbits was reported as 52%

0,

compared to 12% in one studyl].

Another way to produce isolated vitamin A deficiency is to
cycle experimental animals on and off{ diets containing retinoic
acid. In one such experiment, growing VAD rats demonstrated
decreased food intake, decrease in intestinal geblet cells and a
welght platecau within 1-3 days of removal of retinoic acid from
the dietl?. Because ot these carly changes due to vitamin A
deticlency, vhese aninals were subsequently force fed to try and
aovercome the potential confounding etftfect of other nutrient

deticiencies.

Determining the oftfect of vitamin A deficiency or the effect
of vitamin A administration on the immune system is also
obfuscated by the complexity of a system whose components (i.e.
cellular, humoral and complement) are so interactive. For
rxanple, certain components ol cell-mediated immunity reg-late
the activity of humoral immunity, thereby affecting the
production of antibodies in response to antigens or what the body
recognizes as foreign.  Given the extensive interactions of the
imnune system, it becomes ditficult to tease out exactly what the
cffect of vitamin A deficiency, or the retinoids, have on the
immunie eysten,

Aside fros these ewxperimental considerations, vitamin A
deficiency rarely oceurs as an isolated nutritional deficiency in
developing countries.  Study of the immune status of children in
these settings can be confounded by protein energy malnutrition,
parasitic infestation, increcased incidence of infectious
diseases, and the syncrgy of the malnutrition-infection cycle
13,14 Also, the breakdown in epithelial integrity that is
secondary to vitamin A deficiency potentially exposes the child
to a largcr gpectrum of antigens that, depending on the intensity
or duration ot the ewposure, could independently depress or
stimulate the immune system.

Apart from these limitations, animal studies have
demonstrated varied effects of vitamin A deficiency on the immune
system depending on the degree of deficiency, the species under
study, and component of the immune system examined. For example,
severe deficiency led to lymphoid or?an atrophy in rats as
reported by Wolbach and Howe in 19251 whereas a more recent,
well-controlled study demonstrated no etfect on spleen or thymus
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weight among mildly VAD rats19. pecreased numbers of lymphcoytes
were observed in VAD rats!0 but not in VAD chickensl16, Adjuvant
effects of vitamin A administered with tetanus toxoid have been
described in several aninal modelsd” kut not in childrenl8,19,
For a detailed review of this subject, the reader is referred to
a chapter titled "Influence of Vitamin A Status on the Immune
System" by K. Nauss!3. <he highlighte of the experimental animal
studies as they pertain to this review include. 1) VAD rats
survive longer in a germirce envirenment 20 which supports the
link between vitamin A deficiency and increased risk of infection
and mortality, 2) the severity of experimental infection is
greater in VAD animals compared to controlz? , 3) the beneficial
effect of vitamin A supplementation among both vitamin A
deficient and replete animals on the immune system or on the
outcome of experimental infection was frequently obhserved only at
very high doses of vitamin A supplementation!?, and 4) there is
evidence for the stimulatory effect of vitamin A and its
analogues on cell mediated inmunity, particularly related to
cell-mediated cytotoxicity and natural killer cells!d,  he
implications of these animal studies are that more research is
needed to determine what impact vitamin A supplementation might
have on the immune status ot VAD children. However, since such
research will be contounded by all of the ractors mentioned
above, studies of the imnune syrtem may not pe the most direct
way oo assessing a potential impact of vitamin A supplementation
cn ¢hildhood morbidity ard mortality,

Farly animal studies described keratinization of the larynx
and tra:hea in several species that wvere made vitamin A deficient
15 certain viral intcotions produce keratinization of nasal
mucous _epithioloum in vitamin A deficient chicks but not in normal
chicks®?, R.cent animal studies ot tracheal tissue have
demonstrated preferential depletion in mucous secreting cells due
to decreased mitotic rated, Additionally, it has been shown that
the ciliary cells that line the respiratory tract and "sweep"
debris up and out of this tract, are derived from mucous cell
precursors<s . Impalrment ol this mucociliary escalator by
vitamin A deficiency could be one way to specifically link
respiratory infection and vitamin A deficiency in the causal
chain. Again, the ewtent or degree of vitamin A deficiency
hecessary to precipitate this respiratory dysfunction remains in
question and has yet to be documented in humans.

Respiratory Infection and Vitamin A _Deficiency

Many associations between vitamin A deficiency and
respiratory disease have been reported. The results are
difficult to compare, hovever, given the varying definitions of
both vitamin A deficiency and respiratory disease and the
differing study designs. An increased risk of respiratory
disease (RR=1.3) was reported for children with mild vitamin A
deficiency (defined as XN and X1B) in a longitudinal
observational study in Indonesia<. Respiratory disease in this
study was defined as the presence of cough, rhenchi, or rales
that led to the diagnosis by an examining pediatrician of
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bronchitis or pneumonia. In a similarly designed study of 1500
children in India, mild vitamin A deficiency was associated _with
a comparably increased risk of respiratory disease (RR=2.0)<%,
In a prevalence survey conducted in Cebu, in the Philippines,
active xerophthalmia was positively correlated with having had
pulmonary tuberculosis (diagnosed by x-ray) or recent whooping
cough?®.  Tn a mere recent prevalence survey of xerophthalmia in
Malawi, children vith active xerophthalmia were more likely to
have had a prior week history of cough and fever (31% more) than
those without xerophthalmia?®. In a case control study “one in
the context of a xerophthalmia prevalence survey of southern
Ethiopia, 165 children with severe xerophthalmia or Bitot spots
were found to have a higher prevalence of respiratory disease
(27/165) over the preceding year compared to age and sex matched
controls (13/165)27, Respiratory discase was defined as fever
and cough that made the child unable to walk and play for a
minimum of five days. FEven though tnis definition of respiratory
disease is fairly dramatic, making it more likely to be
remembered, the leong duration of recall (one year) would make
this data less reliable.

There is less current information on the use of vitamin A in
the treatment of respiratory disease. 1n the 1930's, several
clinical trials of v.tamin A usec in pneumonia, pertussis, scarlet
fever, measles, and che common cold were attempted, although most
of these were poorly controlled and no assessment of vitamin A
status of the varticipants was made. These older studies are
described by S.W. Clauscn in a review titled "The Pharmacology
and Therapeutics of “itamin A"¢8.  Tn the conclusicn of his
discussion on vitamin A and infection, Clausen summarized the
'state of the art' in the 1930's as follows:

The evidence reviewed indicates that severe deficiency of
vitamin A lowers resistance to infection in man and that the
administration of vitamin A during the course of an infection
probably has no beneficial effect on the outcome unless severe
deficiency is present. There is evidence that moderate
deficiency of vitam ' in A may also increase the duraltion and
severity of respiratory infections in man; that an adequate
intake may lessen the severity and duration of infection in
persons moderately de:iicient. It is also evident that many other
factors are of equa. or greater influence on infection, and no
justification existe for calling vitamin A "the anti-infective
vitamin".

