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"VITAMIN A DEFICIENCY: AN UPDATE" 

"VITAMIN A DEFICIENCY: AN UPDATE" 

In the past few years, we have gained important new knowledge about the 
problem of vitamin A deficiency. It has completely changed the ways in which 
we plan, implement and evaluate activities designed to address this problem. 
Everyone interested in saving the lives and improving the well-being of infants 
and young children, from policy makers to community health volunteers, is 
likely to find these developments both relevant to their work and extremely en
couraging. 

"CLINICAL SIGNS" 

In the past vitamin A has been known primarily as a protector of the function
ing of eyes and the best known signs and symptoms of vitamin A deficiency in
cluded eye signs. 

......READ FROM SLIDE ...... 

"VITAMIN A AND EPITHELIAL TISSUE" 

The role of vitamin A in protecting the integrity of epithelial tissue in all sys
tems of the body is well known. When circulating levels of vitamin A are low, 
the structure and functioning of the epithelium are significantly altered, and im
mune functions suppressed. These effects are widespread and affect the 
gastrointestinal and respiratory systems in addition to the eyes. Recent studies 
have shown reduced mortality, morbidity and severity of infections among 
vitamin A supplemented children. 

"IMPORTANCE" 

Why has vitamin A gained new importance? Previously known mainly as an 
agent for preventing blindness, it has recently been found to have a major effect 
on saving the lives of infants and young children. 

......
READ FROM SLIDE ...... 

Based on these findings, U.N. agencies such as WHO, UNICEF and FAO, and 
many developing country health professionals are working hard to rapidly ex
pand a range of activities aimed at delivering vitamin A, especially in areas 
known to be vitamin A deficient. This presentation provides a brief overview of 
recent studies that demonstrate the mortality reducing effects of vitamin A, cur
rent knowledge on how and why vitamin A deficiency occurs and who is par
ticularly at risk, interventions that work, and where to obtain resources for 
programs. 



"VITAMIN A DEFICIENCY: AN UPDATE" 

"INTERACTION WITH INFECTIONS"
 

The first indications of a broader impact of vitamin A deficiency came from 
epidemiological studies showing the association of low serum vitamin A levels 
and minor eye changes - sometimes referred to as marginal or sub-clinical 
deficiency - with increased risk of mortality. This 'xpanded the relevance of 
vitamin A programs even in areas where severe xerophthalmia and overt signs 
of the deficiency are not widespread. Studies have also shown that infections 
such as respiratory disease and measles reduce circulating levels of vitamin A, 
and can precipitate the occurrence of clinical signs including severe eye chan
ges. 

"IMPACT ON CHILD MORTALITY" 

Several studies have shown the mortality reducing effects of vitamin A. 

POINT TO FIRST BAR ON LEFT ............ 


In this study in Indonesia, children received two vitamin A doses of 200,000 IU 
per year. 

POINT TO SECOND BAR FROM LEFT............ 


In this 1988 study, vitamin A-fortified mono-sodium glutamate was used. 

...... POINT TO THIRD BAR FROM LEFT ...... 

In India, weekly doses of vitamin A were provided at levels equal to the recom
mended dietary intakes. 

...... POINT TO FOURTH BAR FROM LEFT...... 

In this study, two doses of 200,000 IU each were distributed with a six-month in
terval between doses; however, a number of subjects could not be followed up 
for final evaluation. 

...... POINT TO LAST BAR ON RIGHT ...... 

In this study in Nepal, children were dosed every three months. 

"IMPACT ON MEASLES MORTALITY" 

Three studies found that when children suffering from severe measles were 
given at least two doses of vitamin A containing 200,000 IU,deaths and com
plications were reduced by half. Other studies conducted in Africa have shown 
similar results, even when the children came from communities that were not 
believed to have a serious vitamin A deficiency problem. 



"VITAMtIN A DEFICIENCY: AN U.IPDATE" 

"PATHWAY OF VITAMIN A" 

This diagram shows the various sites of the body where vitamin A intake and 
utilization occur. Active preformed vitamin A, or retinol, is found only in foods 
of animal origin, such as liver, milk, and eggs. Carotene pigments contain an in
active precursor that is converted mainly in the intestines to the active vita
min A. Oral supplements of vitamin A are generally in the form of retinol 
palmitate. 

......POINT TO "INTESTINE" and "BETA- CAROTENE 4 RETINOL"..... 

The consumption of fat is necessary for carotene absorption. After absorption, 
vitamin A, in the form of retinol esters, is taken up by the liver. 

