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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 it­
international health. The Institute is currently

conducting research 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 experts in biomedical,

environmental, s~cial science, and health management

fields. Whe- 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 cn 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 linked

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 covarLates I
 . In the same study

population, vitamin A deficient children had an increased
 
relative risk of diarrheal (RR=2.7) and of respiratory diease
 

2
(RR=l.8) compared to non-deficient children . 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 dermiiatology literature have also recently

focused attention on the importance of vitamin A (and its
 
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 the existirng 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 relationsh'ip 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 -,elationship 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.
 

Che scientific community has had little time to evaluate the
 
many existing vitamin A supplementation programs. Despite this,

policy recommendations continue to appear for expanded

applications of vitamin A, beyond its well established use to
 
prevent nutritional blindness. Recommendations nave been
 
generated by various sources4 5 
, 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 associations between vitamin A deficiency and

childhood morbidity. The role of vitamin A in 
childhood
 
infection has not been explicitly presented in terms of

adjunctive therapy, i.e. that administration of vitamin A will
 
prevent the of A statusdeterioration vitamin during infection. 
Moreover, the expectation has arisen that vitamin A dosing during

a specific episode will have a therapeutic effect on childhood 
[fections. While prevention of nutriional blindness by vitamin

A proqrams has been better established, the impact of vitamin A 
on childhood morbidity and mortality remains openan question.

Pr onmendat ions tar-geted at the prevention of blindness then
 
wo lI appear to bc indicated, but those targeted at the larger
 
qu. ion mmn'rbidityo and mortal ity would appear to be premature. 

iat
Womme i on ,-nd expectations for vitimin A are 
rli, :t i ofq riowi t11 i I cons idlit ions implementing vitamin A 

pJogr,tms ,-it r ,ye ittile attention. There is i great need to'on;idir i l(,,p4r iond and co;t aspects oi vitamin A 
*into rvent n: IH,: indlrin the -ole o1 vitamin A to morbidity and 

ii nt}i 1i1 may1711 compete f or funding of other programs
tao -pt I I torhe same goal. Therefore the cost effectiveness of 

Vittin in A int-r(,vention relative to other interventions will
 
need tn Ie'dorL"irimed. 
 Vlith regard to the recommendations under
 
.0 nn 11 at iin Ifor the troatment of childhood diarrhea and 
 acute 

pH iimy infection ; (ARJ) with vitamin A, the following

qiest ion! aIi froe a programmat ic standpoi nt: What speci fic

episod(,s of diar-lir a or ARI should treated and at what
be dosing

1 oh d II ' Whd t iqht b: the expected effects? Given the
I requen-V of these ep soles in certain settings, what is the 
likelihood oft to'icity if a] 1 episodes were to be treated with 
vitin A',' !low gener i i:ablo are the results of the studies in

indonesi to pairts where
La other of, the world vitamin A deficiency
 
appear to he less prevalent? How would distribution of vitamin

A capsules orO iortitcation of foods with vitamin A compare with
intervention; aimed at diseasespeci fically infectious control?

Which oi the possible interventions will be more cost effective 
( iven a spec tic region? instead of creating another vertical program tic vitamin A deficiency, how could the interventions be
n(;rporated into cxisting programs? Because of these unanswered
 

guest;> s, current recommendations for use of vitamin A in
infet-ion are vague, and for these reasons wiil be difficult to
 
inteflpi t anid imF)lcment in the fic]d.
 

In iddition to the ambiguity surrounding these programmatic
cispects of vitami.-i A interventions, there are difficulties 
associated with the definition and assessment of vitamin A
 
deficiency that have complicated the planning, 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
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in most developrig ccuntries. 
 This 	may be a deterrent in program
initiation. 
This review will address the difficulties
encountered in pas .eterminations of the prevalence of vitamin Adeficiency as well as current developments in the assessment of
vitafin A status. 

II. 	 BACVCU.LoJND AND IIERATUREI RI.EVIEW

What is known iLuuL th, 
 rielti onship between vitamin Adeficiency and the ri,ak of infect ion and mortality? 

A. Vitamin Adn] Jnect io n

Studies 
 dating hack *co the 1)?20's have consistently demon­strated that vi tamin A d! tiecuentlyiq fcirenev associated withthe presence of in 	fec tion. Animal :tudies have documented, 1)the difticulty of i:;o ting vit,,mir A deficiency from othernutritiondil del i C i,,k, 	 2) that in vitamin A deficient animals,heratinizaIticn ccwu- in --everial epithelia] sites, includingthe rosp rat - , n, i t ointo I-in li tracts, and 3) that:

int> ttcn 1 ,im (.nt i v cc< lpini tllc keratinization, making it

(if1icuit 
 to ,f'i ,-.iie, t h- -, ki-ratinization was due to the
inec ((t 
 , w ,' hiVt I ini< Ction )CC ul-rod secondary to tht,brea 	 , , p t., fi, i y. The interested reader i.refE-r-oj . th itt i e thol,:e developments in the eairly
Si tmrat i". ,,t it i A in.] Inio tion" by Howard, West and 

a. a,,ve demonstrated the preferentialof l o	 ,t ;i ,it A , lonry on mucous secreting cells, i.e.gohbltt (oi'] i , !, drying, keratinization and atrophy of
the san io oI,it-fiV
(-,r I i In rabbits made progressively
vitamin A ! ii,: i nt ''Ai)), : ria] examinat ions of the ocularsjjfae (.'o t, ,o vwaled that the density of goblet cells
decrocsed with a viii rg vitamin A deficiency and that these
changes peceded the, dove]opmcent of clinical signs 
ofxerophthalmi-i by several weeks'. Therefore, it appears that abreakdown of on,. biriiei to infectior,, i.e. epithelial integrity,may predispose sovera sites in the body to an increased risk ofinfection that could be directly attributable to vitamin Adeficiency, in the process of keratinization, secretoryantibodies (slgA) and other- protective factors from the
 
ep i the] i aI su r Iace are probably a Iso lost.
 

B. I nteera.ctions of .Vi tamin A and the Immune System
In addition to its effects on epithelial barriers toinfection, vitamin A deficiency may also impair the body's immunedefenses. As early as the 1930's, Bloch attributed the morefrequent and severe infections in xerophthalmic children to a
"decline in immunity" 9 . However, his observations were limitedto states of 
severe vitamin A deficiency that were confounded byother nutritional deficiencies that could likewise depress theimmune 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 intake 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
 
Naussl0 . However, in this experiment, even though the controls
 
were fed whatever their VAD partner ate, the weight gain of VAD
 
rats still progressively tell off when compared to the pair-fed
 
controls. This weight plateau is attributed to vitamin A
 
deficiency. Additionally, investigators have hid difficulty
 
keeping vitamin A deficient animals alive. For example, fatality
 
rates among vitamin A deficient rabbits was reported as 52%
 
compared to 12 in one study II 

Another way to produce isolated vitamin A deficiency is to 
cycle experimeont a] animals on anrid off diets containing retinoic 
acid. In ooe such e>Xper-imerit, growing VAD rats demonstrated 
docre.as(d Iood] intake, decrease in intestinal golet cells and a 
weight p1lateau within 1-3 days of removal of retinoic acid from 
th di1et-

2 Because ot those ecrly changes due to vitamin A 
o is ny , "s-hes_ an i m.WIes w suelsubsequ ently force fed to try and 

sY sot o t-ho not ntilaI con lnoini rig effect of other nutrient 
le I ci n' ie1 .0 

otIr.e iii ti vi fo:t of vitamin A deficiency or the effect 

() vitaimin A imiiii tr,ation on tho immune system is also 
oht usca ,Cd by the Comp x:ity of i system whose components (i.e. 
(soe]ular-, humoral,3 , c!npdeme t are so interactive. For 
e:.:amp le, certai n or rj ro its of cll-mediated immunity reg 'late 
the activity or humor a immunity, thereby affecting the 
production o antilo iies in responso to antigens or what the body 
r-cogne e as lotor-in. Given the extensive interactions of the 
imoune sy.;tnIm, it be oer difi icult to tease out exactly what the 
ef ect ot vitamin A Jeficieacy, or the retinoids, have on the 

nrmur te :y.toi] 

Aside ,:;,theose oexperimental cons i derations, vitamin A 
deficiency rart,ly oc(:urs as an isolated nutritional deficiency in 
doveloping couitt-ies. Study of the immune status of children in 
these settings can be confounded by protein energy malnutrition, 
parasitic infestation, increased incidence of infectious 
diseases, lir the synergy 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 spectrum of antigens that, depending on the intensity 
or duration of the exposure, could independently depress or 
st imul ate 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 orcyan atrophy in rats as
 
reported by Wolbach and Howe in 1925 5 whereas a more recent,
 
well-controlled study demonstrated no effect on spleen or thymus
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weight among mildly VAD :-ats 1 0 . Decreased numbers of lymphecytes
were observed in VAD rats; 0 
but not in VAD chickens ] 6. Adjuvant
effects of vitamin A administered with tetanus toxoid have been
described in several aniral models I" but 19
 not in childrenl8 ,
For a detailed review of this subject, the reader is 
referred to
 a chapter titled " nfluenc.,oe o! Vitam;n A Status on the ImmuneSystem" by K. Naussl3* Wh highl i ghts of the experimental animalstudies as they pertain to this review include. 1) VAD ratssurvive longer 
in a ermfroe environment 20 which supports the

link between vitamin A deficiency and increased risk of- infection

and mortality, 2) the severity of expen:imental infection isgreater in VAD animals compared to cont-ois 2 1, 3) the beneficial
effect of vitamin A supplementation among both vitamin A
deficient and replete animals on 
the immune system or on the
outcome ci experimental inteccion was frequently observed only at very high doses of vitam n A supplementation 4

, and ,) there isevidence for the tstimulat ory effect of vitamin A and its
analogues on c ! 1 mod iated immuniry, part imula-ly related to
cell-mediated cytto>''iihy and natural killer cels . Tho
 
implications o 
 theeoanimal :;tudios 
are hat more research is
neoded to det 'i ine wh t im-iact vitamin A supplementation mighthave on 
the immune st atu at VA I children. IHowever, since such

research will bc confounded by 
 alI of the factors mentionedabove, studies of the imrnune system may not te the most direct way ot assessing a potentiaml impact of vitamTin A supplementation 
on c.h idhood r1-id ity ai d mortal ity. 

"' R-spiratary In.etio,.and Vitamin-A Deficiency
E,-ly animal studies describd keratinization of the larynx
and tra'hea in several species that were made vitam in A deficient

15 Certain viral inl .tions produce kerazinizatioi ot nasal
 
mucous opithr.diu; in 
vitamin A deficient chicks but 
not in normal

chicks 2 2. k.'ent animal 
studies ot tracheal tissue have
demonstrated prelerentiaI depletion in 
mucous secreting cells due
to decreased mitotic 8
rate . Additionally, 
it has been shown that
the ciliary ce! Ls that I ine the re piratory tract and "sweep"debris up and oat of 
this tract, are derived from mucous cell
2
precursors • impairment of this ucociIiary escalator by

vitamin A deficiency could he 
one way to specifically link

respiratory infection and vitamin A deficiency in the causal
chain. Again, the 
extent or degree of vitamin A deficiency

necessary to precipitate this respiratory dysfunction remains in

question and has yet to be documented in humans. 

Many associations between vitamin A deficiency and

respiratory disease have been reported. 
 The results are
difficult to compare, however, 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 X]B) in a longitudinal

observational study in Indonesia2
 . Respiratory disease in this
study was defined as the presence of cough, rhcnchi, 
or rales
that led to the diagnosis by an exa-mining 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)2 4 .
 
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


5
cough2 . In a mr-e 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 2 '. 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) ove-r the preceding year compared to age and sex matched 
controls (13/165)2/. Respiratory disease was defined as fever 
and cough that made the chill unable to walk and play for a 
minimum of five days. Even though tnis definition of respiratory 
disease is fairly dramatic, ,nking it more likely to be 
remembered, the long CluratIol o1 recall. (one year) would make 
this dat a less reliable. 

There is less current information on the use of vitamin A in 
the treatment of respiratory disease. In the 1930's, several 
clinical trials of vitamin A use in pneumonia, pertussis, scarlet 
fever, measles, and the commor, cold were attempted, although most 
of these were poorly controlled and no assessment of vitamin A 
status of the uarticipants was made. These older studies are 
described by S.W. Clausen in a review titled "The Pharmacology 
and Therapeutics of ,itamin A11 2 8 . In the conclusion of his 
discussion on vitamin A and infection, Clausen summrized the 
'state of the art' ini the 19301's a:; follows: 

The evidence re,,iewed 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 bent-ficial effect on the outcome unless severe
 
deficiency is present. There is evidence that moderate
 
deficiency of vitamn A may also increase the duration and
 
severity of respiratory infections in man; that an adequate
 
intake may lessen the severity and duration of infection in 
persons moderately de;.i.cient. It is also evident that Ttiany other
 
factors are of equal or greater influence on infection, and no
 
justification exists; For calling vitamin A "the anti-infective 
vitami n" 

Given that inte:-esting historical perspective, there are two
 
recent clinical trials of vitamin A in respiratory disease to
 
consider, one done among vitamin A replete Australian children 29
 
and the other among preterm US infants with respiratory distress
 
syndrome 3 0 . In the former, 1.47 1-4 year olds with a three month
 
history of greater than 15 days of cough or three different
 
episodes of respiratory disease (not defined) were randomized
 
into a vitamin A (dose = US RIA ll60ug 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 i± months, the supplemented group
had 19% 
(p<0.05) fewer episodes of acute respiratory infection

(ARI) symptomatology (diary recorded by parents) compared toplacebo group. Extrapolation of these results to otherpopulations is limited given the replete vitamin A status of theparticipants, no mean serumchange in vitamin A level. between thetwo groups and the study's methodological problems (e.g. novalidation of parents' ARI asse:3sment). The cinicailater trialinvolved 40 very low birth weight (LBW) infants with prematurelungs (presumably a noninfectious condition) and the need formechanical ventilation. 
Over the 28 days of supplementation, the
vitamin A supplemented group demonstrated higher mean retinollevels, less bronchop monary dysplasia (HBII), lung scarring) andshorter reoqui red vent Iat ion t i me than the placebo group. This 

stud,, is the ] number of- studylimited by . subjects, a veryselective st-udy popl1 tion, ,.ho;t i iterva] of follow-up, thediff iulty discerning vitimin A to>xicity in preterms 3 1 and tihe -
unert mi , , iability of di,,-nosing ITi . 