Given that interesting historical perspective, there are two
recent clinical trials of vitamin A in respiratory disease to
consider, one done among vitamin A replete Australian children 2°
and the other among preterm US infants with respiratory distress
syndromejo. In the former, 147 1-4 year olds with a three monthn
history of greater than 1% days of cough or three different
episodes of respiratory discase (not defined) were randomized
into a vitamin A (dose = US RDA 1160ug RE given by parents three
times weekly) and placebo group. Whether the respiratory disease
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was strictly infectious in origin or whether there was an
allergic component to the respiratory disease in these children
is unclear. Over the ensuing 1i months, the supplemented group
had 19% (p<0.05) fewer episodes of acute respiratory infection
(ARI) symptomatology (diary recorded by parents) compared to
placebo group. Extrapolation of these results to other
pPopulations is limited given the replete vitamin A status of the
participants, no change in mean serum vitamin A level between the
two groups and the study's methodological problems (e.g. no
validation of parents' ARI assessment) . The later clinical trial
involved 40 very low birth weight (LBW) infants with premature
lungs (presumably a noninfectious condition) and the neecd for
mechanical ventilation. Over the 28 days of supplementation, the
vitamin A supplemented group demonstrated higher mean retinol
levels, less bronchopulmonary dysplasia (BPD, lung scarring) and
shorter required ventilation time than the placebo group. This
study is limited by the small number of study subjects, a very
selective study population, a short interval of follow-up, the
difficulty discerning vitamin A toxicity in preterms3! and the
uncertain retiability of diarmosing BID.

As neither of the above trials specitically addresses issues
of childhood meorbidity and mortality in the developing world (the
tormer study deals with vitamin A repiete children in a developed
country setting and the latter deals with respiratory discase
Secondary to prematurity and mechanical ventilation), trials to
assess the therapeutic and prophylactic impact of vitamin A on
lower respiratory inf-ction (LRT) are indirated both in inpatient
and in commurity settings in vitamin A deficient areas. The
implizations of the c¢linicai trial of vitamin A in LBW infants
for LRI management and control rrograms in developing countrics
is unclear because LRI among I infants in these settings is
compounded by infectious ctiologies as well as prematurity32,
Although what in currently known about associations between
vitamin A deficicensy and ARI and about the effect of vitamin A on
respiratery discase should enecourage other clinical trials, not
enough is presently known to recommend vitamin A specifically for
therapy of LRI.

D. Diarrheal dis >oand vitamin A deficiency

Various researchers have looked at the relationship between
vitamin A deficiency and diarrhea. Sommer and co-workers have
done extensive work in Tndonesia that has focused interest on the
possible degree and direction of this relationship. 1In a
prospective study of 4600 rural Indonesian children, an increased
risk of diarrheal discase {RR=2.7) was noted among those children
with preexisting vitamir A deficiency?. From the same data set
it was reported that there was an increased risk of xerophthalmia
following diarrhea>3. The interpretation of this work has
generated much debate. The association between diarrheal disease
and vitamin A deficiency does not imply the causality of either
condition. A common underlying factor, for instance poverty, --ay
predispose children to both mere diarrheal disease and less
vitamin A intake independently.
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vitamin A deficiency and measles. 1In this review, the point is
made that the outcome of measles is dependent on several factors,
for instance general nutriticnal status, and is not a function
solely of vitamin A status. lowever, the relationship between
measles outcome and vitamin A deficiency was felt to be one that
required much more research. This review concluded with the
tollowing areas ftor fturther research 1) what is the extent of
measlies mortality, morbidity and eye lesions relative to vitamin
A status preceding infection, 2) how do measles virus and vitamin
A deliciency interact to produce morbidity and mortality, 3} to
what degrec does measles precipitate vitamin A deficiency, and 4)
If vitamin A deficiency is causally related to the measles
mortality, what is the effoct of vitamin A supplementation on
this outcomc. Additionally, the review called for studies to
evaluate and contirm the joint WH JUNICEF recommendation that all
children with measles in countries with a high case fatality rate
be given 200,000 1.U. of vitamin A upon heing diagnosed with
measles,

Soveral issues regarding vitamin A and measles were neither
addressed by this review neor elsowhere. To the above list should
be added concerns about the operational issues that arise if and
when vitamin A supplementation is added to EPT activities as was
reccntly proposed at the 1VACG meetings in Ethiopia. Also to be
determined is the dose or doses that are most effective in the
prevention of vitamin A related measles blindness and (if shown
to be usetul) in the prevention of measles mortality.

In summary, the use of vitamin A to reduce measles mortality
requires more research in the arcas listed above before it is
considered a mainstay of measles treatment and competes with
limited resources in child survival. However, frcm an ethical
perspective, the recent recommendations make furthur research
into this arca difficult. From a policy standpoint, it would be
preferaple to stress a primary intervention, i.e. measles
immunization, whereas treatment of measles with vitamin A to
prevent measles mortality falls into the realm of secondary
prevention.  This may be a mute point because, even though there
ig controversy over the extent to which measles blindness can be
attiibuted to vitamin A deficiency, the treatment of severe
measles with vitamin A in an attempt to reduce measles blindness
has already beon advocated.  Vitamin A may become a mainstay of
measties treatment for this other reason.

Fo o Other childhood Morbidities and Vitamin A Deficiency
Vitamin 4 deficiency occurs as a compl cation of cystic
fibrosis, short bowel syndromes and nalabsorption in the USA, but
the specific pathophysiology of these diseases makes them less

relevant to childhood norbidity and mortality in developing
countries. There may be mor: relevance to less prevalent
diseases such as tropical enteropathy, sprue and other
malabsorption syndromes, which tall outside the realm of this
review.




In a study where children with protein calosrie malnutrition
(PCM) complicated by xXercphtnalmia werw compared to children with
PCM alone, 78% of the Xewvophthalmics had bacteriuria (bacteria in
the urine that normally is sterile) versus 17% in their matched
controls4®,  The authors speculated that altered urinary tract
eficnelium may have provided a focus or nidus for infection.
Since the cn.ldren with Xercophchal aia also had tower plasma total
protein (5.2 gm/’dl) compared to their controls (6.0 gm/dl), the
authors alse speculate that the severity of PCM in the
xXerophthaimia group may have also influenced the rate of positive
urine cultures in the xerophthalmia group.

At the recent IVACG meeting in Ethiopia, the cytology of
epithelial cells excreted in the urine of xerophthalmic children
was examined as reported by Dr. Gopa Kotnhari. Although thiere was
some relationship between the presence of clinical signs of
v.tamin A deficiency and the presence of keratinized cells in the
urine, urinalysis still was net a sensitive indicator of vitamin
A deficiency (seec section on assessment of vitamin A status).

It seems reasonable to expect that other epithelial sites
(skin, uro-genitai, rectal, exocrine glands) in the body may be
more susceptible to infection in the presence of vitamin A
deficiency. Follicular keratosis has been noted in severe
vitamir, A deficient states, however since it can also be a result
of vitamin C and/or nicotinic acid deficiency, it is not a
specific sign of vitamin A deficiency!? and is not believed to be
related te infection per se.

G. Vitamin A and Qbildhggg_yortqlity

In the introduction to this review, the studies done in
Indonesia by Sommer et a3.2,33,3 were rentioned as one of the
chief reasons that so much interest has been generated in the
potential role of vitamin A in childhonrd survival. Given that
the Aceh study3 has attracted SO much attention and that it is at
present the only fi=ld trial of vitamin A supplementation with
mortalitv as the outcome, it is worth /hile focusing attention on
some of the details uf that study.