......POINT TO "LIVER" ..... 

When needed by the body, vitamin A is released as a retinol-protein complex, 
which circulates in the blood and reaches different sites where it is used for 
such important functions as immunity, dark adaptation by photo-receptors, 
and the maintenance of epithelial cell membranes. Assessment techniques are 
used to measure vitamin A at different points in this pathway. These measure
ments, in turn, are used to determine vitamin A status. 

"ASSESSMENT METHODS & CRITERIA" 

Usually, a combination of methods is used to assess vitamin A status. These fall 
under the following categories 

......
READ NAMES OF CATEGORIES. 

The World Health Organization has developed a set of criteria for determining 
whether a community has a serious public health problem of vitamin A 
deficiency. These are based on eye signs and serum levels. 

READ CRITERIA UNDER "CLINICAL ............ "AND "BLOOD ........
 

"MAGNITUDE OF THE PROBLEM" 

Worldwide, an estimated 43 million children suffer from vitamin A deficiency. 
S tl IDE All1 developing countries are affected. At the World Summit for Children held 

in 1990, targets for eradication were set and endorsed by leaders of 60 countries. 

......
READ "GLOBAL TARGET" AT BOTTOM OF SLIDE ...... 
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"RISK FACTORS"
 

Within regions and countries, some members of the population are at greater 
risk than others. The next two slides summarize some of the known risk factors 
that predispose an individual or community to vitamin A deficiency. 

....... READ FROM THE SLIDE ...... 

RISK FACTORS (continued) 

......READ FROM THE SLIDE ...... 

In these groups, a deficiency of vitamin A occurs because their needs are in ex
cess of intake, and liver stores are low. 

"SOURCES OF VITAMIN A" 

Vitamin A occurs widely in nature. Animal foods such as fish, milk - includ
ing breastmilk - meat and eggs contain preformed retinol, while plant sources 
such as fruits and vegetables contain a precursor of the vitamin called beta
carotene. Vitamin A is also available as a supplement - as capsules or syrup 

which can be used in high risk cases when vitamin A must be replenished im
mediately. 

"DAILY NEEDS" 

Only small amounts of vitamin A-rich foods are needed to prevent a deficiency 
from occurring. The right-hand side of this slide shows some commonly avail
able foods that are rich in vitamin A and the amounts women and children 
need to eat daily to obtain enough vitamin A. While the most concentrated sour
ces of vitamin A are provided by animal foods such as liver, meat, butter and 
eggs, plant foods are less costly. Under 6 months of age, breastfeeding alone is 
adequate; in the older infant, other foods, such as small amounts of carrots or 
spinach or ripe mango, are necessary in addition to breastmilk. 

...... POINT TO "6-11 MONTH" ..... 

If some of these foods are eaten in large amounts, the liver has the capacity to 
store several months' supply of vitamin A. To improve the absorption of 
vitamin A from plant sources, a moderate amount of fat in the diet is necessary. 

4
 



"'VITAMIN A DEFICIENCY: AN UPDATE" 

"INTERVENTIONS" 

* 	 Foi tunately, several options exist for preventing and controlling vitamin A 
deficiency. Usually;, a combination of interventions is needed. 

......
POINT TO "NUTRITION EDUCATION"..... 

Nutrition education on consuming good sources of vitamin A can help families 
and communities ensure that the most vulnerable groups regularly get enough 
vitamin A. At times, however, local foods may not be readily available, so other 
interventions may become an important part of the strategy. 

...... POINT TO "HORTICULTURE" ..... 

In arpzis where food sources are unavailable or expensive, simple food preserva
tion and gardening can bridge the gap. 

...... POINT TO "FORTIFICATION" ..... 

Where a large proportion of high-risk families consume centrally-processed 
foods, and the food industry is advanced, fortification is an excellent option. 

...... POINT TO "SUPPLEMENTS" ..... 

To provide therapeutic doses of vitamin A to severely depleted cases, and 
where other options cannot be relied upon, high-dose capsules containing 
200,000 IU of vitamin A should be used. 

"NUTRITION EDUCATION" 

...... POINT TO "HOW" ..... 

The nutrition education process consists of audience research or formative re
search to understand the audience better. This is followed by developing mes
sages and 	materials that are appropriate for each segment of the audience. 
Next, mini-trials are needed to refine the messages and materials so that they 
are practical and effective. The content of messages can be similar across target 
groups, but the choice of words, manner of presentation, and channels or media 
used for each segment of the population often have to be tailored to the 
segment's needs. 