A: no it ,-orI th(e obov, tr i I ",pecil ia 11 y addresses issuesof ch ildhoo 1)i d i tv ,.IJ mnrtt I]i ty in the devel oping world (theformer study .i9: .wit-lh vitmin A replete children in a developedcountry sett iiq i thi, lattr deals with respiratory diseasesecondary to prenturit and mechanical, ventilation), trials toassess the the it-aprut iuc and prophylactic impac-t of vitamin A onlower respi ratory in!; ction iR]) indi-ated in inpatientare both
and in communit:y sottings ir,vitami n A deficient areas. Theimp]ications oi clinicii ofthe trial vitamin A in LI infantsfor LRI] management inl cc It-ol pi oqarms in developing countrics
is unclear bho;ause I.PI aimongj I 1W infarit-o in these settings is
compounded by inI0Ct iou etIoogies aswel1 as prematuritv 3 2Although what i, currentliy k*,nown about assoc iations between
vitamin A delicitn:y and 
 ARI and about the effect of vitamin A onrespiratory disease should onc'ouraqe other cli-nical trials,enough is present ly :own to recommend vitamin A specifically 

not
for 

therapy of !,I 

D. D5i_a rrhal d!. sse antd .v<i tam i r._A. df.9iiency!g~
 
Various resCa rcter I
hIve looked at the relationship betweenvitamin A deficiency and diarrhea. Sormer and co-workers havedone extensive work in Indones ia that ho; focused interest on thepossible degree and direction of this reLationship. In aprospective study 4600of rural Indonesian chilaren, increasedanrisk of diarrhea] disease (RP-2.7) was noted among those childrenwith preexisting vitamir A Ceficiency 2 . From the same data set
reported thereit was that was an increased risk of xerophthalmia

following diarrhea 3 3 . The interpretation of this work hasgenerated much debate. The association between diarrheal diseaseand vitamin A deficiency does not 
imply the causality of either
condition. A common underlying factor, for instanc poverty, -aypredispose children to both more 
diarrheal disease and less
 
vitamin A intake independently.
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Nuierous ot er'studies, some much less r4orous thdian te
 
Yev have, found associations be iween vi tamnnAdfcec n


diarrhea.:-A . y fromBang adesh suggested tha mh1 tit ion 
(.loww htforlegth i a:deterining factorrduth ration,
 

odirrhea4 Ths inetgators noted tha:t children wth ro w4 
~wei hter!r duratio s~of., epio ~bu -te ls 
otjed ~tha~tth n~cidenlce aof 'di'arrhea^ as.indopendent of 
ntritional"T status as~determined by nthr'opometric, srtatus. kan,

~etTl~ntet~a-~% f he ~ses o& xerophthAi in their: study' 
in~ Matlab~gave a WListory (past 3jo: daysj) of.diarrh''o yet~Y 

hoee te'was no' cdntrol grop. Aog2 agaeh 
c4hilidre "'a another: study 'wo-eaed11 er n 
hiq~jspitalized. for'-diarrheal disease, thse .!-ithigiiht blindness~ 
~;weremore1ikely to. have dysenter .';(speciaily hie1ani 

;.,htolytica), (RR=l,.~6)3 Another study condct. iBangladesh
 
S'demonstrated ithat "Protracted1" diar'rhea, defnda th lor more 
stools~per day,,,for greater~ than "l4 days~, was2 alsoj found'.to ,,be 
associated' with mild~ vitamini A~deficiency~ defin'd,-s, XlA~and/or~
X1B 7 Two.. reot frmeplsug'gest an association between 
vitamin A deficiency and diarrhea.~ The~three ce of ,corneal 
disease: (1=X3, 2=XS),from Upadhya , ' s work38 'were 'all reported to­

be recde~bydirrha.Thisianecdotalinfrmtioi. Among
 
S50,,matched pairs from the Nepal~BlindnessSurvey3 ,:thauor
 
jreport that diarrhea preceded~xer'ophthalmia in'ahigh proportion

of cages 7'It is not cl' o hi mehd w hy
 

'~established 
 that sequenice, however. From Ethiopia there ~is
 
~confirmnation f amin A~
t' an associati'on betweenl diarrhea ,andvit 

deficiency but their use of~a one yarec 1,,time frame is~
 
rather unconventional27 . yaieaJ
 

Some'research efforts havel~discovered no association~between
 
Svitamiii A deficiency~-and diarrhea. In an'attempt~to~ replicate 
~the Indonesian fidns Mlo,!et4. 'cul~not show anj 
association between'mild xerophthalm~a and incidence~of diarrhea 
(n=1544 2 . Inthe Philippinies , diarrhea ~was not positiveiY~ 

Scorrelated with xerophthalmia :(n=1715)2 5 .. From .the prevalence 
Ssurvey in,so'uthenvalaji~among,c'hildren .2-5 years old, ~J~story 
Sof _diarit ea was,, not -foundt e associated with1 xerophthalinia~ 

(n=5426. 2 \ ,dt 

Te reader is 'referred. to Feachem's i~cent ,publicainY 
~which deals ~with most of the 'issues under.,debate concerxiing the~ 
relationship between vitami A~fi~e and ~irha r 
SFeachem addrsss these issue's in a citical manner. ' He suggests~ 
mxodels' for the~ relatinship between, vitamnin ,A,,def.iciency-,and
diarrhea, introducing an t-5mc-nt of> confounding by..,1"unspec if ied 
poverty related fact~rs' that; might praviLut 
~exlanaionfor~ some of'the,confusion. 'While_'he does~not 'give 
the,,answers to resolve' the deb ate, Feachem"suggests ,the following
research needs: 1) placebo-controlled, ,,randomizIe,d'trIalso~f thei 
impact-of vitaminAsupplementatlon on. speIcific,'morbidity and 
moirtalityOrates,: 2) studies< t'o'stfabJlish the asso ,iation-,between 

vitain Astatus and~diarrhea of vary'ing seveIity an,d-etioiogy,
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http:found'.to


and ')-studies to establish :theui y; of i '~A to 
hitdren'uder treatent ,fora~ -Cu~rent e'pi s de -Io d-,iarrhea as-imJgt impact. o usequien, diarrhea and xeophth riiia.­

Oe.o h sues surrounmding treatment df'arhea with
vi isa'min ~sptio n ofg vtaLfin' A' duri ng .'n ,,a'ue,'o;chna cd -a rh~ a1e pis o d aiou s tlt h eos Criatd :E1a'Et1e_
absorption of 'vitamuln "A depends on dose and 4t'ye of, preparation

41 he use of combined 'itam A 1reh1rationsutowa
 

recently asseinId',"Iand'i 
 a'on'ht7%o

administered dose ,of 100 000,U of viamin'A (water-rmiscible) in500 ml wa.s absorbed I Children 3with acute dimarrhea42 . f~~
 
treatment of ,dare' it vitmjn A~is to be irecomlmended,

further studies of the',absorption of vitamin A, particuarly the
oilbsd'tamin;A ca sules,tha ae ,more'radi y avaibe f"
 

Measles and Vitamin A Deficiency:
'E. 

Arcent joint WHO/UNICEF recommnd tio 
< 

4, adoae h
 
following: 4~.,~~~
 

,High-dose vitamin ,A supplementation should be;~4~ 

+-provided tao 'ail children,.diagnosed w'ith measles i 

" 

communities'in which'vitamin A defici'ency is a t
recognized:problem.- In!"countries where' the fatality~f~~'rate of measles 3'. 

is 1Vor higher,. liti..'ssensible on' the~%,'
basis-of' cnrrent evidence to p'oVide4 vitaminA

~supplements to all children dlagnose'd with ,measles.~ 

~'T.iplev ntnntion3 ,of this recommenidation apars to'.be 
not
only prvninof .vitamiin'A deficiency'related measles34ilindness

6u.t-,' s' tprevent measles -mortality*.. The evidence-,,citedl to
 suprt this recommendation was severa.l 
older- stu-dies des~cribing
the, well ,known association lbetweenh vita'iri'n A 'dficieny ad...m~easles;, the" morbidity'and'mortality studi'es done $y sn7~in

*Iidonesia4'as well, as a 'recent, clinical..trial, of vitamin'A done
dingameasles season 'in Tanzania43 
 In this'cli'

malsamssos ho'pit wereo randomi ied loirciv, .20a0",000
,Iuofvi~atin, i o1orally on'~the day'(of drnission _and'!.the" '"
6l~Jlowing day ,or~to receive just-the3 stnd'd.ramn o 
 '
 ieas'les -without placebo.' 4 Measles,mortalityj 'in-tihe sup '3ene
 group, was,.,6/88, ,(,, ,~rna dt. 2.2' (13%), aman 4 h .controls, 4adiffkerence~that did not reach statisti-cal significace. The1
recommndatlon'f or, the' tr"atmento'f: measles',alzd to E. e

!Sc4entificaly4unfounded expe'ctati"Ons,' that' iitai{;:A wi'll
decrease ~meals' m~ortal'ity.. 3Even the,.use_ '4ot"'anA-t prvent~
measles,hindnenss-is not ,so , ot~tihoorar as 
aIg-ents have;'beenQ implicated..,~ On ea thisJ topic, '.the~iltere~sted~fd'nr' 1rfredto a,,rev~iew, titled ,'Severe Meas hs s
kiines byKobfinsky,, that 'discusses the':,'etiologies of measles.b~indness andth oerofvitmin' Adeficiency'4 3 «1~
 

'Another, ,excellent and more recent4 rev'iew of measles by- the
EPIiob~74 Avis"ry Group has examined reationhip eween
 

_ .,"*44334 .4 4 3 "~3 
4 - '4 3 , ~ ~ 4 4 ~ , 4 ~ j 

A4 ~ 4- 44 4' 3'j 4 b 



vitamin A deficiency and measles. In this review, the point is
 
made that the outcome of measles is dependent on several factors,
 
for instance general nutritional status, and is not a 
function 
solely of vitamin A status. However, 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 for further research 1) what is the extent of 
measles mortality, morbidity and eye lesions relative to vitamin
 
A status precedinq infection, 2) how do measles virus and vitamin 
A deficiency interact to produce morbidity and mortality, 3) to 
what degree does measles precipitate vitamin A deficiency, and 4)
if vitamin A deficiency is causally related to the measles
 
mortality, what is the efifot 
 of vitamin A supplementation on
 
this outcome. Additionally, the review called 
 for studies to 
evaluate and confirm the joint WH./UNICEF recommendation that all
 
children with measles in count ties with a high 
case fatality rate
 
be given 200,000 I.. of vitamin A upon being diagnosed with

mea'sl]es.
 

Sv~,l ;u:;us regarding vitamin A and measles were neither 
adhr 'e;,;odby tbiis review nor elsewhere. To the above list should 
b' a-dded concerns about the operational issues that arise if and 
wh'en vitamin A sylq1tementation is added to EPI activities as was 
recc:nftly proposed at the IVACG meetings in Ethiopia. Also to be
 
determined 
is the dose or doses that are most effective in the
 
pimov''ntion of vitoamin A related measles blindness and (if 
shown
 
to be u'selu]) in the p-revont ion of mea;les mortality, 

In !uimmy , the usf, of vitamin A to reduce measles mortality
requir es, more resi ich in the areas listed above before it is 
consideld a mainotav of measles: treatment and competes with 
limited resources in child survival. However, from an ethical 
perspective, the recent recommendations make furthur research 
into this arca diff icult. From a policy standpoint, it would be 
preferaoile to stress a primary intervention, i.e. measles 
immuniz.ation, whereas treatnent of moosIes with vitamin A to 
prev.i: measle mortaliity fal.s..; into the realm of secondary 
pre vention. 'liis may he a mute poinmt because, even though there 
is controversy over the extent to which measles blindness can be 
att. ibuted to vitamin A deticiency, tihe treatment of severe 
measles with ,itamin A in an attempt to reduce measles blindness 
has already 1.,cii aWdvocated. Vitamin A may become a mainstay of 
ineas',:; treatment !or- this other rea:son. 