The Aceh study reported a 343 decrease in mortality rate of
1-5 year olds in 229 vitamin A supplemented "programme" villages
compared to 221 control villages that received no supplement or
pPlacebo. The difference in mortality is more striking when the
results are stratified by sex: for males in the programme
villages the mortality rate was 7.2/1000 versus the rate of
12 .2/1000 in the control villages. For females, the nortality
rate was 8.2/10u0 in the programme villages versus 8.9/1000 in
the control villages.

While encouraging tne Aceh study has been criticized by
several saurcesi6,47,48 on issues pertaining to study design and
methods, demographic inconsistencies and analysis of the results.
Some of the concerns raised in these critiques have been that
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since randomization was done on the village as copposed to
houseliold or child level, aspects of the village as a whole may
have led to confounding of the rerults. The following basecline
inequalities betwecen the control and programme villages were
raised by one of the critics?® and may have independently
influenced the difference in mortality:

Control > Programne

-xerophthalmia 21%
~recent hx of
diarrhea 23¢%
-stunting 14%
-wgt “or hgt
<80% 23%

It has been pointed out that, although sex specific mortality
rates werc sinilar betweer. contrsl and programme for the first
two months, in such a short period of time too few deaths would
be likely to occur to show a dittference?’. Besides baselinc
differcnces botwecen control) and programme villages, xerophthalmia
decreased in the control villages 148% during the §tudy period,
which suggests that cther variables vere changing®®. Finally,
the absence of pascline mortality data prior to the intervention
as well as absence of causes of death during the intervention
detract from attributing the difference in mortality solely to
vitamin A during the trial.

The wemcgraphic inconsistencies that have been noted occur
within the age specitic mortality rates trom the Aceh study as
follows:

REPORTED AGE SPECIFIC MORTALITY DURING FOLLOW-UP
RATIE per 1000

Programme Jnntrol RR
Baseline Age
i.., menths
0-12 23.1 27.8 1.21
12-23 9.6 11.3 1.17
24-35 6.7 12.1 1.81
36-47 4.8 4.0 0.83
48-59 2.6 4.1 1.58
60~-71 1.5 5.3 3.53
‘TOTAL 7.8 10.6 1.36

The age specific mortality rates in control villages appear
to rise with age among the oldest two age groups. There is also
a greater proportion of 60-71 wenth olds in koth programme and
control villages. Both of these findings run counter to the
usual demographic situation of greater numbers and mcrtality in
the younger age groups. 1t has been suggested that this
inconsistency may have arisen from enumeration errors and the
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recall method of assessing mortality that could lead to under-
reporting?7. Under-reporting or better conditions in ceneral are
suggested by the following comparison of the Aceh study areac
mortality rates with that of Indonesia as a whole4®:

CONVENTIONAL INFANT (<1yr) AND CHEILDHOOD (1-4yrs) MORTALITY
RATE per 10000

Programme Control
Indonesia
INFANT 23.1 27.8 101
CHILD 5.96 7.99 13

In response to critiques, Sommer and West indicated that
inaccuracies in recorded age may have arisen due to use of a
local events calendar and under—regorting of young infants may
have occurred for cultural reasons?9,

A re-analysis of the Acech data,_garticularly noting
participation, was recently reported®® and the avthors concluded
that the impact of vitamin A on mortality in certain groups may
be even greater than breviously reported. The mortality rates of
control village children aged 3-11 months (ie. €.0/1000) and aged
>=12 months (ie. 1.8/1000) were higher than the respective rates
for program village children who received a capsule (ie. 0.9/1000
and 0.2/1000). a Comparison of similar age specific mertality
rates between program village children who did (above) and did
not (ie. 12.0/1000 and 5.4/1000, respectively) receive a capsule
revealed a significant difference leading to the authors’
conclusions. From this report, the group most likely to benefit
from vitamin A supplementation would appear to be those who did
not receive it. While this may seem obvious, the message to
those involved in implementing programs is clea’; those children
often most difficult to veach are perhaps those who might benefit
most‘.;l This fits well within the firamework proposed by Mosley and
Chen-+,

In summary, the landmark Aceh study has contributed greatly
to the understanding of the relationship between vitamin A
deficiency and childhood mortality in developing countries.
However, until confirmatory studies that overcome some of the
limitations of the Aceh study are conducted, it appears premature
to recommend vitamin A universally as way of preventing childhood
mortality to the degree suggested.

H. A Model for the Relationship Betweern Vitamin A Deficiency

arnd_1nfection

The study of this relationship has always been complicated
by the fact that vitamin A status changes in the presence of
acute infection. For eXample, the levels of serum retinol and
retinol kindipc protein (the carrier grotein for retinol) are
depressed in ' ildren with infections>2,53 Histories obtained
from the caregivers of xerophthalmic children often reveal a
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preceding infection, and many of the studies reviewed here have
reported associations between vitamin A deficiency and preceding
or concurrent infection. It is difficult at the time of
infection to ascertainr ‘f vitamin A deficiency preceded the
infection or the infection precipitated vitamin A deficiency.
The best way to determine the causality of this relationship is
to study it in a prospective fashion.

MODEL FOR THE RELATIONSHIP
BETWEEN CHILDHOOD INFECTION AND VITAMIN A DEFICIENCY

INFECTION
Fever
Anorexia Altered immunity
RBP Epithelial integrity
Absorption ? other
Utilization

? Sequestration
HYPOVITAMINOSIS A

In summary, the relationship between vitamin A deficiency
and infection may be circular, (see model), with the weight of
the evidence in animals supporting infection leading to vitamin A
deficiency. A recent study of Brazilian children with chicken
pox demonstrated that this infection does deplete liver stores of
retinol as refiected by sequential RDR studies pre and post
infection®4. Therefore, preventing recurrent and frequent
infections may help prevent vitamin A deficiency, and in this
sense, other public health efforts such as diarrheal disease
control, EPI and ARI management may contribute greatly to the
control of vitamin A deficiency.

The cause and effect relationship between vitamin A
deficiency and infection can be approached via a clinical trial
cf vitamin A with morbidity as the outcome. If vitamin A impacts
significantly on childh.od morbidity, inferences could be made
from the morbidity specific results as to what the impacc on
childhood mortality might be. The extent to which vitamin A
deficiency is merely a marker for other risk factors that lead to
the increased incidence and severity of infection in children in
developing countries, has yet to be fully slucidated.

Whether or not vitamin A has greater impact on the incidence
versus the severity of an infection will depend on the degree of
exposure to infectious pathogens and the host's immune status.
The role of exposure to infectious disease pathogens may outweigh
any of the advantages of a vitamin A replete state. A good
example of this is measles. It is unlikely that vitamin A can
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prevent the incidence of neasles in a susceptible child exposed
to measles, but it may moderate the severity of the disease.

At this point, not enough is Xnown about the potential
impact of vitamin A on childhood morbidity in non-deficient
populacions to make any policy recommendations. Recent cancer
research has been designed to measure the impact of vitamin A
and/or beta-carotene in cancer patients or patients at high risk
of developing cancer. Presumably, these patients will not be
vitamin A deficient (unless they are cachectic), and these
studies may provide clues about the effect of vitamin A in non-
deficient populations. However, the inferences that can be made
from such studies of adult populations in deveioped countries
with outcomes that pertain to cancer reduction, will be limited
relative ton the potential impact of vitamin A on the other end of
the age spectrum in developing countries. It seems prudent to
establish the impact of vitamin A on childhood morbidity in
deficient populations before moving to clinical trials of vitamin
A in non-deficient populations.