......READ 	FROM LOWER PART OF SLIDE ...... 
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"SUPPLEMENTS"
 

Tho use of vitamin A supplements is widespread. These are most often dis
tributed as capsules costing about 2 U.S. cents per dose of 200,000 IU. They can
be ordered from country offices of UNICEF. A liquid concentrate is also avail
able. The simplicity of vitamin A supplement distribution allows a laige rum
ber of delivery systems to be used. 

...... READ FIRST FEW BULLETS FROM SLIDE ...... 

"PREVENTION SCHL)ULE" 

Because vitamin A is stored in the liver and released gradually as needed, sup
""LIl f)n 	 plements need not be consumed daily. The schedule shown here is recom

mended by WHO/ IVACG for prevention in areas or groups at high risk of 
vitamin A deficiency. Note that reproductive age women should not consume 
high doses of vitamin A because of potential harm to the fetus. The exception to 
this rule is giving one high dose to mothers immediately after delivery Lip to 
the first four weeks post-partum, when the chances of being pregnant are al
most nil. Also note that infants in the 6-11 month age group and those weighing 
Under 8 kilograms should receive only half the dose. 

"TREATMENT SCHEDULE" 

WHO and the International Vitamin A Consultative Group or IVACG have 
recommended a treatment schedule for vitamin A-deficient children and adults .-LQ:E who show clinical eye signs. This schedule consists of pitoviding a daily dose of 

g 200,000 IU of vitamin A on two consecutive days, followed by a third dose of 
200,000 iU after four weeks, if contact at this time is possible. New research on 
measles mortality reduction has shown that all cases of measles should also 
receive at least two oral doses of 200,000 IU of vitamin A. 

"FORTIFICATION" 

Food fortification is another way of delivering vitamin A. This method avoids 
the need to change food habits, becau';e a food that is already a part of the usual 
diet is used as a vehicle to carry the synthetic vitamin A. In order to be effective, 
the food vehicle should have these attributes 

...... READ BULLETS FROM SLIDE ...... 



"VITAMIN A DEFICIENCY: AN UPDATE" 

"IMPACT OF FORTIFICATION" 

The potential effectiveness of fortification in controlling vitamin A deficiency is 
seen in this slide from Guatemala, where the prevalence of deficient serum 
levels fell significantly within a few months after the fortification of sugar was 
started. 

"COMPARING INTERVENTIONS" 

Some of the characteristics of the four major vitamin A interventions have been 
simplified here to point out major similarities and differences among them. 
Country-specific analyses should be conducted of the suitability of each inter
vention before deciding on the best combination. 

...... POINT TO THE "NEEDS" COLUMN ...... 

Nutrition education and gardening have the least number of utique pre-requisi
tes, and both of these interventions can be and are sustained by communities. 
However, only high-dose supplements can meet the recuperative needs of in
dividuals who are already deficient. Both supplements and fortification require 
synthetic vitamin A that must be imported. The unique advantages of each in
tervention are shown in the last column. 

......POINT TO THE LAST COLUMN ...... 

"EACH PROGRAM WILL NEED" 

Regardless of the mix of interventions selected, each program will need these es
sential elements. 

......READ FROM THE SLIDE. 

"FIELD SUPPORT PROJECT: VITAL" 

......
READ FROM SLIDE ...... 

Because of the renewed interest in vitamin A deficiency worldwide, a range of 

organizations provide program resources for strengthening vitamin A activities. 

......READ "OTHER SOURCES" FROM THE SLIDE ...... 

There may be other organizations in your region. 
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"CARENCE EN VITAMINE A: NOUVELLES CONNAISSANCES" 

"CARENCE EN VITAMINE A: NOUVELLES CONNAISSANCES"
 

Durant ces derni~res ann~es, d'importantes dcouvertes sur le problme de la 
carence en vitamine A ont profondrnent modifi6 la manire dont nous 
planifions, mettons en oeuvre et 6valuons les activit~s conques pour le combat
tre. Quiconque se consacre sauver des vies humaines et i amuliorer le bien
tre des enfants et des nourrissons, qu'il s'agisse de responsables politiques ou 

d'agents communautaires b6n6voles, verra un int~rt direct dans ces 
nouveaut~s et les trouvera particulirement encourageantes. 

"SIGNES CLINIQUES" 

La carence en vitamine A r~duit l'humidit6 de tous les 6pithlium en 
produisant d'abord une situation de s~cheresse et ensuite une perturbation 
structurelle. Les dommages caus~s aux 6pith~lium oculaires et les pertuibations 
de la vision sont les ph~nomhnes qui frappent le plus car ils sont directement 
observables lorsque la carence est grave. C'est pourquoi on leur accorde une 
grande importance, car ces ph~nom~nes sont frequents dans de nombre~ux 
pays en d~veloppement. 