F.OtherI -. 1 hodMr)i IIe fcec 
I-. t-..... I:i!.ilhed.2rbidit ies and Vitamin A Deficiency 
Vitamin . dtitiency occurs as a tompl-cation of cystic

I ibrosis, short bowel syndromes and meal absorption in the USA, but 
the specific patinophyi ology of these diseases makes them less 
relevant to childhood morbiditiy and mortality in developing
countries. There may be mor: relevance to less prevalent 
diseases such as tropical enteropathy, sprue and other
 
malabsorption syndromes, which fall outside the realm of this
 
review.
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In 
a study where children with protein caloi-j 
 malnutrition
(PCM) complicated by xerophtnalmia were compared to children with
PCM alone, 78% of the xeiophthalmics h gd bacteriuria (bacteria in
the urine that normally is sterile) versus 17%
control, 4 5 in their matched
 .
 The authors speculated that altered urinary tract
e-!(n JIium may have provided a focus 
or nidus for infection.
Since the cnldren wit.h xerophchal ida 
also had lower plasma total
protein (5.2 gm,/dl) compared to their controls (6.0 gm/dl), 
the
authors als- speculate that the severity of PCM in the
xerophthainia group may have also influenced the 
rate of positive
urine culturcs 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 Kotnari. 
 Although there was
some relationship between the presence of clinical signs of
v-tamin A deficiency and the presence of keratinized cel.s in the
urine, urinalysis still 
was nct a sensiti e indicator of vitamin
A deficiency (see 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 ke:atosis has been noted in severe
vitamin 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 deficiency1 2 
and is not believed to be
related to infection per se.
 

G. Vitamin A and Childhood Mortality

In the introduction to this review, the studies done in
Indonesia by Sommer et al. 2
 ,3 3 ,3 were rentioned as one of the
chief reasons that 
so much interest has been generated in the
potential role of vitanin A in childhood survival.
3 Given that
the Aceh study
 has attracted so much attention and that it is at
present the only ieild trial of vitami.n A supplementation with
mortality as 
the outcome, it is wortb ;hile focusing attention on
some of the details of that study.
 

The Aceh study reported a 34% 
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
placebo. The diffei-ence 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 raite 
of
12.2/1000 in the control villages. 
 For females, the mortality
rate was 8.2/10uO0 in the programme villages versus 
8.9/1000 in
the control villages.
 

While encoura n, 
the Aceh study has been criticized by
several sources46,47,4 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 ,illage as opposed to
 
household or child level, aspects of the village as a whole may
 
have led to confoundin of the results. The following bdscline
 
inequalities between the control and programme villages were 
raised by one of the crit.ics 4 6 and may have in ependently 
iniluenced the di f~orence in mortality: 

Control - Programme 

-xerophtha] mia 2'l 
-recent hy of 
diarrhea 23 
-stunting
 
-wgt "or hgr
 

-<80 23% 

It has been pointed out that, although sex specific moiLality 
rates were simii Jar betweer. control and programme for the first 
two months, in such a s11oct period of' time too few deaths would 
be likely to occur to show a difference.4 7 . Besides baseline 
differences bt.i-cei control and programme villages, xerophthalmia 
decreased in the control vil ages 48% during the study period, 
which suggests that ether v riables were changing 16 Finally,. 
the absence of aisel ine mor-tal i ty daita pri or to the intervention 
as well as absence of craus7ecs of death during the intervention 
detract i rom attr'ibiting t he di I feronce in mortality solely t; 
vitam-in A during th' t ia . 

The aemographc(ncon ,tenci es chat have been noted occur 
within the age speci ic taity rates from the Aceh study as 
follows: 

RIFPORiTED ACE14]' C MORTALITY DURING FOLLOW-UP(PEC 


PATE per .000 
Programme Cntrol RR 

Baseline Age
 
i.,months 

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 icnth olds in both programme and
 
control villages. Both of these findings run counter -to the
 
usual demographic situation of greater numners and mortality in
 
the younger age groups. It 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 under­reporting 4 7 . Under-reporting or better conditions in neneral are
suggested by the following comparison of the Aceh study areas
mortality rates with that of Indonesia as a whole
 4 6
 :
 
CONVENTIONAL INFANT (<lyr) AND CHILDHOOD (l-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
local of a
events calendar and under-reporting of young infants may
have occurred for cultural 
reasons49.
 

A re-analysis of the Aceh data, particularly noting
participation, was recently reportedSU and the authors concluded
that the impact of vitamin A on mortality in certain groups may
be even greater than previously reported. 
 The mortality rates of
control village children aged 3-11 months 
(ie. 6.0/1000) 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 mortality
rates between program village children who did (above) and did
not 
(ie. 12.0/1000 and 5.4/1000, respecuively) 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 
reach are perhaps those who might benefit
most. 
This fits wel.l within the fliamework proposed by Mosley and

Chen 51 .
 

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 Between Vitamin A Deficiency

aj_Infection


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 hindic- protein (the carrier protein
depressed in I, for retinol) are
ldren with infection~b2, 3. 
Histories obtained
from the caregivers of xerophthalmic children often reveal 
a
 

13
 



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 ascertair 'f vitamin A deficienc 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
 

Fever *1( INFECTION 

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 reflected by sequential RDR studies pre and post
 

5 4
 infection . 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 impact 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 elucidated.
 

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 measles in 
a susceptible child exposed
to measles, but it may moderate the severity of the disease.
 

At this point, not enough is known 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 defizient (unless they are cachectic), 
and these
studies may provide clues about the effect of vitamin A 
in non­deficient populations. However, the inferences that becan madefrom such studies of adult populations in developed countries
with outcomes that pertain to cancer 
reduction, will be 
limited
relative to 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.
 

III. ;"--SSMENT Of' VITAMIN A STATUS
 

A. Clinical Siq ns and yptomsClinical signs have long been used to diagnose vitamin A
deficiency. 
 The WHO classification5 5 
lists these signs in order

of severity, as follows:
 

Nightblindness 
 XN
 
Conjunctival. xerosis XIA 
Bitot'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 
reversible, both spontaneously and with dietary or
pharmocologic 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
children (>5 years old) 
 older
 
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 chanqes before any ocular signs of vitamin A
deficiency appear 1 0. Additionally problematic is that large
sample sizes are needed in order to obtain enough cases of
clinical xerophthalmia to yield a reliable estimate of the
prevalence of vitamin A deficiency in 
a given population.
 

B. BiochemicalAssessments
 
The best standard for assessing vitamin A status 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 method ii,field settings. 
 In
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hospital settings however, liver biopsies have been used to
 
5 6 ,5 7
 evaluate other methods of vitamin A status assessment .
 

The relative dose response (RDR) technique provide,- an 
estimate af hepatic reser,es of vitamin A in experimental 
animals. This technique 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 low 5d. 
Severe protein malnutrition and alcoholic cirrhosis in adult 
inpatients appear to confound the results of RDR, thus RDR may 
not be reliable in these cases 5 9 . The test has been recently 
validated in a small inpatient study of children with liver 
disease and has shown good correlation with liver biopsy results 

5 6
 despite varying levels of protein . it does require two 
specimens of blood separated by 5 hours, when no vitamin A other 
than the test dose is ingested. A sioplified method of RDR 
requiring only one blood samp e ia heing developed (personal 
communication from JA Olson) 

Serum retinol (vels have been used by numerous researchers 
for decades to estimate the vitamin A status cf subjects. 
Assessing the vitamin A status of a population in the past has 
been fraught with the cul tlral, technical and analytic problems 
associated with obtaining and Meiasuring serum levels of vitamin 
A. Except at the extremes ef deficiency (<1]0 ug/dl) and excess, 
serum retinol levels cannot be re] iably used to assess vitamin A 
scatus in in ividuIls . lowever, trequency distribution curves 
of serum retii, level; m,y be used to assess the status of 
vitamin A in a pop ula i an a; was done by Arroyave in evaluating 
the fort i fication - fugar in Cua tema la in 197 s-7761 At least 

2one published study t has shown that serum retinol levels are 
correlated with the 1I)I a t the level of the i ndividual. 

C. Cytologi c Met:hds of A,sessmentI. Con un tlva] imptression cytoloqy-7CL: Technique 

Conjunctivl1 i-pression cytology (CIC) has been proposed as a 
method ef detecting narly xerophthalmia 6 3 and even subclinical 

4 .
vitamin A deficiency6 In rabbits that were pro, ressively 
depleted of vi tamin A, this technique demonstrated a gradual 
reduction o conjunctival goblet cells with increasing vitamin A 
deficiency 7 Ihese cytologic chanQes occurred before clinical 
signs of deficiency appeared, thus the technique showed promise 
as a means of detecting subclinical vitamin A deficiency. 

Prior field trials o. CIC involved application of CIC to
 
highly selected populations in India and Indonesia, i.e. those 
who had clinical signs of x2ropbthalmia were compared to those
 
without clinical si.gns 6 3 ,6 5 . In India, 32 children with mild
 
::erophthalmia (night blindness, conjuncciva] xerosis or Bitot's 
spots) had baseline CIC taken followed by vita-in A treatment and 
18 cf the 32 had follow up CIC three and eight weeks later 6 3 . In 
the follow up group of lii children with xerophthalmia, of these, 
12 had abnormal CIC at baseline and normal CIC posttreatment. In 
a larger study in Indonesia, the ClC of 75 children with night 
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blindness or conjunctival xerosis with Bitot's spots were

compared with 74 6 5
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". 
 In a prior

abstract of this work, the sensitivity and specificity of CIC
 
compared to clinical findings was cited as 
88% and 93%

respectively. CIC compared to serum vitamin A levels yielded a

sensitivity of 60% and a specificity of 80%.66.
 

The 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 those 3 or less years. However, neither lid speculum nor

physical restraint in the form of a papoose board was 
necessary.

Laboratory processing of specimens is uncomplicated, but
 
microscopic interpretation may be problematic and requires

clearly defined criteria of normal apd apnormal cytology as 
well
 
as caretul standardization of readers.
 

CIC results were compared with fasting serum retinol levels

and RDR of study children to 
assess how CIC may detect marginal

or subclinical vitamin A deficiency in 
various field settings.

Fasting serum vitamin A levels were dra,,n 
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% 
RDR cut-off to define vitamin A

deficiencry; the sensitivity of CIC was 
23%, with a specificity of
 
80% and a positive predictive value 9%' (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=22, 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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" ' " ! n = c' "i' 

p nd i CIC"can be
 

rsarh is rquired~lto ,deternmine 'how co-niiorbidities affect*its 
valid'ity "as a screening~test forvitamrin AAef icieiicy, how better, 
specfim~ens can be Imore reliably'ob ,tainied, and :whether or not t'he 
use of~ anesthetLcdrops alters~ the epithelial cell cytology. 

Recently CIC~has been applied to 4a population o~f refugee 

~cildren by,mi~istry of health personneL1 "and -in India ;by ,Dr.~
 
Vi~dhiRed. eslt of these efforts hv' yet'to be '< 7
 

~published, but comm~ents made at the recent IVACG 'meeting in
 
Ethiopia (1987) indicate mixed reviews ' Somepr oblems were
 
encountered in the field application "inTazania. The polmof
 
do-morbidities confounding results~ was noted in the Sudanese.,
 
evaluation. In Indiia,aresponse to ,terapy among,
.was.noted 

subjects who initially had abnormal CIC, but who, after treatmnenti 
with vitamin A,' had normal .CIC. In this very preliminary but > 
promising rep r& , numierous'unclear or ""unreadablel specimens:were 
excluded-.e
 

2., Cotiunctivaliimpression cytology- Amedee-Manesme techni.quen
 
A variation on the above-mentioned dCI technique has b'eenp§i 

studied by Amedee-Manes i7,n Paris64.~ Hstcnqedprsfo7 
the previously described.dId technique 'inthat' the filter paper, 
after 4t has been applied to the conjunctiva, is~then rressed> 
onto -a glass' slide. ,,The goblet cells are transferred in this 
way, so that the glass slide can then be,,dipped int ca single 
'~staining solution, drieqj and read directly. This technique would~~ 
seem to save time and expense.~ However, ,other researchers " 

'Jreported atithe recent IVACG meetings that the transfer of goblet' 
cells was incomplete, andthere was little'to no reliable 
transfer of mucin spots. It has been suggested ~that this shorter~ 

be used as a quick screen followed by the technique 
'developed at 'ICEPO for all children initially 'read as abnormial. 
How this may The ICEPO 

'~technique 


H&practical be remnains to de determined. 
.tecniquetobe more reliable in picking up normal.' 4appears 

'cytology (personal communication with4 Barbara Underwood). Both
 
techniques may problems in reliably picking up abnormals.
 

Given the effect of Vitamin A deficiency on epithelial 
integrity (animals)", sites oIther'than'the conjunctiva''have been ," 

considered'for sampling.: The increase in positive urine cultures 
Qin'children with' xerophthali'ia ~and~'the hypothesis~ that' 
keratinizatipn and sloughing of ureteral epithelial cells may


5
4'provide a nidus for infection4, have been previou'sly mentioned.
 
At the 1987 'IVAG.,meeting 'inEthiopia,'rslso ml'td
 
'of urinary and buccal (inside su'zfaceoret ofek epstliai
 
56 xerophthalmic children compared to 58 non-xerophthalmic
 
children were presented by Dr. Gopa Kothari (from Bombay)'.. When
 
stained in the same fashion as dCItheire was a correlation
 
between abnormal cytology and clinical signs of xerophthalmia.
 