ITI. »7"SESSMENT OF VITAMIN A STATUS

A. Clinical Signs and Symptoms:

Clinical signs have long been used to diagnose vitamin A
deficiency. The WIO classification®® lists these signs in order
of severity, as follows:

Nightblindness XN
Conjunctival xercsis X1A
Eitot's Spots X1B
Corneal Xerosis X2
Corneal Ulceration X3

In its severest form, Vitamin A deficiency causes corneal
xerosis and ulceration and subsequent blindness, while milder
forms are raversible, both spontaneously and with dietary or
pPharmocologic vitamin A treatment. Relying on the clinical signs
of xerophthalmia is unsatisfactory given that the severe stages
of xerophthalmia are irreversible, that Bitot's spots in older
children (>5 years old) are sometimes unresponsive to treatment
with vitamin A and thus thought not to reflect current vitamin A
deficiency, and given the late appearance of these signs. This
latter point is of particular concern in that the immune system
demonstrates changes before any ocular signs of vitamin A
deficiency appearl©, Additionally problematic is that large
sample sizes are needed in order to obtain enough cases of
clinical xerophthalmia to vield a reliable estimate of the
prevalence of vitamin A deficiency in a given population.

B. Biochemical Assessments

The best standard for assessing vitamin A ctatus is liver
biopsy and analysis for vitamin A content because 90% of total
body vitamin A is stored in the liver. For obvious reasons, this
is not an acceptable assessment methoc i1 field settings. 1In
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hospital settings however, liver biopsies have been used to
evaluate other methods of vitamin A status assessment96.57,

The relative dose response (RDR) technique provideo an
estimate of hepatic reserves of vitamin A in experimental
animals. This technigue is based on the release of apo-retinol
binding protein from the liver in response to a small dose of
retinyl pa:mitate when hepatic reserves of vitamin A are lowd®,
Severe protein malnutrition and alcoholic cirrhosis in adult
inpatiente appear to confeund the results of RDR, thus RDR may
not be reliable in these cases®?. The test has been recently
validated in a small inpatient study ot children with liver
disease and has shown good corrolatlon with liver blopsy results
despite varying levels of protein” 56 It does require two
specimens of blood separated by 5 hours, when no vitamin A other
than the test dose is ingested. A simplified method of RER
requiring only one blood sample is being developed (personal
communication trom JA Olson).

Serum retinol itevels have been used by numerous researchers
for decades to estimate the vitamin A status of subjects.
Assessing the vitamin A status of a population in the past has
been fraught with the cultural, technical and analytic problems
associated with obtaining and measuring serum levels of vitamin
A. Except at the extremes of deflciency (<10 ug/dl) and excess,

serum retinol levels cannot be reliably used to assess vitamin A
scatus in individuals®?.  Howoever, frequency distribution curves
of serum retinwui levels may be used to assess the status of
vitamin A in a nopulation as was done by Arroyave in evaluating
the fortification cf sugar in Guatemala in 1975-7761, At least
one published study®® has shown that serum retinol levels are
correlated with the RDk at the level of the individual.

C. Cytologic Methods of Assessment

1. Conlnn(t al impression cytology- ICEPC Technigue
Conjunctival 1mpression cytology (CIC) has been proposed as a
method ot detecting early werophthalmia®3 and even subclinical
vitamin A deficiency®!.  In rabbits that were proyressively
depleted of vitamin A, this technique demonstrated a gradual
reduction ot conjunctival goblet cells with increasing vitamin A
deficiency’. These cytologic changes occurred before clinical
signs of deficiency appeared, thus the technique showed promise
as a means of detecting subclinical vitamin A deficiency.

Prior field trials of CIC involved application of CIC to
highly selected popalations in India and Indonesia, i.e. those
who had clinical signs of \ﬁrophthalmla were compared to those
without clinical 1.qn“63 65 In 1ndia, 32 children with mild
:zercphthalmia (night bllnanbS, conjuncciva] xerosis or Bitot's
spots) had baseline CIC taken followed by vitarin A treatment and
18 c¢f the 32 had follow up CIC three and eight weeks later®3. 1In
the follow up group of 12 children with xerophthalmia, of these,
12 had abnormal CIC at baseline and normal CIC posttrezatment. In
a larger study in Indonesia, the CIC of 75 children with night
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blindness or conjunctival xercsis with Bitot's spots were
compared with 74 age matched controls®®. cIC was obtained in
hospital using papoose board and lid retractor. The results of
CIC were compared to mean serum retinol levels, clinical
xerophthalmia and response to vitamin A, two doses 25,000 and
200,000, given in a randomized fashion. The mean serum retinol
levels decreased with increasingly abnormal CIC stages from 23
umol/L to 11 umol/L in cases and from 23 umol/L to 17 umol/L in
controls. Following vi:amin A treatment, 50 children out of the
53 who had abnormal cytology and had received vitamin A initially
had normal cytology at some point during the six month follow up.
CIC was felt to be closely correlated with vitamin A status and
"more sensitive than a clinical ocular exam". 1In a prior
abstract of this work, the sensitivity and specificity or CIC
compared to clinical findings was cited as 88% and 93%
respectively. CIC compared to serum vitamin A levels vielded a
sensitivity of 60% and a specificity of 80%.66

Tne authors of this review conducted a field trial of CIC in
Guatemala to assess its validity and feasibility (in press, AM J
Clin Nutr). CIC was performed in varied field settings much as
it would be applied by a ministry of health or private voluntary
organization attempting to assess the extent of the problem of
vitamin A deficiency in a given population. 236 Guatemalan
children aged 2 to 14 years were examined for subclinical vitamin
A deficiency using CIC. One impression was taken from the
temporal bulbar aspect of each eye. The feasibility of the
technique was assessed. The CIC technique was easily performed
on children greater than 3 years of age, but was more difficult
among thoze 3 or less yecars. However, neither 1id speculum nor
phvsical restraint in the form of a papoose board was necessary.
Laboratory processing of upecimens is uncomplicated, but
microscopic interpretation may be problematic and requires
c¢learly defined criteria of normal ard apnormal cytology as well
as careful standardization of readers.

CIC results were compared with fasting serum retinol levels
and RDR of study child.en to assess how CIC may detect marginal
or subclinical vitamin A deficiency in various field settings.
Fasting serum vitamin A levels were drawn following CIC, and a
follow-up vitamin A level was drawn five hours after 480 retinol
equivalents of retinyl palmitate was given (standard RDR
procedure). Using a 20% KDR cut-off to define vitamin A
deficiency. the sensitivity of CIC was 23%, with a specificity of
80% and a positive predictive value 93 (n=213 children).

Compared to fasting vitamin A levels alone (using <20 ug/dl as
abnormal), the sensitivity of CIC was 26%, ‘pecificity was 81%
and positive predictive value was 22% (n=221 children). There
was no significant difference in the mean serum retinol level
between those with abnormal CIC and those with normal CIC. These
results challenge the utility of CIC as a field test for
detecting subclinical vitamin A deficiency in individuals and in
populations with a low prevalence of clinical vitamin A
deficiency. This study should be replicated in an area of higher
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There was, however, low sensitivity and specificity of these
buccal and urinary sediment smears. Both methods, but
particularly the buccal smear, were noted to be very feasible.