"LA VITAMINE A ET LES TISSUS D'EPITHELIUM" 

L'on sait depuis longtemps que l'une des principales fonctions de la vitamine A 
est de prot~ger l'int~grit6 de l'6pith~lium, c'est-h-dire les tissus qui recouvrent 
l'organisme, tels que la peau ou les membranes muqueuses qui tapissent le tube 
digestif et les appareils respiratoire et urinaire. On retrouve 6galement de 
l'6pith~lium dans l'oeil: dans la conjonctive ou partie blanche, dans la corne 
qui est transparente et se trouve dans la partie centrale fonce, et dans la r~tine 
qui se trouve au fond de l'oeil et o6 se forment les images visuelles. 

"IMPORTANCE" 

Pourquoi la vitamine A suscite-t-elle un tel int~rt? La vitamine A 6tait 
considr~e par le pass6 comme un agent servant essentiellement Apr~venir la 
c~cit6, or il a 6t6 r6cemment 6tabli qu'elle contribuait dans une grande mesure A 
sauver la vie d'innombrables enfants et nourrissons. 

...... LIRE LEXTE DIAPOSITIVE ...... 

Fortes de ce constat, des institutions sp~cialises des Nations Unies telles que 
l'OMS, I'UNICEF et la FAO ainsi que de nombreux professionnels de la sant6 
des pays en d~veloppement d~ploient d'intenses efforts pour 6largir l'6ventail 
d'activit~s de distribution de vitamine A, tout particulirement dans les r~gions 
o6 sa carence est notable. Cette presentation donne un bref aperqu des rcentes 
6tudes qui d~montrent que la vitamine A peut r~duire la mortalit6, fait le point 
des connaissances sur les causes et les m~canismes des carences vitaminiques A 
et sur les groupes Arisque, met en lumi~re les interventions qui ont r~ussi et 
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donne des informations sur les sources d'information pour la mise en oeuvre de 
programmes. 

"INTERACTION AVEC INFECTIONS" 

Plusieurs 6tudes 6pid6miologiques ont d~montr6 qu'il existe Lln rapport
6vident entre la carence vitarninique A et la mortalit6 juv6nile. D'une part,
lorsque les niveaux de vitamine dans le sang sont insuffisants, le risque de 
mortalit6 d6 i des maladies infectieuses augmente considerablemert, peut-&tre 
par suite de perturbations dans le systhme immunitaire. Par ailleurs les 
maladies infectieuses precipitent ou aggravent les carences marginales de 
vitamine A, rduisant ainsi les niveaux de r6tinol circulant et entrainant dans 
bien des cas, l'apparition de signes cliniques de carence. Les effets des carences 
sur le risque de mortalit6 ont 6galement 6t d6montr6s dans des communaut6s 
ou l'hypovitaminose A est marginale ou subclinique. 

"INCIDENCE SUR LA MORTALITE JUVENILE" 

Plusieurs 6tudes ont mis en 6vidence le r6le de la vitamine A dans ]a reduction 
de la mortalit6. 

...... SIGNALER LA PREMIERE BANDE ..... 

Pour cette 6tude en Indon~sie, des enfants ont requ deux doses de 200 000 IU de 
vitamine A par an. 

......SIGNALER LA DEUXIEME BANDE ...... 

Pour cette 6tude r6alis6e en 1988, 'on a utilis6 du glutamate de monosodium en

richi h la vitamine A. 

......SIGNALER LA TROISIEME BANDE ...... 

En Inde, les doses hebdomadaires de vitamine A fournies 6taient 6gales aux 
doses recommand~es dans la ration alimentaire. 

......SIGNALER LA QUATRIEME BANDE ...... 

Pour cette 6tude, deux doses de 200, 000 IU ont 6t6 distributes avec un inter
valle de six mois. Toutefois, quelques sujets n'ont pas pu tre suivis pour 
l' valuation finale. 

......SIGNALER LA DERNIERE BANDE ...... 

Dans le cadre de cette 6tude r6alis6e au N~paI, des enfants ont requ des doses 
chaque trimestre. 