' 'L..18 '' 
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There was, however, low sensitivity and specificity of these
buccal and 
urinary sediment 
smears.
particularly the buccal smear, were 
Both methods, but
 

noted to be very feasible.
 

D. Dietary Assessment
Measuring dietary inta]:e of vitamin A is 
fraught with the
usual measurement difficulties that limit other types of dietary
assessments. 
Block, et al., 
a2veloped a self-administered diet
history which had excellent correlation with a one-day diet
record but which is 
limited by 
 rocuirement for 
a population
based data set to construct the questionnaire 6 7 . Additionally, it
is unclear the degree to which 
a single assessment accurately
reflects an individual's vitamin A status over time.
estimated that 5 to 26 It has been
independent measurements of dietary data
(24 hour recalls) may he necessary to reduce the error
by intraindividual variation 6 4 introduced
 
. Interindividual variation
presents another limitation of dietary history. 
 Because
individuals within certain cultures may share dietary habits,
there often 
is littl,- difference between individuals in terms of
dietary intake 9
 , particularly 
in monocrop cultures. This lack
of dietary heterogeeio-ty

statistical inability to 
within in a culture "results in adlfferentiate individualsfactors"69. by nutritionalTherefor(, ,ietary intake tendsindicator to be a poorof an individul .';cuIrrent vitamin A status.
 

The methods 
 of mesurement
problems of intake measurement faceof reliabil ity and vailidity that require furtherresearch, development and correlation withassessment of vitamin A status. 

other methods of
Some comparisons between dietary
questionnaire results and plasma carotenoidcorrelated7 0 while other 

levels were poorlycomparisons between intakeand plasma vitamin A levels of vitamin A 
Quantitative 

had good correlation (p<0.001)71.dietary histories combineddemonstrated with food frequenciesin Inlones ia that
those with 

children with corneal disease and
li ter's -)ots consumed vitamin 
A and provitamin Afoods less frequently than normal children 7 2availability Seasonalof tods can be important in many areas of themaking the timing of :;uch world 
an assessment crucial.
 

Dietary intake 
 would appearidentifying populations 
to be a better indicator for
 

instance, have 
at risk for vitamin A deficiency who, for
intakes below Food and Agriculturethe United Nations (FAO) Organization ofstandards. Efforts are underway to
standardize a dietary history that might be used for assessment
of populations at rirk Ior vitamin A deficiency.methodolgy A standarizedfor obtaining combinecisemi-quantitative food frecluency, recall andintales o.- vitamin A foods was presentedIVACG meetings in Ethiopia at theand is currentlyAlthough less helpful being field tested.in assessing individual vitamir A status,the information gained from i 


assessment may be key 
valid and reliable dietary


to effective nutrition education and
horticultural planning.
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<s.KE. -,Summarv. and :Controversies 7 7 ~ 
~:~In the past', in A efciecj1 ten beenq
 
4 i hotomized,,as. the. -p -ei'o absenc'. f linlica signs. From,
 

a biochemical'o'stafldpoifl't, the ,,spectrum: o ,vitamirn.A deficiency~,
 
as easured by livern vitamwin' A concentra,tions, .inc16desthe 
categories of ad~quate v(>=20 u/,marginal (10, to-120 gg>
 

~poor (5ito.lo ug/g)/,and critical or deficientA(< 5 U4/g)
 

S~eriI~eS 1e0r/dl--correpnt1~e 
concentrations < 20,,ug/g 67 Commonly,*one hears reference to 

v 1subclinical"e vitamin",A~defici'ency, particularly. n'the <­

ophthalrnolo I c literature64 6 5, an-wietitr mlies the 
Jabsence o'f 'clinical signs of xerophthalmia', it fs.unclear~how the 
distinction between subclinical and normal ,(both being the 

The different: .absence of clinical signs) ,caA be made.' 

teridnologies are displayed below in relative order of-severity,
 
although at this point it is not clear how 'thel various-categories
 
relate. For examnpl'e, does subclinical indicate~a biochem~ical
 
state that is marginal, poor or critical? 'n one~~inpatieht, >
 
study, two of 24 children with cholestasis and liver*vitamin A'
 

.
concentrations <20 ug/g had clinical' signs of xerophthalmia
73
 

Spectrum of Vitamin A Statusl
 
A Comparison of Terminology
 

Normal TreOphthalbologic :Biochemical
 
Vitamin A Status Stts Assessmenit Assessments
 

(44 
Replete Normal Exam Adequatej
 

Less VAD SubclinicalMagalr 
' Poor 

Deficient More VAD clinical' signs :. Deficient' 
.Vitamin A Status
 

The- area of marginal or subclinical vitamin A status-is
 
~currently the focus of research because of 'th'e physiologic and
 
~immunologic changes that 'occur preceding the appearance-of
 
clinical signs o'fvitamin A deficiencylu;, 1Ways-'of detecting
 
marginal vitamin A deficiency are being sought so that
 
dinterventions~can be made well before the child develops clinical
 

:>jsigns.. Presumably the subclinical state corresponds -to' depletiLng
 
.:orldepleted stores of vitamin A. However, there is disagreeme~ht
 
as to the exact nature of the relationship between ophthaliologic~
 
~4~.ard~biocemicalparameters, and between endoraphsogynd
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liver stores of vitamin A. 
Because of the poor correlation
between clinical signs and serum retinol levels, 
some feel that
all biochemical 
measures are poor indicators of vitamin A status
since vitamin A metabolism is homeostatically contrlled, 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 concentration of vitamin A in the
liver falls below a certain critical 
le.el17 4. One recent study
of vitamin A metabol,.sm 
in rats supports these findings and also
demonstrated that belcw this critical 
level, the utilization of
retinol is decreased at the tissue level 7 5
 . In short, it apoears
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 ait 
least in rats.
 

Aside frm the technical aspects of 
assessment techniques
that are currently under debate and research, there otherquestions that reiate are
to assessment that require attention.instance, Forwhat are the programmatic implications of the dif erentstages of vitamin A status? t'hat are the relative risks ofmorbidity or mortality for a child with eye signs versus
with a childreduced liver stores (estimated via RDR) versus a child withless than the recommended 

Should each one 
daily dietary intake of vitamin A?of these be targeted with the same intervention(given limited resources) and yet he -xpected to demonstrate the same impact? 

IV. THE GIbOAT, PROBLEM: ESTIMATING PRE'VALENCE 

A. Use of rc,'_ Ian 'e Critot-i aVitamin A deo Iici ency his been .dentifiedproblem in many areas . 
as a public health(ftthe world 7 0 The fu 1 extent to whichch.Idren in the developing world suffer from this deficiency isnot accurately known,, although attempts to estimate the global­problem have 

for 
been made. WHO has published prevalence criteriadetermining the public health significance of vitamin Adeficiency that clinica.]use slqns ind .serum retinol levels 5 3 

Prevalence Criteria 
for Determining
the Public Health Significance

of Xeroplithaimia and Vitamin A Deficiency

Among Pre-school Children 

Night blindness (XN) in >1% 
Bitot's spot (XIB) in >0.5%
 
Active corneal disease (X2/X3A/X3B) in >0.01%

Corneal scar 
(XS) 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.
DeMaeyer of the WHO, using secondary data from a variety of
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sources, has placed countries into three classes: a) Class 1, 
those with a public health problem in part or "the whole of the 
country, b) Class 2, those where information is insufficient but 
where there is a 'iigh probability of a s Igaificn1nt public health 
problem in part or the whole of the country, and c) Class 3, 
those countries from which sporaoic cases are reported but where 
the prevalence of vitamin A deficiency i.s :ot believed to be a 
significant problem. This was reported at the IVACG mc-ting in 
Ethic pia , 1.987 . While this clas-itication was not doi .0 
rei ect true prevalence, It could be misinterpreted. r 
instance, the absece of Guatemala for which there is some 
biochemical data indicating vitamin A deficiency and the listing 
of Thailand as C.--ss i when historically it has harbored 
significant popul itions cf def icient children may lead to an 
underestimation ul too extent of the problem in these countries.
 
Additionally, changingj conditions such as drought or war may 
irecipitate more epidemic proportions of vitamin A deficiency in 
po ulations with little vitamin A reserve, such as occurred in 

7 7 .enmark during the I irst orli War It must be recognized that 
suc a cilassification is limited by the difficulties associated 
with assessing vitamin A status, the cost of such assessments 
(sulrveys ), as well as, probable under recognition and under­
reporting. This listing in likely to be quite fluid as 
additional in- formation is available. 

B. PKrobl "m n liu 1 eAcert a nlent 

The 	 true prev.Ilence of vitamin A deficiency is very 
.difficult to ascerta in 7 6 Case definitions must be consistent ir 

order to compare rates both within and among countries and 
sampling methods u st cons ider some of the epidemiological 
problems associated with v itamin A deficiency, eg. clustering anc 
e;asonal ity. 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 sourcs of data suggesting uhe extent of the problen 
of vitamin A deficiency. This is perhaps uarticu-arly true for 
private voluntary orCaniz ations and others who may not have the 
expertise or the resources Ior the assessment of vitain A status 
or in condncit in' such surveys. 

Guidelines eir assessing vitanin A status have been outlined 
by IVACG 7 8 but given the various ways that rates of vitamin A 
deficiency arc measured, Ae. by clinical signs, biochemical 
indicators, dietary intake and now cytologically, these rates ma 
differ. Various means of assessment may describe different 
portions of the vitamin A deficiency spectrum which makes 
C:omparisons difficult. Certain methods of assessment may also 
imply particular routes for intervention. For example, capsule 
administration may be indicated for areas 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 sue,, an alarming clinical picture 
but. that, by dietary history, has inadequate intake. 
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In addition to problems of definition,present obstacles. 	 survey met:hods canSince vitamin A deficiency is 
a relatively
rare occurrence,ensure the i-_he samp]ed popjlat.ionaccurecy 	 must be quiteof the estimate of 	 large to
Using figures 	 the rate of deficiency.from an heroic effort to determinethe problem in 	 the extent ofthe country of Indonesia As anwere discovered among 4147 	 example 7 9 , 4 caseschlildr
were 	 n in one zoneexamined 	 where childrenfor active cor-neal xocrophthaimia.rate ot about 	 This gives a10 per 10,000. In spite of th!elogistic standpoint) 	 large (trom asaiple size, the 95'i confidencethe prevalence in the 	 limits forsampled zonecould 	 were 0-21, meaningbe 951 certain 	 that onethat 
range. It is also 

the true prevalence fell into thisknown th. t vitaminneighborhoocLs 	 A deficiency clusterswhicli mikes gett inq 	 in an accuratediflicut"° 	 estimate evenIle seasonal ity more 
the spontaneous 

of vitamin A deficiency8 l,82,83 andres'olution 
difficuilty in 	

of s ome clinical signs add tointbl ishin 	 thetg t rue pievalenceCross -s;ecticona l 	 of this condition.,rat cluter svey:; Must, takeaccount when 	 these factsat-t -	 intot inq to Asse;s the extent of' the problem.
C . , eioii t ti e''Al on e - u r' 'vy 
uierlo A'tirvys; have been conductedreqin:. th 	 in several countriest hia ve (IdeId 	 orto0 th body of knowl edgedul i (Jiency 	 o- vitaminTtih tfort by Somme-	 A 

extent of the pi ' on 	
et t] ."" to e;talish themf vitamin A defic* eucymassv( tiiide.ito .	 in Indonesia was ahr;; reseaIrcher; foundrate for corual 	 an annual incidence: ,"nqmhhi of and0.064,% 	 A a prevalencein ruial 	 ofIn0u0 t. Tih,, prova lenceIndonesia 	 datawere b,1 : for rural
 

the relevance t 
i of co-neal xerophithalmia.
O1 h,-: 1 Il 	 While

i; diminished overuse of 	 time anddisIQIIr lJgat-c-d 	 thedI ''I i:; talight with problems80 m us fl i 1 	 of validity.,r1mAt io, Isurvey clone OVe a iecd 	 ,,o. 
n still be obtained trom this
A The results- of
been the basis for the 	 this- survey have"I ten (it exIt ('tof the most. populated counrt ri in 

of the probl(ai in fourA[: i :iapolatIndonesian 	 t' ionfindings 	 of theto thec ne ighbolingdone Wut 	 aian countries maywith an attendant 	 beinc.ras
there 	 in the margin ofis a greater range 	 error, ie.Ior both over- urlerte.timatingextent 	 i! io the problem. 	 tietun ately, the recountri 	 Art-e reports from;to . ippo-t the onc l 	 these 

ouii1 draIwn fron the Indonesian
data. 