D. Dietary Assessment

Measuring dietary intaje of vitamin A is fraught with the
usual measurement difficult:.es that limit other types of dietary
assessments. Block, et al., aaveloped a self-administered diet
history whi=h had excellent correlation with a one-day diet
record but which is limited by 2 roguirement for a population
based data set to construct the questionnaire®7. Additionally, it
is unclear the degree to which a single assessment accurately
reflects an individual's vitamin A status over time. It has been
estimatad that 5 to 26 independent measurements of dietary data
(24 hour recalls) may he necessary to reduce the error introduced
by intraindividual variation®4, Interindividual variation
presents another limitation of dietary history. Because
individuals within certain cultures may share dietary habits,
there often is littile difterence between individuals in terms of
dietary intake®?, particularly in monocrop cultures. This lack
of dietary heterogencity within in a culture "results in a
statistical inability to differentiate individuals by nutritional
factorsm09, Therefore, dietary intake tends to be a poor
indicator of an individual's current vitamin A status.

The methods of measurement of intake measurement face
problems of reliability and validity that require further
research, development and corielation with other methods of
assessment of vitamin A status. Some comparisons between dietary
questionnaire results and plasma carotenoid levels were poorly
correlated’? yhije other comparisons between intake of vitamin a
and plasma vitamin A levels had good correlation (v<0.001)71,
Quantitative dictary histories combined with food frequencies
demonstrated in Indonesia that children with corneal disease and
those with Bitot 'y Spots consumed vitamin A and brovitamin A
foods less frequently than normal children’2, Seasonai
availability of foods con be important in many areas of the world
making the timing of such an assessment crucial.

Dietary intake would appear to be a better indicator for
identifying populations at risk for vitamin A deficiency who, for
instance, have intakes below Food and Agriculture Organization of
the United Nations (FAO) standards. Efforts are underway to
standardize a dietary history that might be used for assessment
of populations at risk ror vitamin A deficiency. A standarized
methodolgy for obtaining combined rood frequency, recall and
semi-quantitative intares of vitamin A foods was presented at the
IVACG meetings in Ethiopia and is currently being field tested.
Although less helptul in assessing individual vitamir A status,
the information gained from a valid and reliable dietary
assessment may be key to effective nutrition education and
horticultural planning.






liver stores of vitamin A. Because of the poor correlation
between clinical signs and serum retinol levels, some feel that
all biochemical measures are boor indicators of vitamin A status
since vitamin A metabolism is homeostatically contrslled, i.e.
kept constant. while this may be true of serum retinol levels,
it may not be true of other biochemical parameters. It has been
theorized that serum retinol levels are maintained to meet
physiologic needs until the concentratien of vitamin A in the
liver falls below a cortain critical level??4. oOne recent study
of vitamin A metabolism in rats suppcrts these findings and also
demonstrated that belcw this critical level, the utilization of
retinol is decreased at the tissue ievel’®. 1In short, it apvears
at this time that there is a direct relationship between depleted
or depleting liver stores of retinol and retinol utilization and
concentrations at the tissue level at least in rats.

Aside frcm the technical aspects of assessment techniques
that are currently under debate and rescarch, there are other
questions that relate to assessment that require attention. For
instance, what are the programmatic implications of the difrerent
stages of vitamin A status? Uhat are the relative risks of
morbidity or mortality for a child with eye signs versus a child
with reduced liver stores (estimated via RDR) versus a child with
less than the recommended daily dietary intake of vitamin A?
Should each one of these be targeted with the same interwvention
(given limited resources) and yet be expected to demonstrate the
same impact?

IV. THE GLOBAL PROBLIM: ESTIMATING PREVALENCE

A. Usec of Provalen e Criteria

Vitamin A deficiency has been_i{dentified as a public health
problem in many areas of the worla’®,  The fu.l extent to which
children in the developing world suffer from this deficiency is
not accurately known, although attempts to estimate the glcobal
problem have been made. WHO has published prevalence criteria
for determining the public health significance of vitamin 2
deficicncy that use clinical s1gns and serum retinol levels®3.

Prevalence Criteria for Determining
the Mublic Health Significance
of Xerophthalmia and Vitamin A Deficliency
Amony Pre-school Children

Night blindness (XH) in >1%
Bitot's spot (X1B) in >0.5%
Active corneal discase (X2/X3A/X3B) in >0.01%

Corneal scar (X8) in »0.05%
Plasma vitamin A of <0.35 umol/l (10 ug/dl) in >5%

These criteria have been applied to individual country
situations to help establish needs for interventions. Dr. E. M.
DeMaever of the WHG, using secondary data from a variety of
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sources, has placed countriecs into three classec: a) Class 1,
those with a public health problem in part or the whole of the
country, b) Class 2, those wherc information is insufficient but
where there is a high probability of a siganificant public health
sroblem in part or the whole of the country, and c¢) Class 3,
those countries from which sporadic cases are reported but where
the prevalence of vitamin A deficiency is not believed to be a
significant problem. This was reported at the TVACG me-ting in
Ethicpia, 1987. While this clasuzification was not doi 0
reilect true prevalenze, it could be misinterpreted. r
instance, the absence of Guatemala for which there is some
biochemical data indi<ating vitamin A deficiency and the listing
of Thailand as Class 3 when historically it has harbored
significant poputations cf deficient children may lead to an
underestimation of tno extent of the problem in these countries.
Additionally, changing conditions such as drought or war may
precipitate more epidemic proportions of vitamin A deficiency in
populations with little vitamin A reserve, such as occurred in
Denmark during the first World war’7. It must be recognized that
such a classification is limited by the difficulties associated
with assessing vitamin A status, the cost of such assessments
(surveys), as well as, probable under recognition and under-
reporting.  This listing is likely to be quite fluid as
additional information is available.

B. Problem: in Prevalence Ascertainment

The true prevalence of vitamin A deficiency is vevy
difficult to ascertain’®. Case definitions must he consistent ir
order to compare rates both within and amcng ceocuntries and
sampling methods wust consider some of the epidemiological
problems associated with vitamin A deficiency, eg. clustering anc
seasonality. <Clearly, one must weigh the costs both in time and
in monetary terms of attempts to establish rates of vitamin A
deficiency against the returns of specific, local information
versus other sources ot data suggesting the extent of the problen
of vitamin A defliciency. This is perhaps varticu.arly true for
private veluntary orcanizations and others who may not have the
expertise or the rescurces for the assessment of vitamin A status
or in conducting sush surveys.

Guidelines for assessing vitanin A status have been outlinec
by IVACG’® but given the various ways that rates of vitamin A
deficiency are measured, ie. by clinical signs, biochemical
indicators, dietary intake and ncw cytologically, these rates may
differ. Various means of azsessment may describe different
portions of the vitamin A deficiency spectrum which makes
comparisons difficult. Certain methods of assessment may also
imply particular routes for intervention. For example, capsule
administration may be indicated for arcas where clinical exams
found eye signs to be prevalent. An agricultural/health
education approach, however, may be more appropriate for a
population that may not have suc. an alarming clinical picture
but that, by dietary history, has inadequate intake.
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In addition to problems of definition, survey methods can
Present obstacles. $ince vitamin A deficiency is a relatively
rare occurrence, irhe Sampled population must be quite large to
€nsure the accurecy ot the estimate ol the rate of deficiency.
Using figures from an heroic effort to determine the extent of
the problem in the country of Indonesia as an oxamplelQ, 4 cases
were discovered among 4147 children in cne zone where children
were examined for active corneal xerophthaimia. This gives a
rate ot about 10 Per 10,000, 1n spite of the large (trom a
legistic g andpoint) sample size, the 95% confidence limits for
the prevalence in the sampled zone were 0-21, meaning that one
could be 95% certain that the true prevalence fell into th,s
range. It is also known thot vitamin A deficiency clusters in
neighborhoods which makes getting an accurate estimate even more
difficult80, e seasonal ity of vitamin A deficiency®1,82,83 44
the spontaneous resolution of some clinical signs add to the
difficulty jn establishing the trye prevalence of this condition,
Cross-secticnal and cluster surveys must take these facts into
account when attempt Ing 1o assess the extent of the problemn.