9 
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"EFFET SUR LA MORTALITE DUE A LA ROUGEOLE"
 

Trois 6tudes ont d~montr6 que lorsque des enfants souffrant de rougeole aigu6 
recevaient au moins deux doses de vitamine A de 200 ( 10 IU, le nombre de com
plications et de d6c~s 6tait r~duit de moiti6. D'autres 6tudes menses en Afrique 
ont donn6 des r~sultats comparables mme avec des enfants provenant de 
communaut6s qui ne semblaient pas souffrir d'un grave problme de carence 
en vitamine A. 

"LE CYCLE DE LA VITAMINE A" 

Ce diagramme indique les divers points de l'organisme oit la consommation et 
l'utilisation de la vitamine A se produisent. La vitamine A prdformde active, ou 
r~tinol, ne se trouve que dans les aliments d'origine animale tels que le foie, le 
lait et les oeufs. Les pigments de carotene contiennent tin pr6curseur inactif qui 
est transform6 en vitamine A active, principalement dans l'intestin. Les 
complments vitaminiques A oraux se pr~sentent gdn6ralement sous forme de 
palmitate de r6tinol. 

...... SIGNALER "INTESTIN" ET "BETA-CAROTENE 4 RETINOL" ..... 

La consommation de lipides est necessaire pour l'assimilation du carotene. 
Apr~s absorption, la vitamine A, sous forme d'esters de retinol, passe ensuite 
au foie. 

...... SIGNALER "FOIE" ...... 

Lorsque l'organisme en a besoin, il libre de la vitamine A sous forme de com
plexe r~tino-prot~inique qui circule dans le sang pour atteindre divers points de 
l'organisme o6 elle contribue i d'importantes fonctions telles que l'immunit6, 
i'adaptation A l'obscurit6 au moyen de photo-rdcepteurs et l'entretien de la 
membrane des cellules 6pith~liales. On utilise des techniques d'6valuation pour 
mesurer la vitamine A , diverses 6tapes de son cycle. Ces mesures servent, 
leur tour, ) determiner l'6tat du sujet en vitamine A. 

"METHODES ET CRITERES D'EVALUATION" 

On utilise en g~nfral une combinaison de plusieurs m6thodes pour 6valuer 
l'6tat vitaminique d'un sujet. Ces mthodes rel~vent de quatre categories. 

......LIRE LEUR NOM ...... 

L'Organisation mondiale de la sant6 a d~fini un certain nombre de crit~res pour 
d6terminer si une communaut6 souffre d'une carence en vitamine A posant un 
grave probl~me de santo publique. Ces critres reposent sur des signes 
oculaires et des niveaux sdriques. 
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...... LIRE CRITERES SOUS "SIGNES CLINIQUES" ET "NIVEAUX SAN-
GUINS" ..... 

"GRAVITE DU PROBLEME" 

On estime que dans le monde entier 43 millions d'enfants souffrent de carence 
en vitamine A. Tous les pays en d~veloppemcnt sont touches. Au Sommet Mon
dial de l'Enfance, en 1990, des objectifs ont t6 fixes et appuyes par les 
dirigeants de soixante pays. 

...... LIRE "OBJECTIF MONDIAL" AU BAS DE LA DIAPOSITIVE ...... 

"FACTEURS DE RISQUE" 

A l'intrieur d'une r~gion ou d'un pays, certaines populations sont expos~es i 
plus de risques que d'autres. Les deux diapositives suivantes r~sument certains 
des facteurs de risque connus qui pr~disposent un individu ou une 
communaute Ala carence en vitamine A. 

...... LIRE LA DIAPOSITIVE ...... 

"FACTEURS DE RISQUE (suite)" 

.....LIRE LA DIAPOSITIVE ...... 

Ces groupes souffrent de carences vitaminiques car leurs besoins d~passent lar
gement leur consommation et leurs reserves h~patiques sont faibles. 

"LES SOURCES DE LA VITAMINE A" 

La vitamine A se trouve g~nralement dans la nature. Les aliments d'origine
animale tels que foie, poisson, lait - y compris le lait maternel, ]a viande, et les 
oeufs contiennent du r~tinol preform& Les sources veg~tales telles que les fruits 
et les legumes contiennent du b~ta-carot~ne. La vitamine A est aussi disponible 
sous forme de complments - en capsules ou en sirop. Ceux-ci peuvent tre 
utilis~s en cas d'urgence quand les reserves en vitamine A doivent tre 
reconstitu~es immediatement. 
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"BESOINS JOURNALIERS"
 

De faibles quantit6s d'aliments riches en vitamine A suffisent pour prevenir les 
carences. A droite sur cette diapositive vous pouvez voir Line liste d'aliments 
courants riches en vitamine A accompagn~e des quantit~s que les femmes et les 
enfants doivent consommer quotidiennement pour recevoir suffisamment de 
vitamine A. Les sources les plus concentr~es de vitamine A sont certes les ali
ments d'origine animale mais les aliments d'origine v~g~tale sont moins 
cofiteux. Lorsque le nourrisson a moins de six mois, le lait de la m&e suffit. 
Chez les enfants plus ig6s, d'autres aliments tels que de petites quantitos de 
carottes, d'6pinards ou de mangue rnire sont 6galement n&essaires comme 
compl6ment au lait maternel. 