The iaI,)and (-) Cohn in the Phil ippinesstudy that initiallya I yus"-! 	 a survey 
was the site of a 

vitamin 	 to determineA dpficiency. 	 the prevalence ofSolon et al 25 assessed626 families 	 1715 childrenfrom thi-ee areasn 	 fromin eachThere were ab-ui: 	 of four ecological zones.at 1 -i year olds andeach of the 	 about 7--1612 	 I 0 year oldsaron. Ile 	 inprevalence(except XIA) wa; 4.51, 	
of al I signs_liiical

of low or ceficient serum
was 57%, and 	 retinol levelsof both was 2.91. The validityusing more of these rates when 
basis 

than one child per family could be questioned on theof the clustering 	 Aof vitamin deficiency8however, 	 5 Therelittle published daita 	 are, 
surveys 	 frcm other equally rigorousin the Philippines with which to compare these findings. 
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areortd pevlen'ae~of 

0.24% ,rnd of~dion-corneal xe'rophth'almia ofA 8.0%~amion chiJ en 1­

yearsold7 6 ,8 6 .} The rates.are ,partiula'y~ hih in the south of 

Inda~hs corneal disea'e of
 

othnrd of cases of~keratomalaciaIndia whr optl r 
~ each ear.- While lthere ;is variationi between~ seates and ,over 


time, any-~areas' of IIndia .,report'rates which' exceed WHO citri
 

Reported -rates -in -Bangaesh aresmla.,otoei
 
~ Indonesia7?6. From _t'he Matlabresea'r'chre apevln rate of
 
0.~47% is reorefort a2ll forms1 of-xerophthalmia' among chiildren 

35
 yearsand es . r 
-~aged~~six 


Additional information has recentybcmavibefrm"4, 
Nepal38. ,na point prevalence survey,,,using a inultistage' 
sampling 'design with consideration for geIographic, representation 
and'iproportionate population samples'6118 children l-l4-years
 

) old were evalu'ated (96 .9% of those elig,?ible 'from1'the sampiing ,' 
41frame)., The prevalence'rates were 0.03%,for'corneal -ulcers~ among 

preschoolers (one case), 1.3% for Bitot's spots amonlg ' 

prescho61ler~ (39 cases), and 1.1% for night blindness among'all 
children (66 cases). , 

K'The extent of'the problem of vitamin A deficiency, in AfricaQ, 
'been' recently,is not 'accurately known'6 Few sound surveys~fave' 

Clone on the,continent, alhuh a 
1 clinic based data are,.available

8 7'2 on,n~countrywide,survey,,
 
I was, noted in Kenya that looked atithe pre6valence rates amonig
 
children under age six and'found no siwnificalt problem as
 7

defined by the WHO,prevalence~criteria . "In oneregion ,of
 
,Malawi,' a probability-based cluister sampling technique was":used
 

Signs of,_~Iassess'blindness in children under six years26.
,,to 

eesuh ~ ,hxerophthalmia and history ,of night blnns 
54,36 children' (99% of those eligible.fromn the sampling. frame). A 

.total prevalence rate~of 3.9% for' f 1 sign~s~of acti've,(' 
xerophthalmia is reported suggesting that' this.'regi'on~ha5 a' 

problem of Ipublic health significance. The 'specific rates were 0 
.

0.06% for corneal disease, (3 cases),~ 0.33% for' Bitot's spots' (l8~
 

cases), and 5.39% for, night blindness, (184 cases)-. De Sole e
 
~ a127 assessed 2647' Ethiopian children aged 6 months to 6fyears.
 

1They utilized a iluister Isample technique with'systematic ;:
 

4 seeto6%fractiveofcorneal-disease (1,ae),P4 o ona scar,4 

(l1,cases), and :3.89% for Bitot's spots (103,cases);'I~,,use, 
II 

rule,~~~fteirpopulation, Iwhere monocrop grainl farming was,the 

,tthe rates were 0.8%,~ 0.5%, ,and 5.%respectivbiy.1'
 

.The extent' of, the problem of vitamin 'Adeficiency in the
 

~ America's is not well known' du6 to a lack of current ,data.' 
'surveys showin'significant levels of.'vitamin IA < 

xExtensive 


_decade"~deficiency were conducted in Haiti and El' Salvador, over, a 
88 .: While these are outdated, the situation, now~hinihose
,~ag 76,'


~countries is sufficien'tly similar to suspect that thie~probieinm
 
'remains. I utemalahhd had,1a now discontinued1 program f
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remains. Guatemala had had 
a now discontinued prog:am 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 8 3
 . In 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 :f the problem or ,itamin A
deficiency in any given situation is difficult. 
There are
problems i.n establishing the prevalence of vitamin A deficiency
which include as yet inconsistent case definitions, the rarity,
clustering and seasonality of the condition, and the expertise
and resources required for the determining of vitamin A status.


The problem has been best studied in Asia, though even there 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 cbanges which could
 
dramatically change the situation.
 

V. INTERVENTIONS AND PROGRAMS
 

A. Determininq the Need for 
an Intervention
 
Establishing the need for an 
intervention to deal with
vitamin A deficiency means assessing vitamin A status and invokes
the problems associatcd with assessment that have been covered
proviously. 
The first line of investigation is usually an


examination of hospital or clinic records 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 assessing 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 local 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 should be a priority.
 

B. Targeting Vitamin A Programs

Vitamin A interventions have usually targeted preschool
children given that this appears to be a high risk group for
vitamin A deficiency particularly as manifest as 
blindness. The
risk factors that were significantly associated with vitamin A
deficiency 'n urban Bangladesh after controlling for demographic


factors, 
included lack of maternal knowledge about vitamin A,
oor dietary vitamin A intake, and cessation of breast-feeding

• 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 deficiency3 7 , 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 oi maternal education are also associated with increasec
 

51
childhood morbidity , so that targeting ill children for capsule
 
delivery, for instance, is one way to cover these other risk
 
factors. Other perhaps more sustainable and de-ielopment orientec
 
interventions, such as income generating pr~jecs, home gardens,
 
nutrition education programs and women's education, may also havw
 
an impact on vitamin A deficiency.
 

Targeting on the basis of acute illness and malnutrition has
 
been considered given the association of vitamin A deficiency
 
with various childhood morbidities, ie. diarrhea (particularly
 
prolonged diarrhea), acute respiratory illness, urinary tract
 
infectin, 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 are treated with vitamin A. Clearly,
 
targeting all families with children treated for malnutrition fox
 
dietary education may prove efficacious.
 

Recommendations for t.eating diarrhea and measles with 
vitamin A were discussed ac the 1987 IVACG meeting in Addis 
Ababa. Administration of vitamin A to children with diarrhea 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 8 9
 risk . The expectation that
 
vitamin A administration might also reduce the incidence and
 
sev.erity 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 is difficult to construct unambiguous
 
operational recommendations for what episodes to treat, with what
 
dose and how frequently. Assuming that the question of the
 
absorption of vitamin A is answered, the effect, if any, that
 
vitamin A has on an ongoirg episode of diarrhea needs to be
 
determined. Is this effect 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 -he 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 iraximum
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of 5-10% of diarrheal illnesses roach the health clinic, andoften the ones that reach the clinic are not the poorest, leasteducated families rmost risk vitaminat for A deficiency (personalcommunication with Kenneth Brown MD, SHPH, ofJHU Div Nutrition).Health seeking behavior, dista-ce fcom the home to the healthcenter and availability of health centers and of vitamin Ainterventions in health centers will also modify hopedthe for
increase in coverag-.
 

One could argu(t t.h.:% delivering vitamin forA, instancecapsule, to as aill children perhaps reaches those children too late.
This may be especially true of hospital admissions who, dependingon the disease in question, ara: frequently quite moribund by thetime they reach the . ashospital Eien adjunctive therapy, itwould seem overly optimistic to expect reversal of advancedpattiology by vitamin A in hospital settings. Ir may be moreeffective to try to reach the inigh risk groups in communitybased, preventive effort before infcection precipitates moreacute situation for athe high r-ish child. However, at present thedata to support one mo.de of targeting versus another are
inccnclusive 

C. Preventyve Interventions
Until recently, the objective of intervention programsbeen to prevent clinic.al xerophthalmia and the ensuing 

has 
blindness.Thus far, vitamin A intervention programs have not beenspecifically geared at reducing childhood mortality andmorbidity, although this is what is currently being considered.When either objective is discussed, the same means of dealingwith vitamin A dlef. ci ency are usually considered. Therethree we I] described preventive strategies 

are 
for improving vitaminA status; these 1)include: periodic large dose vitamin Adistribution, 2) fortification of a widely available and consumedfood, and 3) acqricu]tural and horticultural 

7 8 programs with largedietary education component Tihat 
a 

. treatment programsxerophthalmia are isportant. goes 
for acute 

without saying but these effortswill not be discussed here. 

The use of vitamin A capsule distribution is generallyregarded as an interim (tcmporary) measure for the control andprevention of vitamin A deficiency. The recommended dosingschedule for a vitamin A capsule distribution program is 200,000international units givcn atwice year.
less than one year of age 

The dose for children
 
or who are significantly underweight
100,000 I.U. twice isa year. While the capsule is relativelyinexpensive, as might be expected, the costs of distributionsignificant unless well developed infrastructure 

are a exists and canabsorb the expense. It may be more cost effective to tie thedistribution of capsules to 
some other health interventionalready in operation, such 
as vaccination programs or 
other
regularly occurring events. 
 A recent WHO report of 
an EPI Global
Advisory Group Meeting (11/9-1.3/87) proposed that the addition of
iodine and vitamin A administration to the EPI program would be
feasible and cost r!"fective 
in that these nutr.tional supplements
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separate distribution system. Field trials of this proposal are
 
being discussed for k;anda 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 critpria for dosing are used, eg. biannual prophylaxis 
and dosing during diarrhea. Th is unfortunately underscores the 
need for good recor-d keeping In Indonesia, the growtn. 
monitoring and immunization card that is given to the child's 
family to keep has an area devoted to r-cording of vitamin A 
receipt. Unfortunate]y, it is not universally used. hlowever, 
given proper training and supervision, the use of these cards can 
be reinforced and the monitoring of vitamin A receipt made much 
easier. The issue of monitoring capsule distribution in areas 
where there are multiple channels for cistributing vitamin A is 
impcrtant and _res research answerrqui operational to the 
question of how In'tenl ial over.eedosage can be avoided. 

While capsule adr ini t ration fits nto a medical/ 
pharmaceutical modl Ifor the ontr-ol oI vitamin A deficiency, the 
more long tern men su o forti f icai:on nind di etary/ 
horticultural inte rventions are more appealing to those who 
ascribe to a broader dcyew opment approach. These long term 
approaches may face the limitations 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, e.g. tea, sugar, or monosodium glutamate 
(MSG), will only be elfective if the high risk groups can buy and 
will consume the fortified product. Fortification of a food is 
usually a large scale undertaking, eg. done on a national level. 
PNsearch efforts are now underw.*ay in several settings which would 
clariy many questions about this promising method of 
inte rvention. 

Dietary educaticn and horticultural interventions are mcre 
easily implemented on a smaller scale. Some approaches to this 
method of intervention have been suggested by previous 
epidemiologic surveys. A csse control study conducted with a 
xerophthalmia prevalence survey in Malawi also found a strong 
association between early cessation of breast-feeding and poor

90
 weaning practices and xerophthalmia . Given these findings, the 
focus on prolonging breast-feeding and improving weaning 
oractices that many nutrition programs already advocate, may have 
an impact on vita-.Jn 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 altipiano of Bolivia, drought prone areas).
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D. Comparison of Various Interventions 
Three intervention programs, capsule distribution, MSGfortificaticn and dietary education, have been compared in Cebuin the Philippines" in a pre- and post-intervention evaluationdesign. Over the two 'year per-iaod of the study MSG fortification was the only intervent ion that significantly decreased clinicalfsigns and resulted in i rise in serum levels of vitamin A.Capsule distributioan, 2a .no I .U. every six months, reduced theprevalence ot cliniicil s ;gnI.i ficantly but did not change
serum retinol levels. , cost-benefit 
analysis was performed aswell, which ;ndicated ) high benefit-cost ratio for both MSGfortification and capule ditribution. A low benefit-cost ratiofor the public heaith/hoitic Itural intervention was calculated,although the "non-vit amin ,,ated benefits"l, were not included

in the calculation. 'Ihe :imated annual costs of theinterv(entions, impIInnn t,.d Lot-ween 1973 and ]975, were $63 per
barrio (300 househol df;) 
 7, forfor pul<, 73 MSG fortiffication,and $2840 for" pubi enhlii hot ii u tural program. The authorsprojected that, doneif o'i i i i ionala level that would allow for economy of' s l, o-ii icltion could cost less. 