C. Recont Preva lence Surveysg

Numerou:: BUrveys have been conducted in scoveral countries or
regions that have added to the body of knowledge of vitamin A
deticiency.  The ettort by Sommer et ay. /9 to establish the
extent of the prontem of vitamin A deficiency in Indonesia was a
massive undertaking.  Thooe researchers found an annual incidence
rate for corneal Ferophthalmia of 0,273 apa a prevalence of
0.064% in rura) Indenesia, ho prevalence data for rural
Indonesia were baced on oo Cives of corneal xerophthalmia. While
the relevance o hese tindings g diminished over time and the
dse of disagqregated dat.y .. raught with problems of validity

» much useful inlormat jon can still be obtained trom this

survey done over g decade ago.  The results of thisg survey have
been the basis 1or the otten ¢ited extent of the problen in four
of the most populated countries in Awj, 89, Kxtrapolation of the
Indonesian findings to these neighboring asian countries may be
done but with an attendant incroase in the margin ot error, ie.
there is a greatver range for hoth over- ana undcrestimating the
extent of the problenm. Fortunately, there aro reports f{rom these
countries to SUpport the conclusion drawn from the Indonesian
data.

The island of Cobu in the Philippines was the site of a
I study that inttially used a survey to determine the prevalence of
vitamin a4 deficiency. Solon ot al.?% assessed 1715 children from
626 families from three areas in each of four ecological zones.
There were ahout UG 1-6 vear olds and about %0 7-1¢6 vear olds in
cach of the 12 arcas. 7The prevalence of all clinical signs
(except XiA) waws 1.54, of Jow or deficient serum retinol levels
was 57%, and of both wis 2.9%.  The validity of these rates when
using more than one child per family couid be guestioned on the
basis of the Clustering of vitamin A deficiency82,  There are,
however, little published data frea other equally rigorous
Surveys in the Philippines with which to compare these findings.
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remains. Guatemala had had a now discontinued prog ram of
fortification to deal with hypovitaminosis A but it is possible
that this intervention may be reinstituted. In Brazil, 4991
children were examined in several areas in the northeastern stace
of Paraiba®3. 1In one area the observed prevalence rate of
Bitot's spots among preschoolers was as high as 1.9% (n=570) .

The presence of clinical signs of xerophthalmia was noted to a
lesser extent in other areas. There is little survey information
from other regions in the Americas.

D. Summary

‘nowing the true extent of the problem ot rsitamin A
deficiency in any given situation is difficult. There are
problems in establishing the prevalence of vitamin A deficiency
which include as yet inconsistant case definitions, the rarity,
clustering and seasonality of the condition, and the expertise
aud resources iequired for the determining of vitamin A status.
The problem has been best studied in Asia, though even therz and
certainly elsewhere in the world, surveys are becoming outdated.
In many countries which have had or potentially could have a
significant problem of vitamin A deficiency, there have been
climatologic, political and economic chances which could
dramatically change the situation.

V. INTERVENTIONS AND} PROGRAMS

A. Determining the Need for an Intervention

Establishing the neced for an intervention to deal with
vitamin A deficiency means assessing vitamin A status and invokes
the problems associated with assessment that have been covered
proviously. The first line of investigation is usually an
examination of hospital or clinic racords for cases of
xercphthalmia, althouch misdiagnosis may, make this an unreliable
source. As previously indicated, prevalence surveys are
difficult and costly due to the sample size needed for a reliable
estimate. Current research efforts are focused on field
applicable means for éssessing vitamin A status reliably and
rapidly. If a word exists in the local language, this helps in
case-finding and indicates that at least the lo-al population has
recognized the problem. Once a need for a program has been
determined, the data or evidence must be strong enough to
persuade public health officials or a Ministry of Health that
vitamin A deficiency snhould be a priority.

B. Targeting Vitamin A Progqrams

Vitamin A interventions have usually targeted preschool
children given that this appears to be a high risk group for
vitamin A deficiancy particularly as manifest as blindness. The
risk factors that were signilicantly associated with vitamin A
deficiency In urban Bangladesh after controlling for demographic
factors, included lack of maternal knowledge about vitamin A,
goor dietary vitamin A intake, and cessation of breast-feeding

7. This study concluded that programs should focus on dietary

approaches such as support of breast feeding and provision of food
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supplements "targeted at slum dwelling families, particularly
those with large numbcrs of children."

While associated with vitamin A deficiency37, low SES and
lack of maternal education have not been specifically targeted
for vitamin A interventions. As suggested above, vitamin A
deficiency may be a marker for these common findings. Low SES
and lack o: maternal education are also associated with increasec
childhood morbidity®?}, so that targeting 111 children for capsule
delivery, for instance, 1s cne way to cover these other risk
factors. Other perhaps more sustainable and development orientec
interventions, such as income generating projeccs, home gardens,
nutrition education programs and women's educ.cion, may also have
an impact on vitamin A deficiency.

Targeting on the basis of acute illness and malanutrition has
been considered given the association of vitamin A deficiency
with various childhood morbidities, ie. diarrhea (particularly
prolonged diarrhea), acute respiratory illness, urinary tract
infectinn, measles and protein energy malnutrition. The clinical
setting would be the most logical place for such targeting and ir
some areas of the world, Tanzania for example, all hospital
admissions of measles ave treated with vitamin A. Clearly,
targeting all families with children treated for malnutrition for
dietary education may prove efficacious.

Recommendations for treating diarrhea and measles with
vitamin A were discussed ac the 1987 IVACG meeting in Addis
Ababa. Administration of vitamin A to children with ciarrhea was
presented as a prophylactic intervention to prevent vitamin A
deficiency that is associated with diarrhea, and as a way to
extend coverage of children at risk89. The expectation that
vitamin A administration might also reduce the incidence and
ceverity of subsequent episodes of diarrhea was mentioned but the
need for further research to confirm this was underscored. It is
not clear which type of diarrhea responds best to vitamin A
administration, so it :1s difficult to construct unambiguous
operational recommendations for wha' episodes to treat, with what
dose and how frequently. ssuming that the question of the
absorption of vitamin A is answered, the effect, if any, that
vitamin A has on an ongoirqg episode of diarrhea needs to be
determined. Is this effec: greater for dysenteric syndromes or
secretory types of diarrhea? If the effect of vitamin A is on
prevention of subsequent episodes, does this effect apply to all
types of diarrhea or to specific pathogens? What is the effect
of vitamin A administration on the duration of diarrheal
episodes? What .s the effect of vitamin A on the growth of the
child recuperating from a diarrheal episode? More applied
research in this area is needed.