......SIGNALER "6-11 MOIS" ..... 

Si certains de ces aliments sont consomns en grandes quantit6s, le foie est 
capable d'emmagasiner pendant plusieurs mois la vitamine A qu'ils contien
nent. Pour faciliter i'assimilation de la vitamine A d'origine v6g6tale, la ration 
alimentaire doit contenir une quantit6 mod&r e de lipides. 

"INTERVENTIONS" 

Heureusement, il existe plusieurs options pour pr~venir et combattre la carence 
en vitamine A. 

En g~n~ral, il convient de combiner diverses interventions. 

......SIGNALER "EDUCATION EN NUTRITION" ..... 

L'6ducation en nutrition, en mettant l'accent sur l'importance de la consomma
tion de bonnes sources de vitamine A, peut aider les familles et les 
communaut~s ) fournir aux groupes les plus vuln6rables des apports en 
vitamine A Aintervalles r~guliers. Toutefois, dans certains cas, les aliments ne 
sont pas directement disponibles et d'autres interventions doivent donc entrer 
en ligne de compte dans la strat6gie. 

......SIGNALER "HORTICULTURE" ...... 

LA oi les sources d'alimentation sont indisponibles ou on6reuses, des techni
ques simples de conservation des aliments ou de jardinage peuvent offrir une 
solution. 

......SIGNALER "ENRICHISSEMENT" ...... 

Lorsqu'un grand nombre de familles consomment des aliments transform~s en 
un point centralis6 et que 1industrie alimentaire se trouve Atin degr6 de 
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d~veloppement avanc6, l'enrichissement des aliments constitue une excellente 
option. 

......SIGNALER "COMPLEMENTS" ..... 

Lorsque des doses th6rapeutiques de vitamine A s'imposent dans des cas de 
carence prononcee et lorsqu'aucune autre option n'est disponible, des capsules 
contenant 200 000 IU de vitamine A devraient tre utilisdes. 

"EDUCATION EN NUTRITION" 

....... SIGNALER "MODALITES" ..... 

Le processus d'6ducation en nutrition comprend un travail de recherche sur le 
public destinataire et sur le processus mime de formation, afin de mieux com
prendre les groupes ? atteindre. Cette tache est suivie de la mise au point de 
messages et de supports 6ducatifs se pr~tant ) ces groupes. Ensuite, des essais 
d'envergure modeste sont n6cessaires pour rendre les messages et les supports 
encore plus pertinents, pratiques et efficaces. Le contenu des messages peut tre 
le mme pour divers groupes, mais le choix des mots, la pr6sentation du mes
sage et les canaux ou media Utilises pour chaque groupe de population 
pr~sentent g6n~ralement une certaine sp~cificit6. 

......LIRE BAS DE LA DIAPOSITIVE ...... 

"DISTRIBUTION DE COMPLEMENTS" 

L'utilisation de complments de vitamine A est largement rpandue. Ces
compl~ments sont le plus souvent distribu~s sous forme de capsules cocitant en

viron 0,02 dollars EU par dose de 200 000 IU. Ils peuvent tre commandos 
auprbs des bureaux de l'UNICEF dans les divers pays. La simplicit6 de la dis
tribution de compl~ments de vitamine A permet de faire appel Atoute une 
vari6t6 de systhmes logistiques. 

......LIRE LES QUELQUES PREMIERS POINTS DE LA DIAPOSITIVE ...... 

"CALENDRIER DE PREVENTION" 

La vitamine A 6tant emmagasin~e dans le foie et relch6e progressivement en 
fonction des besoins, il n'est pas ncessaire de consommer des complments 
vitaminiques tous les jours. Le calendrier prdsent6 sur cette diapositive est 
recommand6 par l'OMS/IVACG pour la pr6vention des carences dans les 
r6gions ou les groupes presentant un risque particulibrement 6lev6. I1convient 
de noter que les femmes en 5ge de procr6er ne doivent pas consommer de for
tes doses de vitamine A car cela risque de porter pr6judice au foetus. I1est une 
exception c cette r~gle qui consiste a donner une forte dose la mre juste apr~s 
l'acco ,chement Ou durant les quatre premibres semaines post-partum, 6poque 
durant laquelle le risque de nouvelle grossesse est quasiment nul. I1convient en 
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outre de noter que les enfants de 6 2 11 mois et ceux qui p~sent moins de 8 kg 
ne doivent recevoir que la moiti6 de cette dose. 