Thiz technical ly dii i ,din yet informative studycertain limitation.- thi t rt:sntion.I There 
has 

was insufficienttime for the longer term, putl] ic Itca th interventiovs (provisionof a comnnunity heal th war, ('nvironmental sanitation,
deworming, immun i zaton ard nutrii-ton aid health education) orhorticultural devel oflIR nt to d<.monstr<ite an impact. Certainly,this program's non-v1t uin r -l, ted benefit.s are important
sho ul d be a ccni te I itC I The 

and 
impact a.f capsule

distribution on sc r-i ret inol ',,eIs may not have beendemonstrated hai-:i- . l were dr}iwn six months after thecapsules were giv' . (I) t- I om irazil have shown that serumretinol levels riui n i 3-4I I, 7n months after capsuleadministration .) lhi were no comparison groups and time andinter-village d iiI i acci cIi ve influenced the resultsindependent o' the i tervntior-. For example, the lowest per capita meanincu i and tho Ilwest leveis of maternal education were found in tne pu I i hrath/horticultural villages, while thehighost mean pe r iti income. r in the capsule villages,
the highest level o- n,,nl hction 

and 
was found in the 

fortification vii I 

These . joiiinterv-vrn di Ir e r with regard to sustainabilitywell. Forti f ic ti 
as 

1:!u ,'or't more sustainable than capsuleadministration, once tihe 0oS get passed onto the consumer. Itremains to be seen whet hor those passed-on costs put thefortified product out of the reach of those who need it most,i.e. low SES grou,. The su tainability of nutritioneducation/horticultural of fortts depends to a great extent theonagricultural potential of the ter.-rain available to the targetpopulation, the mechanisms ava ilable for transferring theinformation and the re:;ou-ces ivailable to implement any changes.An income generating componient added co horticultural efforts mayincrease sustainability. Mutiple factors may influence the 
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success or failure, the, 'susta inabil. ity.'of aypriu'rporm'
For, examiple,_ harsh e r terrains Like th(. altiplano~ in -Bo'iyia. miay, 

tbe esfo ortica n common onsumedaitem ' 
t i"orecostly aiternaive of :nma nn 7 

glass enclosed greenhouses. on the other, a Ind;-fortthe ficatpoli'tical~, on'may
; wiiJi ,,(r lackWLthereof), necessary,!tO 6actEualize L 
Soverwhelm such attempts: ifr the problem.fvtm'o fviami Adef:£ciency ismaefciny
 

region .sec (e,.--7th7 a Iipl'no)77and 	 -the-'1fic a es--not-affect 
hntireestdcountry. (1 

o A'csnt effectiveness model for interventions' aimed at the,,­
reduction ofsvitamin A deficienc inodeveloping countries hasI 

4 ~recently been developed by' Robert Tilden and Rlobert Grosseof'the' 
University of Michigan" 3 . The interveentions selected for't 
comoducatfone were diet modification, fortificationwando capsele'a 
administration (200.OOhQI.U.). The model is desighed to helpth 
user chose the intervention that achieves the desirad impact a 
the lowest cost given the particulars of the user'sfdervelopinomw 
country ~setting.
 

Based ondata generated by Sommer in.1976 'in Java,.West 
as applied to the Indonesian situati~n~ at variousjlevel's of

Y' expenditure per capita, diet modification was foi ~o~e h 
least-~cost-effective when the outcome, of death "redu~ction' among 0-, 

,6'.year~olds, was 'used. Fortification, and capsule 'di'stribuitoni':' 
were determined to be more cost-effective than dietmdifi ,aton 
When theoutcome of vitamin A deficiencyreduction (a inde ' 
comprised of healtIhi savings, deaths avoided, e:daysn nd', 4lost 
blindness avoided) was considered, fortificationfar out led the
 
other Iinterventions in te-zj\-s of cost~effectiveness.I When crude" 
death rate reduction was u~ed as an outcoiie,again~fortiJfi6'ation 
was the 'winner-in terms 'of ost-effectiveness. /However ,-these$ 
results were based on Sommer's findings of">a reduction inr " 
childhood mortality, of about 30%; results~whichmano-es 
generalizable oascnlivashas~been'discussed ina 
previous section. Additionally, the spillover'eff'edts 4f diet 
inodification~into other areas of health were notbe factored in,
 
so 	the model may'und'erestiniate the effectiven.ess"of 'this
 

2<interventionlin terms of crude death rate reduction.
 

'. Nevertheless, the,model is 'a valiant efflrt atIinstilling " 

more objectivity into the decision inaking'process of policy
makers. It is' a flexible, model 'thatjcan accommodate-several 
different' kinds of 'input. Dat'abase inputs'that are necessary_ to 
run the program are': 1) a disease~profile, 'which 'include's the 
prevalence of 'vitamin A 'deficiencyand the health damages due't
 
vitamin A deficiency, 2) program components,"'inoluding'costSof~
 
training, ma 'terials equipment, salaries,:assessment and
 
evaluation, 3)' projected success 'of 'the ,program which will.
 
include projected coverage, utilization of health~care, quality


'2 	 of the'iprogram inputs, etc., and 4) ecological 'factors such as 
"incidence~of diarrhea' and prevalence of proteinienergy 
malnutrition '(PEM)' in'the community. , Thus, the input 
K
requirements for this model are extensive,"yet well balanced and
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O'ne Must~keep in mind, howeverta
 
esuts~enratd 
 y~such a, comiputer analysis can onl~y bei as good'~atheqdaaJityof the~inptut variables used'in the.'program.- ~A
prior.'ection of this~ review has'dealt with the, cost~
dUifficuties'.and 
 sources. of -. On''-iai---e 

error in es mtn pevln ,.dt 
ce tsJone: of -the~m'iiayIilp'utvaz'iables needed. Inlorder to generate the abovefeffectiveriess ,conclusions, 'data'l cost,-,
 

~secondary'sources, were input_ that originated from
or. were best -guesses.., 
 'hucranyof
the
'inputs, however, is not ~reflected in anyway "by the,~presentation 
,' *2of ~the output, th~e results. The definitiv~eappoarance of the.
resulits displayed on the computer screen could mislead
policy-malers unaware of the relative strength or weakness of some
of the li'puts used to generate the results." Therefore,,,given,'
h
-cont roversy~over the impact of vitamin A on childhood morbidity

'and mortality, the inputs into this 
cost effectiveness~model must
beopt drdcaeu-i'vi
otmistic predictions. nraitcandoel
 

' 

E. Reported Prog~ram Evaluations 
 ~S A brief~mention of a clinical trial of Red Palm oil in~ ~~~<Central Java is included here for historic interet 9
 . Four
;milliliters of red palm' oil was administered 
 o15yaolsb
'their parents in two treatment villages, 
a third 'village received'
skim milk fortified with vitamin A and D, another village,
ireceived 'aplacebo and the last received no'treatment. 'The,
ioutcomes examined were serum retinol levels and clinical signs. 
"
 

WAll intervention villages demonstrated 
a significant increase in.
_-mean serum44retinol levels compared to the' placebo and no
'treatmenit villages. 
 The results on clinical signs are not.
"interpretable 
on account of the small numbers employed. Both-the
Ired palm oil and the fo,,:tified skim milk were reportedlv well
,received. jUse of locally available sources of vitamin A, such as
r'ed palm oil, 
"elephant ears", and other~greens, could ob~vi'ate
2the need for importing and distributing capsules as well'as4
,~fortification. 
In NE Brazil, a beta-carotene"'rich 4fruit, named
<,"buritil., is used as 
a natural food supplement to reverse RDR'
,-defined marginal vitamin A deficiency in 2 1 days (personal...

~commnunication with Barbara Underwood, PhD;
Institute, NIH). National Eye 
 , '4' 

, ' 

In the 1970's, several capsule distribution programs 
we're­2<evaluated via a pre'-,and post-intervention comparison of clinical,'i
.eye signs. This pre- and post-intervention evaluation procedure'
ha's been the one recommended by IVACG (78,95). 
 This method ' ,~involves baseline and follow-'upxerophthalmia prevalence surveyrs,
the results of which maybe confounded by insufficient sample
sizes~ for the prevalence '
urveys, the seasonality of vitaminA
~deficiency, other interventicns that may affect the'availability 
 -"~
Sof vitamin A'and/or the; prevalence of vitamin A deficiency, and,
socioeconomic changes ''' that occur."over the 
same time period.<~.'
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; The 1fortification of sugar~ with vitamin A in Guatema]lr was
 
7evaluated by,,,cross-sectional-sampling4ofserum reio ees
 
whchi allowed Ifor smaller, aripd1e sizes (n=500-700). Whenseru
 
l~els pre -intervention:,were con'-p red to ieveilq pos-~
 
intervention, ,theaidistr3.bution ofi'.serum1 retino1l&'l was
 

ifte'P ighe'r 'ferteortilfication ., .Whether and 1how this 
ov' bith cal status -,f fectedj rates~ of, childhood: 

~morb dity Jnd mortalityisun 69~ 7 
efficacy~cof sugar.~fr ication when measured bohmcly
 

-1~K An interesting method of evaluating of vitamin,;A programs
 
~that does not ~require baseline data is-based.upon the simple
 
llinear &.egressionrelationship that usually exists~between the
 
prev'alence ~of Bitot's~spots, and age between one and ~five years
 

.36 Un~der the influence of an~effectzive intervention, this. 
linear, relationship changes ove tiead te lpe fth,, 
regression line decreases~thereby reflecting ,anjimpact and ,degree 

.,,of coverage. The advantages~of this'technique,~ sometimes-,
 
-reerred to as "1 the sloape, te'st", aetit~ i'requies1 no
 

~ basgelin6),data, requires a'relatively reliable mreasure (clinical~j
 
~exam for Bitot's spots) ~and the age of the child.~ The,
 
disadvantages of this appro~ach are that the sample sie r qu'ired
 
for surveying Bitot's spots are large, that~there is a dependence
 
oa strongrelationship between age and Biots'WJot
 

(apparently not universal), an~htteei es:nlt of
 
Bitot's spots. Such evaluations were conducted in Indoneslaland
 

97
 India with vario'us degrees of success , and 'againwere focusedi 
upon measuring the impact of vitamin A on xerophthalmia as. 
opposed to morbidity and mortality. 

A.very extensi,ve evaluation of the impact of a nationwide 
reaporte disrbtc p ram on xerophthalmia was recently
 

reportedfrom Bangladesh98. While'again the outcome of interest
 

was clinical xerophthalmia'~'the results have operational> , 1:
 
implications for any on-going or future vitamin A programs.
 
22,335 children were examined for clinical signs and histor~es of~ 
,night blindness and of vitamin 'Acapsule receipt were obtain~ed ­

iKfrom clusters of 150 households selected within a stratified > 

~Jrandom sampling scheme that included the whole country. The,~ 
coverag& of the rural population was approximately 50% whereas 
that of urban populations was <20%. Interestingly, larger,~ 

i.households with better socioeconomic status and better sources of. 
drzinking water had better-coverage than poorer househol'ds.4 

'Despite the fact that the vitamin A program in Bangladesh~ijr10 
years4 old, 83% of rural~householders did not know that vitamin A 
"had anything to do with the eyes"98 . There w~as no relationship, 
found between xerophthalmia prevalence and vitamin A 
distribution, except for nihbides hr~h mean rate of
 
43.4/1000 was observed for areas, with coverag'e of 0-24VIas
 
opposed to a rate of 27.5/1000 for areas with >75%.coveraige.. The
 

' above mentioned "slope test",revealed no change in prevalence of 
---Bitot's spot relative to age, indicating no effect of the program 

B.i.ot s spots..S"on 
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In the discussion oi tihe resul ts of this evaluation, theauthors identify the following problems with capsule distribution
that may explain the Jow impact on mild xerophthalmia: 1) low coverage rate, (iL is eatiiated that coverage rate should be
in order to demontiate an impact--'), 2) the children most at 

>65% 

risk were not reached, I or un:;t ted reasons there is better 
coverage of childr.n Jess at ris:k (that thp groups most at risk 
were 
not reached is supporrted by the Aceh studyO), 3j depleted
initial vitamin A stritui,; iccompanied by poor nutritional status

in genera] dilutes tho effect that one 
200,000 1.U. capsule canhave. 
 The authors sugqest that alternative methods are needed to

improve the efficacy o0 the vitam.
n A capsule program. These

efforts inclue targetig h; h p revacnce seasons for capsule

administration, fo' .rinq home qardens, improved weaning

practices and fort ifiat ion of w, with vitamin A. 

Evaluation ol lnd i, caij.ile dis:itiihution program in the

later i970's wa s -:i 
 - iirre o a efaort, involving
examination ot 
09,0 1u hil 'n in :,tates in India". The above

mentioned slope test 
was utilized to assess the impact of capsule

distributtion ai M'ot's spot p:revaonce. From an operational

standpoint, hokevr it was 
discovered that poor maintenance of
records, lack of commu nity nutr-ition educat ion, little awareness 
in the community of the irole of vitamin A (80? knew nothing of

the program) , and poo i.i rvsi-n were the main 
 problems
encountered with cnii, di;tribution. The recommendations that
 
were made suhsequnt t his evaluLtion were.. 
 for better training

of the supervir oi- li tha d isatributors, with an emphasis on

education and 
rOord k :epin , shorter and more precise recording
forms, and nutrit ion diuction in the community. 

These (valiat: s uirscore the interim nature of capsuledistribution and tW '' Aries of reaching these children most

risk. Operationally, it ',o'1d have been 'helpful to know what 

at
 

factors specific 
 ly im; de capsule distribution in the low
 coveraqe are-s, an-id 
con'ersey what contributed to the high

coverage achieved 
in other areas. For instance, at the village

level, was the )ev-1 
o' ca psule coverage a function of a

particular type ei1distribitor, capsule supplier, the

accessibility of the target population, the demand for capsules,

etc.?
 

Additionally, these eva]uations indicate 
a need for

nutrition education and 
social marketing. Nutrition education

has been favorably evaluated to a limited extent with regard to
its effect on 
knowledge, attitude and practices of participants
 
100, however, more research is necessary. The role of social
marketing should he 
to create demand, thus increasing coverage
and thereby ihicreasing off icacy of the program. Trials of social

marketing approaches are underway in Indonesia and Thailand.

Operationally, the social marketing component has been viewed 

an interim measure until 

as
 
the vitamin A intervention becomes


established, bu- it may well 
need to be a sustained effort, with
 
messages cycled through at 
regular intervals, and renewed
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periodically to avoid message burnout. It has yet to be
 
determined how cosr-efftctive social marketing will be. 

The interested reade-r referred C.i t to Fischman's AED

re',iew] 0 1 which sunnwrriz,., the experience
with 	 social marketingj of current programseffort:; ind nutrition education. 