The expectation that reaching the high risk groups will be
facilitated by targeting acute illnesses, such as diarrhea,
through clinics may not be valid. Targeting morbidity is
dependent on contact with a health worker or clinic. A raximum
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of 5-10% of diarrheal illnessecs reacn the health clinic, and
often the cies that reach the clinic are not the poorest, least
educated fumjlies most at risk for vitamin A deficiency (personal
communication with Kenne*h Brewn MD, JHU SHPH, Div of Nutrition),
Health se:king behavior, distance rrom the home to the health
center and availability of health centers and of vitamin A
interventions in health centers will also modify the hoped for
increase in coveraqg:

One could argue that delivering vitamin A, for instance as a
capsule, to i1l children perhaps recaches these children too late.
This may be especially true of hospital admissions who, depending
on the disease in question, ara frequently quite moribund by the
time they reach the hospital. Even as adjunctive therapy, it
would seem overly optimistic to expect reversal of advanced
pathology by vitamin A in hospital settings, Tt may be more
effective to try to reach the ligh risk groups in community
based, preventive effort before infeetion precipitates a more
acute situation for the hign visk child. However, at present the
data to support one mode of targeting versus another are
incenclusive

C. Preventive Interventions

Until recently, the objective of intervention programs has
been to prevent clinical ¥erophthalmia and the ensuing blindnesc.
Thus far, vitamin A intervention programs have not been
specifically geared at reducing childhood mortality and
morbidity, although this is what is currently being considered.
When either objective ig discussed, the same means of dealing
with vitamin A deticiency arc usually considered. There are
three well described preventive strategies for improving vitamin
A status; these include: 1) periodic large dose vitamin A
distribution, 2) fortification of a widely available and consumed
food, and 3) agricultural and herticultural programs with a large
dietary education component /8. phat treatment programs for acute
xerophthalmia are important gees without saying but these efforts
will not be discussed hero.

The use of vitamin & capsule distribution is generally
regarded as an interim (tcmporary) measure for the control and
prevention of vitamin A deficiency. The recommended dosing
schedule for a vitamin A capsule distribution program is 200,000
intecrnationa units glven twice a year. The dose for children
less than cne year of age or who are significantly underweight is
100,000 I.U. twice a year. While the capsule is relatively
inexpensive, as might be expected, the costs of distribution are
significant unless a well developed infrastructure exists and can
absorb the expense. It may be more cost effective to tie “he
distribution of capsules to some other health intervention
already in cperation, such as vaccination programs or other
regularly occurring events. A recent WHO report of an EPI Global
Advisory Group Meeting (11/9-13/87) proposed that the addition of
iodine and vitamin A administration to the EPI program would be
feasible and ccst e“fective in that these nutritional supplements
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separate distribution system. Field trials of this proposal are
being discussed for lwanda and Pakistan as reported by Nicholas
Cc'.en from WHO at the recent IVACG meetings.

Coordination between clinic and community based distribution
is necessary to prevent potential overdosage, particularly if
multiple criteria for dosing are used, ¢g. biannual prophylaxis
and dosing during diarrhea. This unfortunately underscores thne
need for gcod recocsd keeping In Indcnesia, the growth
monitoring and immunization card that is giver to the child's
family to keep has an area devoted to rocording of vitamin A
receipt. Unfortunately, it is not universally used. However,
given proper training and supervision, the use of these cards can
be reinforced and the moniteoring of vitamin A receipt made much
casier. The issue of monitoring capsule distribution in areas
where there are multiple channels for distributing vitamin A is
impertant and requires operational research to answer the
question of how potent ial overdosage can be avoided.

while capsule adninistration tits inte a medical/
pharmaceutical model for the control of vitamin A deficiency, the
more long term measures of teortification and dietary/
horticultural interventions are were appnaling to those who
ascribe to a broader development approach. These long term
approaches may face the limitaticns of increased costs, and of
the need for education, resources and the political will required
to implement them. Fortification with vitamin A of a food that
is widely consumed, ¢.g. tea, sugar, or monosodium glutamate
(MSG), will only be eftective if the high risk groups can buy and
will consume the fortified product. Fortification of a food is
usually a large scale undertaking, eq. done on a national level.
Research efforts are now underway in several settings which would
clarify many guestions about this promising method of
intervention.

Dictary education and horticultural interventions are mcre
easily impiemented on a smaller scale. Som2 approaches to this
method of interventicn have been suggested by previous
epidemiologic surveys. A case control study conducted with a
xerophthalmia prevalence survey in Malawi also found a strong
association betwecn early cessation of breast-feeding and poor
weaning practices and xerophthalmia®9. Given these findings, the
focus on prolonging breast-feeding and improving weaning
practices that many nutrition programs already advocate, may have

n impact on vitanin A deficiency. Dietary education is,
however, a formidable undertaking given how rigidly dietary
habits are often held. Agricultural programs in turn must
overcome cultural preferences as well as region specific
obstacles, e.g. cultivation of vitamin A rich foods in poorly
arable land {the altiplano of Bolivia, drought prone areas).
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D. Comparison of Various Interventions

Three intervention programs, capsule distribution, MSG
fortificaticn and diectary education, have been compared in Cebu
in the Philippines®! in a pre- and post-interventicn evaluation
design. Over the two vear period of the study MSG fortification
was the only intervention that significantly decreased clinical
signs and resulted in a risc in serum levels of vitamin A.
Capsule distribution, 200.060 [.U. every six months, reduced the
pPrevalence of clirical signs sitgnificantly but did not change
serum retinol levels. A cost-bonefit analysis was pertormed as
well, which indicated a high benefit-cost ratio for both MSG
fortification and capsule distribution. A low benefit-cost ratio
for the public heaith/horticul tural intervention was calculated,
although the "non-vitamin & rolated benetits" were not included
in the calculation. The cstinated annual costs of the
interventions, implementod between 1973 and 1975, were $63 per
barrio (300 households) (or capsules, $173 for MSG fortification,
and $2840 for public health/horticultural program. The authors
projected that, if done on a notional level that would allow for
economy of scale, tortitication would cost less,

This technically ditticuls and vet informative study has
certain limitations that bear attention. There was insufficient
time for the longer torm, public health interventions (provision
of a community heailth worker, onvironmental sanitation,
deworming, immunization, and nutrition and health education) or
horticultural development to demonstrate an impact. Certainly,
this program's non-vitamin A related benefits are important and
should be accounted ror as weil. The impact cf capsule
distribution on scram retinol levels may not have been
demonstrated becatse Theoge |eovelo woere drawn six months after the
capsules were given. (Data trom Brazil have shown that serum
retinol levels return to baseline 3-4 months after capsule
administration®?.)  rhore were no comparison groups and time and
inter-village dittorcnces conld have influenced the results
independent of the interventions.  For examnple, the lowest mean
per capita incomes and the lewest levels of maternal education
were found in the public health/horticultural villages, while the
higheet mean per capita incomes were in the capsule villages, and
the highest level of maternal education was found in the
fortification viltages,

These interventions ditier with regard to sustainability as
well. Fortification ig purportedly more sustainable than capsule
administration, once the costs got passed onto the consumer. It
remains to be secen whether those passed-on costs put the
fortified product out of the reach of those who need it most,
i.e. low SES group. The sustainability of nutrition
education/horticultural offorts depends to a great extent on the
agricultural potential of the terrain available to the target
population, the mechanisms available for transferring the
information and the resources available to implement any changes.
An income generating conmponent added co horticultural efforts may
increase sustainability. Multiple factors may influence the
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In the discussion of the results of this evaluation, the
authors identify the following problems with capsule distribution
that may explain the low impact on mild xerophthalmia: 1) low
coverage rate, (il Is estimated that coverage rate should be >65%
in order :o dcnun,trd*~ an impact®®y 2) the children most at
risk were not reached, for unstated reasons there 1s better
coverage of children jess at riok (that the groups most at risk
were not reached is supported by the Aceh studv , 3, depleted
initial vitamin A sutatus accompanied by poor nutrltiondl status
in general dilutes the effect that one 200,000 1.U. capsule can
have. The authors suggest that alternative methods are needed to
improve the efficacy of the vitam.n A capsule program. These
efforts include targeting high prevalence seasons for capsule
administration, tostering home garvdens, improved weaning
practices and fortification of wheat with vitamin a.