"CALENDRIER DE TRAITEMENT" 

L'OMS et le Groupe consultatif international sur la vitamine A (IVACG) recoin
mandent un calendrier de traitement pour les enfants et les adultes pr~sentant 
des carences en vitamine A et accusant des sympt6mes oculaires. Ce calendrier 
consiste h administrer une dose journalire de 200 000 IU pendant deux jours 
cons~cutifs, ptiis une troisibme dose de 200 000 IU ati bout de qua re semaines. 
De recentes 6tudes sur la mortalit6 attribuable Ala rougeole rv&lent 6galement 
que tous les cas de rougeole doivent 6galement recevoir au moins deux doses 
orales de 200 000 IU de vitamine A. 

"ENRICHISSEMENT" 

L'enrichissement des aliments est tine autre modalit6 d'administration de 
vitamine A. Cette m~thode permet de ne pas modifier les habitudes alimen
taires 6tant donn6 que l'on utilise les aliments couramment consomms comme 
support de la vitamine A synth6tique. Pour tre efficaces, ces aliments support 
doivent presenter les caract6ristiques suivantes 

...... LIRE LES POINTS DE LA DIAPOSITIVE ...... 

"EFFET DE L'ENRICHISSEMENT" 

Cette diapositive portant sur le Guatemala, oi la pr&valence des carences 
s6riques a consid~rablement baiss6 en quelques mois, aprbs la rise en oeuvre 
d'un programme d'enrichissement du sucre, donne tine id~e de l'efficacit6 que 
peut avoir un piogramme d'enrichissement dans la lutte contre ]a carence 
vitaminique A. 

"COMPARAISON DES INTERVENTIONS" 

Cette diapositive pr6sente sous forme synoptique certaines des caract&istiques 
des quatre principales intervu.tJions de promotion de la vitamine A, et men
tionne leurs differences ainsi que leurs similitudes. Des analyses devraient tre 
r6alisdes dans chaque pays pour d~cider de 1oppoltunLit des diverses interven
tions et de la meilleure combinaison. 

......SIGNALER LA COLONNE "BESOINS ..... 

L'6ducation en nutrition et la culture depotagers pr6sentent le moins de condi
tions prdalablement requises; en outre ces detix interventions peuvent 6tre 
mises en oeuvre durablement, et le sont d'ailleurs, sur le plan coMimunautaire. 
Toutefois, setls des compl6ments ) forte dose peuvent avoir une fonction 
r6Cup6ratrice chez los sujets souffrant d6j,) de carences. Les complements et 
l'enrichissement exigent de la vitamine A sous forme synth~tique devant tre 
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"CARENCE EN VITAMINE A: NOLIVELLF, CONNAISSANCES" 

import~e. Les avantages sp~cifiques de chaque type d'intervention figurent 
dans la dernire colonne. 

......SIGNALER LA DERNIERE COLONNE ...... 

"ELEMENTS DE PROGRAMME" 

Ind6pendamment de la combinaison d'interventions retenue, chaque 
programme aura besoin de ces 61ments essentiels. 

......LIRE LA DIAPOSITIVE ...... 

"PROJET DE VITAMINE A: VITAL" 

......LIRE LA DIAPOSITIVE ...... 

Compte tenu du regain d'int~rt A1'6gard de la carence en vitamine A dans le 
monde entier, un grand nombre d'organisations mettent leurs ressources Ala
 
disposition des programmes de promotion de la vitamine A.
 

......LIRE "AUTRES SOURCES" SUR LA DIAPOSITIVE ......
 

D'ailleurs il existe peut-&tre d'autres organisations dans votre region.
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"DEFICIENCIA DE VITAMINA A: AVANCES RECIENTES"
 

En los i1timos afios hemos adquirido importantes conocimientos acerca del 
problema de la deficiencia de vitamina A que han cambiado radicalmente la 
forma en que planificamos, ejecutamos y evaluamos las actividades destinadas 
a subsanar di,:ho problema. Estos conocimientos seguramente habrin de alen
tar y contribuir en forma importante a la labor de todas las personas inter.. 
esadas en mejorar la sobrevivencia y el bienestar de los infantes y nifios 
pequefios, desde los responsables de la formulaci6n de politicas hasta los 
trabajadores comunitarios de salud. 