In summary, it is rInreal itic for private voluntary
organizations or :;oaoler .ciaieI.-iol programs to attempt to measure
the impact of vitamin A on morbidity or moitality. The numbers 
required to demon:-;trat:e the imp ict of any vitamin A intervention 
are very high, perhs larger: than the tar'get population of the 
program. Sopiisti cited t-acking and recording systems would be
 
necessary in addit ion to a control 
 group in order to attribute 
solely to vitamin A any of Iects seen. Even if it were 	possible

to catalogue all. deaii in a 	 suf I-icjent Iy large population or to 
keep track of atl I ia cihcal topisodos in a smaller population, it
 
would he imnpossibl to i:riO te th- Oct of vitamin A from the
 
effect of oth.:t int.\,tions th,-it a PV or MOH is most likely

i:olicrrrent I y api elnhiitt is mo]e real]istic that the focus
 
of pl ivate vol.11, a'-y o r ;11, r MO projects should the
(,0 	 be 
evaluation of prot rr;o'o Lt imp oct indicators, switching
the cmpha 1 , e \'ii 0 ion el 1 ifv tot o va l uation of
 

ci 'yt and: i t
 

VI. 	 CURRENT I'OCIAMMATIC AC'IVITI1.:."; 
All cur-rfent I Ajonry for Inte at ron Icvclopment funded 

projects are nieo1 iini inec "'aluatiol of Vitamin A 
Inter vention Pr-ogi i , :1ocu: * on Il'C/,'ouial Marketing" by Claudia 
Fischman of- the A iilI f, nuc it it.ona1 Development (AED)101 
This docurient a hi i hC the potenti a I for social marketing
and nutr-itionill i i,;] i ( it' "n th se projects. 

VI.. 	 RECOMMEN)ATI 0N ; 

t
A. oon i- 1 I"
 
Bes id-CA o :;pc I uqIjqetiorns made in the te,:t as to
 

areas neding add t ionil io';catch, continued support and/or
funding for ros( rrch 1ort-i ao also necessary to establish: 

,.itLwi 
morbi dity and io tvl I ty. 

1. 	 the magni itdo- of ufftoot,l A u1 hildhood 

2. 	 preva]ni () it ,r A doficiency in suspected 
viifal.jll , <whet ioint- areas. 

3. 	 field ipol i',0lic rcIaLe, valid, inexpensive 
methods of '.it0:-in A - et-semsrnt.
 

4. 	 means of 
 i !op, 1 g disI.r: bution of vi-tamin A 
capsules t-o hi ritIc;k, dif icult: to access 
poiU Lo t ons. 

b. means of i:eaching difficult to access groups with 
various ortltid foods.
 

6. 	 means of opti-iizing results with dietary education
 
arid horticul.tural training efforts applied to high
 
risk giroups.
 



7. 
 cost effectiveness of vitamin A programs
recognizing 
 the differences in vit:amin A
epidemiology in different areas of the world.
8. 	 identification of indigenous food 	 sources ofcarotene rich fcods for child feeding. 
B. Programf .f t 
Programs aimed at 
the eradi cation of vitamin A deficiency
must 	take into acco, nt veral points I.imitationssuggeating 	 of the datathe neeo for a program (both over-estimations) must be 	 ,]idunder­taken into 
account. Progr-am design shouldtarget high r[sk population, it possible. These efforts mustconsider sustinability and the ability to 
be integrated into
other health care activities inAdditional ly, 	

the area when apropriate.any effort: must include a means of evalu ationis realist hichic Wi the situation. Ihis will in
especially Car many cases,small fto-t, not i:nyOIye the measurementchanges in 	 ofmorl idcit- and maort i lty rat o;. 

Support for proqrammati c efiorts could include:
1. 	 facilitating tortification where appropriate.2. 	 increasing capsule coverage where appropriate.3. 	 collection of other information that 	would allowtor the compilation of a 	 profile of demographic,socioeconomin and geographic factors describing
those who have received the capsules 
versus those
who have not recieved capsules. (This information
 con 
Id be fed back into the system on the next
round of distribution in order to increase totalcoverage but specifically to increase coverage of 
4. 	

those at high risk.)exploration of ways that vitamin A interventions
 can be incorporated into ongoing programmatic
activities, especially growth monitoring,
nutrition t'ducation, food 	 supplementation programs
and primary care.
5. 	 more 
long term solutions, ie. 
dietary and
horticultural programs, with 	 particular
examination of their sustainablity.6. 	 insisting on realistic program evaluation for eacheffort, emphasizing process inuicators -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
programs, The objective of the meeting would be
to derive a list of indicators for program
implementation, monitoring and evaluation.)
7. 	 the review of results of 
current social marketing
trials to decide whether this As a cost-effective
 

8. 	
addition to current programatic activities.
the evaluatinn of different modes of distribution
to determine which mode reaches the high risk
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groups most effectively.
 
9. 	 the development of operational guidelines for 

field staff for ide-tifying those children to 
treat with vitamin A if research efforts 
demonstrate that vitamin A supplementation of 
children with darrheacli or LRI is effective,. 

10. 	 the development of modes of monitoring capsule 
distribution f rom multiple sources that would 
safeguard against overdosage. 

II. 	 incorporation of indigenous and culturally 
acceptable carotene rich food sources into child 
feeding progcrams and nutrition educatior. 

36
 



References
 

1 
 Sommer A, Tarwotjo I, Hussaini G, Susanto D. Increased
mortality 
 in children with mild vitamin A deficiency.

Lancet, 1983; 
 (ii) :585-88.
 

2 
 Sommer A, Katz J, Tarwotjo I. Increased risk of respiratory
disease and diarrhea in children with preexisting mildvitamin A deficiency. Am j Clin Nutr, 1984; 40:1090-1095. 
3 
 Sommer A, Trarwotjo I, Djunaedi E, et al.


supplementation on childhood mortality: 
Impact of vitamin A
 
d randomized
controlled community trial. 
Lancet, 1.986; (i):1169-73.
 

4 Joint W11O/UNICEP statement on 
viuamin A for measles. Weekly
Epidem Pec 1987; 
19:133-34.
 

5 The safe. tise of viLamin A by women dur:ing reproductive
years. A Report of the iLetActLionai Vitamin.- A ConsultativeGroup (IVACG) . Te Nutrition Foundation. Washington, D.C.,
1986.
 

6 Hcward GR, West 
 JP, Sommer A. Vitamin A ani Infection.Working Paper for the Office of Nutrition, United StatesAgency for International Development, Washington, D.C.,

1986.
 

7 Hatcheli DL Sommer A. Detection of ocular surface
abnormalities in experimental vitamin A deficiency. Arch

Ophthal 1984; 102:1339-93.
 

8 McDowell EM, Keenan KP, Huang M. 
. Effects of vitamin Adeprivation on 
hamster tracheal epithelium. Virchows Arch
[Cell Pathol] 1984; 15:197-219.
 

Bloch CE Decline
9 in immunity as a symptom due to deficiencyin A vitamin and in 
C vitamin. Acta Paediat. (Suppl) 1928;

7:61.
 

10 
 Nauss KM, Phua CC, Ambrogi L, Newberne PM. Immunological
changes during progressive stages of vitamin A deficiency inthe rat. J Nutr 1985; 115:909-18. 

11 Van Horn DL, Schutten WH, Hyndiuk RA, Kurz F.. Xerophthalmia
in vitamin A-deficient rabbitts. Invest Ophthalmol Vis Sci

1.980; 19(9):1067-1079.
 

12 
 Olson JA. Physiological and metabolic basis of major signs
of vitamin A deficiency. In: Bauernfeind J, ed. Vitamin A
deficiency and its control. Orlando, Fla: 
Academic Press,

1986; 19-67.
 

13 
 Krishnan S, Bhuyan UN, Talwar GP, Ramalingaswami V. Effect
 



of vitamin A and protein-calorie undernutrition on immune 
responses. Immunology, 1974; 27:383-92. 

1.4 	 Nauss KM. Infiuence o vitamin A status on the immune 
system. In: iauernfeind ,J, ed. Vitamin A deficiency and its 
control. Orlando, Fla: Academic Press, 1986; 207-43. 

15 	 Wolbach SB, Howe PR. Tissue changes following deprivation of 
fat soluble A vitamin, J Exp Med 1925; 42:753-777. 

16 	 Davis CY, Sell J].. Effect. of all-trans retino]. and retinoic 
acid nutrition on the immune system of chicks. J Nutr, 1983; 
113,1914-19.
 

i" 	 Dressev DW. Adjuvanicity of vitamin A. Nature 1968; 217:527­
529.
 

18 	 Brown K11, Pijan MM, Chakraborty J, Aziz KMA. Phil M. Failure 
of a large dose of vitamin \ to enhance the antibody 
response to te-lnus toxoid in children. Am J Clin Nutr, 
1980; 33:212-1/. 

19 	 Kutty PM, Mohanrmi M, Reddy V. flumoril immune response in 
vitamin A deficient children. Acta Vitaminol Enzymol, 1981; 
.(4) :231-35. 

20 	 Roge(rs WE, Bii r , McDaniel EG.. Vitamin A deficiency in 
the germfiee -tate. Fed Proc 1971; 20(6):1773-78. 

21 	 Nauss KM, Newberne PM. Local and regional immune function of 
vitamin A d_-ficient rats with ocular Herpes simplex virus 
(HSV) infections. J Nutr, 1985; 115:1316-24. 

22 	 Bang FB, Bang BG, Foard M.. Acute Newcastle viral infection 
of the upper respji-atory tract of the chicken. Am J Pathol 
1975; 78- 17-26.
 

23 	 McDowel. EM, Keenan KP, Hluang M.. W<=stocation of mucociliary 
tracheal epithelium fol lowing deprivation cf vitamin A. 
Virchows Arch [Cell Pathol] 1984; 45:221-40. 

24 	 Milton RC, Reddy V, Naidu AN. Mild vitamin A deficiency and 
childhood morbidity-an Indian experience. Am J Clin Nutr, 
1987; 46:827-9.
 

25 	 Solon FS, Pop:in 11M, Fernandez TL, Latham MC. Vitamin A 
deficiency in the Philippines: a study of xerophthalmia in 
Cebu. Am J Clin Nuti., 1978; 31:360-68. 

26 	 Tielsch JM, West KP, Katz J, et al. Prevalence and severity 
of xerophthalmia in southern Malawi. Am J Epidem, 1986; 
124(4) :561-8. 

27 	 De Sole G, Belay Y, Zegeye B. Vitamin A deficiency in
 



southern Ethiopia. Am J Clin Nutr, 1987; 
45:780-4.
 
8 
 Clausen SW. The pharmacology and therapeutics of vitamin A.
JAMA, 1938; 111:144-54.
 

Pinnock 
 CB, Douglas Rm, Bradcockchildren 	 NR. Vitamin A statuswho aro prone to respiratory 	 in 
tract infectionsPaodiatr j, locn; 22:5-90.	 Aust 

30 	 Shenai JP, KEnnldy KA, Ch}'til F, Stahlmanof vitamin 	 MT. Clinical trialA 	 Iupplementation in infantsbronchopujmonary 	 ;ceptible todysplasia. J Peds, 198/ [11:269-77.
 
31 Lawson E:, 
 Sti!e, AD. Vitamin A therapychronic 	 for preventionlung 	 di ca:!.se ofin infants. J Peds, 1987; 111(2) :247­48. 

32 	 Datta N, Fumi , 
managem:.nt 

Kumar 1, Singhi S. Applicationt io 	 of casecentre] of acute respiratorylow-birth 	 infectionsw.iqh t inlant.: 	 ina fnasibi1ity sLudy. Bull WHO,1 9 8 7 ; F 5( I ) : . 
33 	 Sommer A, To rwot Io i ,xerophthalmia Katz: I. ncre( .ed risk oftol,.. lg diarrhea and respiratory disease.J Clin Nutr, 1987;' . :q77-80, 

Am 

34 Black RE, Brown !, Becker S. Malnutritionfactor in diarreal 	 is a determiningduration, but notchildren 	 incidence, amongn a igitudinal 	 youngstudy in rural Bangladesh.

Clin Nutr, 19R ; 39:87-94. 

Am J
 

35 Khan 
 MU, 	 aque Ei, Khan MR. Nutritional oculartheir 	 diseasesassociation 	 andwith 	diarrhoea in Matlab, Bangladesh.Nutr, 1984; 52:1-9.	 Br J 

36 Stoll BJ, Banu B, 
 Fabir I, Molla A. Nightblindness
vitamin A deticiency 	 andin children attending a diarrheal
disease hospital in Bangladesh. J Trop Peds, 1985; 
31:36-8.
 
37 	 Stanton BF, Clemens JD, Wojtyniak

for developing 	 B, Khan 1'. Risk factorsmild 	nutritional blindnessBangladesh. 	 in urbanAm J Dbis Child, 1986; 140:584-88.
 
38 	 Upadhyay MP, GuL-ung RLB, Pillai KK, Nepal
among BP. Xerophthalmia
Nepalese children. Am J 	 Epidem, 1985; 121(l):71-7.
39 Brilliant LB, Pokhrel RP, Grasset 

blindness 	 NC, et al. Epidemiology ofin Nepal. 
Bull 	WHO, 1985; 63(2) :375-86.
 