Evaluation of India's capsule distribution program in the
later 1970's was a similar large scale cffo‘t, 1nvolv1nq

. . . . . G
examination ot 69,000 children in 8 states in India?29. The above

mentioned clope test was utilized to assess the impact of capsule
distribution on Bitot's spot prevalence.  From an operational
standpoint, however it was discovered that poor maintenance of
records, lack of community nutrition cducation, little awareness
in the community of the rols of vitamin A (80% knew nothing of
the program), and poor supervision were the main problems
encountersd with caponle distribation.  The recommendations that
were made subscguont toa this ovaluation were for better training
of the supervisors and the distributors, with an emphasis on
education and record hkecping, shorter and more precise recording
forms, and nutiition clducation in the community.

These cvaluations underscore the interim nature of capsule

digstribution and the vagaries of reaching those children most at

isk. Operaticnally, it vould have been ‘helpful to know what
facters specificaily impoded copsule distribution in the low
coverage areas, and conversely what contributed to the high
coverage achieved in other areas. For instance, at the village
level, was the level ot capoule coverage a function of a
particular type of distributor, capsule supplier, the
accessibility ot the torget population, the demand for capsules,
etc.?

Additionally, these evaluations indicate a need for
nutrition education and social marketing. Nutrition education
has been favorably cvaluated to a limited extent with regard to
its effect on knowledge, attitude and practices of participants
100, however, more rescarch is necessary. The role of social
marketing chould be to create demand thus increasing coverage
and thereby increasing nfficacy of thn program. Trials of social
marketing approaches are underway in Indonesia and Thailand.
Operationally, the social marketing component has been viewed as
an interim measure until the vitamin A intervention becomes
established, bu. it may well need to be a sustained effort, with
messages cyclcd through at reqular intervals, and renewed
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periodicaily to avoid message burnout. It has yet to be
determined how cost-cffective social marketing will be.

The interested reader is referred to €. Fischman's AED
reviewlOl ynich summarizes the ecxperience of current programs
with social marketing efforts and nutrition education.

In summary, it is unrealistic for private voluntary
organizations or umaller scale MOH programs to attempt to measure
the impact of wvitamin A on morbidity or mortality. The numbers
required to demonstrate the impact of any vitamin A intervention
are very high, perhaps larger than the target population of the
program. nODhlStl(dtﬁd tracking and recordlnq systens would be
necessary in addition to a control group in order to attribute
solely to vitamin A any cltects seen. Even if it woere possible
to catalogue all deaths in a sufficiently large population or to
keep track of all diairheal episedes in a smaller population, it
would be lwpossible to isolate the erfect of vitamin A from the
effect of othor interventions that a PVO or MOH is nost likely
concurrently iamplesenting. 1t is more realistic that the focus
of private volun-ary or smaller MOU projects should be the
~valvation of process as opposed to lmpact indicators, switching
the emphasis (rom ovaluation of efficacy to avaluation of
delivery and custainability.

VT. CURRENT PROGRAMMATIC ACTIVI'TIES

Al) current Us Agency for International Development funded
projects are nicely summarized in "Evaluation of vitamin A
Imntervertion Programs: Focus on 1FC/Social Marketing” by Claudia
Fischman of the Acadeny for Fducational bevelopment (AED) 101,
This document alse high!icghts the potential for social marketing
and nutritional education components in these projects.

VII. RECOMMENDATIONG

A. Reaeoncoh Bt ;‘;r‘t o

Besides more speci I'ic suggestions made in the te.t as to
areas needing additicenal resecarch, continued support and/or
funding for rcuscarch etforts are a]so nccessary to establish:

1. the magnitade of effect of vitamin A v hiidhood
morbidity and mortality.

2. prevalence of vitamin A deficiency in suspected
vitamin A deficient areas.

3. ficld apolicabie, reliakle, valid, inexpensive
methods of vitarin A 1ag0”ﬂnonl

4. means of dimproving Jdistiribution of vitamin A

capsules to high risk, ditticult to access
populations.

5. means of wveaching difficult to access groups with
various fortitied foods.
6. means of optimizing results with dietary education

and horticultural training efforts applied to high
risk groups.
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=y



8.

B. Progr

cost effectiveness of vitamin A progranms
recognizing the differences in vitamin A
epidemiology in different areas of the world.
identification of indigenous food sources of
carotene rich fcods for child feeding.

am_pfforts

Programs aimed at the eradication of vitamin A deficiency
must take into accoint severa) points. Limitations of the data
suggesting the ncea for a program (both over- and under-
estimations) must be taken into account. frogram design should

target high ri
consider sus

ko populations if possible. These efforts must

tainability and the ability to be integrated into

other health care activities in the arca when apropriate,
Additionally, any ettort must include a means of evaluation which
is realistic ior the situation. This will in many cases,
especially for amall etforts, not invelve the measurement of
changes in morbidity and mortality rates.

Support

1.

2.

3.

for programmatic efforts could include:

facilitating fortitication where appropriate.
increasing capsule coverage wherz appropriate.
collection of other information that would allow
for the compiiation of a profile of demographic,
soclioecconomic and geographic factors describing
those who have received the capsules versus those
who have not recieved capsules. (This information
conld be fed back into the cystem on the next
round of distribution in order to increase total
coverage but specifically to increase coverage of
those at high risk.)

expioration of ways that vitamin A interventions
¢an be incorporatad into ongoing programmatic
activities, especially growth monitoring,
nutrition education, food supplementation programs
and primary care.

more long term solutions, ie. dietary and
horticultural programs, with particular
examination of their sustainablity.

insisting on realistic Program ¢valuation for each
eftort, emphasizing process indicators as opposed
to impact indicators until further research
elucidates the proper impact indicators. (This
could best be accomplished by convening a meeting
ot vitamin A consultants who have been involved
personally in the evaluation of vitamin A
brograms. The objective of the meeting would be
to derive a list of indicators for program
implementation, monitoring and evaluation.)

the review of results of current social marketing
trials to decide whether this is a cost-effective
addition to current programatic activities.

the evaluatinn of different modes of distribution
to determine which mode reaches the high risk
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10.

11.

groups most effectively.

the development of operaticnal guidelines for
field staff for identifying those children to
treat with vitamin A if research efforts
demconctrate that vitamin A supplementation of
children with diarrhea or LRI is effective.
the development of modes of monitoring capsule
distribution from multiple sources that would
safcqguard against overdosage.

incorporation ot indigenous and culturally
acceptable carotene rich food sources into child
feeding programs and nutrition education.
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