40 
 Feachem RG. Vitamin A deficiency and diarrheoa:
interrelationships and their implications for the control of
xerophthalmia and diarrheoa. Trop Dis Bull, 


R16. 
1987; 84(3):R1­

a review of
 

,TtMA
 

http:managem:.nt


Molla A, Islam A, Molla AM, Jahan F. Change in serum 
vitamin


41 

oral 	dose in children with acute
A concentration after an 

103(6):1000-02.
diarrhea. J Peds, 1983; 


Reddy V. Raghuramulu N, Arunjyoti, Shivaprakash M, Underwood
42 

B. Absorption of vitamin A by children with diarrhea 

during
 

treatment with oral rehydration salt solution. Bull WHO,
 

1986; 64:721-24.
 

Foster A, Sommer A. Vitamin A supplements and
43 	 Barclay AJ, 

a randomized clinical trial.
mortality related to measles: 


Br Med J, 1987; 294:294-296.
 

Koblinsky M. Severe measles and measles blindness. Report 
to


44 

the office of Nutrition, United States Agency for
 

International Development. International Center for
 

Epidemiologic and Preventative Ophthalmology, The Johns
 

Hopkins University, Baltimore, Maryland, 1982.
 

45 Brown KS, Gaffar A, Alamgir S'1. Xerophthalmia, protein­
children. J Peds,calorie malnutrition and infections in 

1979; 95(4):651-56.
 

46 	 Costello AM. Vitamin A supplementation and childhood
 

mortality. Lancet, 1986; ii:161.
 

Gray RH. Vitamin A supplementation and childhood mortality.
47 

Lancet, 1986; ii:161-2.
 

Latham M. Vitamin A supplementation48 	 Martinez 11, Shekar M, 
and childhood mortality. Lancet, 1986; ii:451.
 

49 	 Sommer A, West KP. Response to letters to the editor.
 

Lancet, 1986; ii:451-52.
 

Tarwotjo I, Sommer A, West KP, Djunaedi E, Mele L, Hawkins
50 

a randomized
B. Influence of participation on mortality in 


trial of vitamin A prophylaxis. Am J Clin Nutr, 1987;
 

45:1466-71.
 

Child survival: strategies for
51 	 Mosley WH, Chen LC. In: 

Chen 	LC, eds. Population and
research, Mosiey W11, 


10:25-45.
Development Review, 1984; Suppl, 


52 	 Kozlowski BW, Taylor ML, Baer MT, Blyler EM, Tralms C. Anti­

convulsant medication use and circulating levels of total
 

thyroxine, retinol binding protein, and vitamin A in
 

children with delayed cognitiv. development. Am J Clin Nutr,
 

1979; 29(2):233-60.
 

53 Arroyave G, Calcano C. Discenso de los niveles sericos de
 

retinol y de su proteina de enlace (RBP) durante las
 
29(2):233-60.
infecciones. Arch Latinoamer Nutr, 1979; 




54 	 Campos FACS, Flores H, Underwood BA. Effect of an infection on vitamin A status of children as measured by the relative

dose response (RDR). 
Am J 	Clin Nutr 1987; 46:91-4.
 

55 
 Control of vitamin A deficiency and xerophthalmia. WHO
 
Technical Report Series, No. 672. 
 World Health
 
Organization, G(onpva, 1982.
 

56 	 Amedee-Manesme 0, Mourey MS, H{auck A, Therasse J. Vitamin A
relative dose response test: 	 byvalidation intravenous
injection in children with liver disease. Am J Clin Nutr,

1987; 46:286-89.
 

57 	 Amedee-Manesme 0, Anderson D, Olson JA. Relation of the RDR
 
to liver concentration of vitamin A in generally well
nourished surgical patients. Am J Clin Nutr, 1984; 
39:898­
902. 

58 
 Loerch JD, Underwood BA, Lewis KC. Response of plasma levels
of vitamin A as an indicator of hepatic vitamin A reserves 
in rats. J Nutr, 1979; 109:778-786.
 

59 	 Russell RM, Iber FL, Krasinski SD, Miller P. Protein-energy
malnutrition and liver dysfunction limits the usefulness of
the relative dose response 
(RDR) test for predicting vitamin
A deficiency. Hum Nutr: 
Clin 	Nutr, 1983; 37C:361-71.
 

60 	 Olson JA. Serum 
levels of vitamin A and caroteniods as
reflectors of nutritional status. JNCI, 1984; 
73(6):1439-44.
 

61 
 Arroyave G, Aguilar JR, Flores M, Guzman MA. Evaluation of
sugar fortification with vitamin A at the national 
level.
Panamerican Health Organization, Scientific Publication 384,

1979.
 

62 	 Woodr-uff CW, Latlham CB, James EP, Hewett JE. Vitamin A
 
status cf 
preterm infants: the influence of feeding and
vitamin supplements. Am J Clin Nutr, 1986; 
44:384-89.
 

63 
 Wittpenn J, Tseng S, Sommer A. Detection of early

xerophthalmia by impression cytology. Arch Ophthal, 1986;
 
104:237-39.
 

64 	 Amedee-Manesme 0, Luzeau R, Wittpenn J, Hauck A, Sommer A.

Impression cytology detects subclinical vitamin A

deficiency. Am J Clin Nutr, 1988; 47:875-8.
 

65 	 Natadisastra G, Wittprnn J, West KP, Muhilal, Sommer A.
Impression cytology for detection of vitamin A deficiency.

Arch Ophthal, 1987; 105:1224-28.
 

66 
 Wittpenn J, Natadisastra G, Muhilal, Tseng S, Sommer A.

Impression cytology for detection of vitamin A deficiency.

ARVO abstracts, 1986; :99.
 



67 	 Blcck G, Hartman AM, Dresser CM, Carroll MD, Gannon J,
 
Gardner L. A data-based approach to diet questionnaire
 
design and testing. Amer J Epidem; 124(3):453-469.
 

68 	 Tangney CC, SheP la RB, Raynor W, Gale M, Betz EP. Intra­
and interiridiviaual variation in measurements of beta­
carotene, retinol, and tocopherols in diet and plasma. Am J 
Clin Nutr 1987; 45:764-9. 

69 	 Rhoads 7G, Kurinij N.. Epidemioiogical studies in nutrition:
 
utility and limitations. J Nutr 1988; 118:240-241.
 

70 	 Willet WC, Starpler MI, Underwood BA, Speizer FE, Rosner B, 
Hennekens CHI. Val.idaition of a dietary questionnaire with 
plasma carotenoid and alpha-tocopherol levels. Am J Clin 
Nut.- 1983; 38: 631-639. 

71 	 Favaro RMD, Vie-ri a do Souza N, Vannucchi H, Desai ID, Dutra 
de Oliveira J3 . Eva1 uation of rose bengal staining test and 
rapid dark adaptation t:est for the field assessmenL of 
vitnmin A status of preschool children in Southern Brazil. 
AmJ Clin Nutr 1986; 43:940-945. 

72 	 Tarwotjo I, Sornmer A, Soegiharto T, Susanto D, Muhilal. 
Dietary practices and xerophthalmia among Indonesian 
children. Am T Clin Nutr 1962; 35: 574-581. 

73 	 Amedee-Manenrc- 0, Furr HC, Alvarez F, Hadchouel M, Alagille 
D, Olson JA. Hiochemicali indicators of vitamin A depletion 
in children w th cholestasis. Hepatology 1985; 6(6): 1.143­
1148, 

74 	 Underwood BA, Loerch 1D, ]lewis KC. Effects of dietary 
vitanin A deficiency, retinoic acid and protein quantity and 
quality on serially obtained plasma and liver levels of 
vitamin A in rats. J Nutr 1979; 109:796-806. 

75 	 Green MH, Green JB, Lewis KC. Variation in retinol 
utilization rate with vitamin A status in the rat. J Nutr 
1987; 117:694-703.
 

76 	 McLaren DS. Global occurrence or vitamin A deficiency. In: 
Bauernfeind J, ed. Vitimin A deficiency and its control. 
Orlando, Fla: Academic Press, 1986:1-13. 

77 	 Clausen SW. Vitamin A deficiency. Med Clin N Am, 1943; 349­
59.
 

78 	 Guidelines for the Eradication of Vitamin A Deficiency and
 
Xerophthalmia. A Report of the International Vitamin A
 
Consultative Group (IVACG), The Nutrition Foundation,
 
Washington, D.C., 1977.
 



79 
 Sommer A, Tarwotjo I, Hussaini G, Susanto D, Soegiharto T.
Incidence, prevalence and scale of blinding malnutrition.
 
Lancet, 1981; i:1407-08.
 

80 	 Lemeshow S. Sampling Strategies. In: A Review of
Methodological Approaches to Evaluating Health Programs,

Gray 	 RH, ed. 1IP Oucasiun,-i Paper, No. j., Institute forInternational Programs, The Johns Hopkins University,Baltimore, Md., 1]0q6:16-1Q. 

81 	 Oomen HAPC, Ten DoJ;.,ote I. The peri od i city of

xerophthalmia in L;outh 
 and I:ast As ia. Ecology and Food and 
Nutritioa, 1)73; 2:307-]7. 

82 	 Sinha DP, Hang I-1B. Oca.sona variation in signs of vitamin--A
deficiency in rural West 	 Bengal children. Lancet, 1973;
(ii) :22F-31. 

83 	 Sant.os L., Dr icotI ,, AsciuttiI LS, Dricot-d'Ans C.Xerophthllmia i t'l 	"tate of Paraiba, northeast of Brazil:ciinic:I fnIr ng . A, ; (Mm nNutr, 1983; 35:139-44. 

84 	 Vija,/arrgha-vn IE, ,I<'-,shwar :ra KV, Pralhad Rao N, Reddy
V. Llpatlt" o doss o f,, vitaminl A on i:,cidence ofnutritional hl iridnoss. 8t4il; ii :149-51. 

85 	 Sommer A*. Gus::,in;,, MLuhil] , Ta-wotjo I, Susanto ), SarosoJS. Hi{story o niqhthl i'idness: a simple tool for
xerophthaimi,, i;C.,- mci 
 Am J 	 C] in Nutr, 1980; 33:88"7-91. 

86 	 Reddy V. Vit. a:in A dc--f icienc,, control in India. 1n,
Bauernfeind ,J, ed. V it:,in A deficiency and it.s control
Orlando, Fla: Academic ir-c-	 , 1980; 389-404. 

87 	 Steinkul]er PC. Nutritional blindncss in Africa. Soc Sci 
Med, 1983 ; Y/ (?2) :.1715-1. 

88 	 Arroyave G. Vitamin A deficiency control 
in Central America.
In: Bauernfeind J, ed. 
Vitamin A deficiency and its control.
Orlando, Fla: Academic Press, 1986, 405-24. 

89 
 Report Gf the joint IVACG-WHO consultation on the prevention

and treatment of vitamin A deficiency in children with

diarrhea. Geneva, 25 May, 1987. 

90 	 West KP, Chir-imbo M, Katz J, Sommer A. Breast-feeding,
weaning patterns, and the risk of xerophthalmia in Southern
Malawi. Am i Clin Nutr, 1986; 44:690-7.
 

91 	 Solon F, Fernand', TL, Latham MC, Popkin BM. An evaluation
of strategies to control vitamin A dericiency in the

Philippines. Am J Clin Nutr, 1979; 
32:1445-53.
 

92 
 Flores H, Campos F, Araujo C, Underwood BA. Assessment of
 



marginal vitamin A deficiency in Brazilian children using
 
the relative dose cesponse procedure. Am J Clin Nutr, 1984; 
40: 1281-89.
 

93 	 Tilden R, Gross; R. Cost-ef!ectiveness model for reduction of 
vi'tamin A deficiency in developinq countries. User Guide, 
1987.
 

94 	 Oey Khoen Lian, iem '1, " Tie, Rioe C, Prawiranegara D., 
Gyorgy P.. Red palm cii in the prevention of vitamin A 
deficiency. Am J C] V Nutr, ]Ke7; 20(12):1267-74. 

95 	 Periodic, large oral do.es of vitamin A for the prevention 
of vitamin A deL iciency aPi xerophthalmia: a summary of 
experiences. A Report of te International Vitamin A 
Conbsltative Group (IVACO). The Nutrition Foundation, 
Washington, D.C.. 1).1.4 

96 	 Vijayaraghavan E, Utidu AN, Rao N11, Srikantia SG. A simple 
method to evaluate the m;assive dose vitamin A prophylaxis 
program in pres;hool children. Am J Clin Nutr, 1975;28:1189­
1193. 

97 	 West K, Sommon- A. Delivery of oral closes of vitamin A to 
prevent vitaminn A deFiciency and nutritional blindness: a 
state-of-the-art -evi . Nutrition Policy Discussion Paper 
No. 2, Unitei Natinw::, ACC/SCN, 1987. 

98 	 Cohen N, !ahr.n i, Nit v, r, et al. Impact of massive doses 
of vitamin A on net itional hlindness in Bangladesh. Am J 
Clin Nutr , ] : ­

99 	 Vijayaraghavan , lao NP. N"ational programme for the 
prevention of vitamin A def iciency: an evaluation. National 
Institute of Nutrition. Indian Council. of Medical Research, 
1978. 

100 	 Devadas PP. C.rrnuly Iavailable technologies in India to 
combat vitamin A ma lnutrition. In reference (88). 

101 	 Fischman C. Report to the Office of Nutrition, United States 
Agency for International Development, Washington, D.C., 
2988.
 