"SIGNOS CLINICOS" 

La deficiencia de vitamina A disminuye la humedad de todos los epitelios, 
produciendo inicialmente sequedad y posteriormente alteraciones en su estruc
tura. Los dafios en los epitelios oculares, asf como las alteraciones de la funci6n 
visual, son los que m~s llarnan la atenci6n porque son observables a simple 
vista cuando la deficienia es severa. Por eso se les ha dado tanta importancia, 
pues se ven con frecuencia en muchos paises en via de desarrollo, aunque no 
tanto en Am6rica Latina y el Caribe. 

"LA VITAMINA A Y LOS EPITELIOS" 

Desde hace mucho tiempo se sabe que una de las funciones principales de la 
vitamina A es la de proteger la integridad de los epitelios o tejidos de reves
timiento del organismo, tales como la piel y las membranas mucosas que 
tapizan el tubo digestivo y los aparatos respiratorio y urinario, ademAs de los 
epitelios del ojo. El dafio que la deficiencia de la vitamina A produce en los 
epitelios gastro-intestinal y respiratorio puede facilitar la penetraci6n de los 
agentes infecciosos y aumentar el riesgo de que los nifios se enfermen y mueran 
de diarrea y enfermedades respiratorias. 

"IMPORTANCIA" 

Por qu6 la vitamina A ha cobrado nueva importancia? Antes considerada prin
cipalmente como un agente para la prevenci6n de la ceguera, hoy en dia se ha 
descubierto que la vitamina A puede ayudar a salvarle la vida a los infantes y 
los nifios pequefios. Recientemente se ha encontrado que la deficiencia mar
ginal o sub-clfnica de vitamina A es muy frecuente en America Latina y el 
Caribe. 

...... LEER LA DIAPOSIII VA ...... 

Impulsados por dichos hallazgos, los organismos de las Naciones Unidas como 
la OMS, UNICEF y la FAO, y numerosos profesionales de la salud en los parses 
en desarrollo estin desplegando grandes esfuerzos para ampliar la gama de ac
tividades de promoci6n de la vitamina A, particularmente en las zonas donde 
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"DEFICIENCIA DE VITAMINA A: A VANCIIS RI.CIINIIS" 

las poblaciones carecen de dicha vitamina. Esta presentaci6n incluye una breve 
resefia de los estudios recientes que demuestran los efectos de ia vitamina A en 
la reducci6n de la mortalidad, los conocimientos actuales sobre las causas y las 
manifestaciones de la deficiencia de vitamina A, las poblaciones vUlnerables, 
las intervenciones eficaces y las posibles fuentes de recursos para los programas. 

"INTERACCION CON INFECCIONES" 

Varios estudios epidemiol6gicos han demostrado que existe una clara 
interacci6n entre la deficiencia de vitamina A y la morbilidad en los nifios. Por 
un lado, cuando los niveles sangineos de la vitamina son deficientes, el riesgo 
de morbilidad por enfermedades infecciosas aumenta significativamente, 
posiblemente como resultado de alteraciones en los mecanismos de inmunidad. 
Por otro lado, las enfermedades infecciosas precipitan o agravan la deficiencia 
marginal de vitamina A, reduciendo los niveles de retinol circulante y, en 
muchos casos, causando la aparici6n de signos clfnicos de ]a deficiencia. Los 
efectos de la deficiencia sc han demostrado tambi6n en comunidades en donde 
la hipovitaminosis A es marginal o subclfnica. 

"IMPACTO SOBRE LA MORTALIDAD INFANTIL" 

Varios estudios han demostrado que ]a vitamina A contribuye a ]a reducci6n de 
la mortalidad. 

......
SENALAR LA PRIMERA COLUMNA A MANO IZQUIERDA ...... 

En este estudio realizado en Indonesia, los nifios recibieron dos dosis de 200.000 
UI de vitamina A por afio. 

......SENALAR LA SEGUNDA COLUMNA ...... 

En este estudio lievado a cabo en 1988, se utiliz6 glutamato monos6dico for
tificado con vitamina A. 

......SENALAR LA TERCERA COLUMNA ...... 

En la India, se administraron dosis semanales de vitamina A equivalentes a la 
ingesta diet6tica recomendada. 

......SENALAR LA CUARTA COLUMNA ...... 

En este estudio, se distribuyeron dos dosis de 200.000 UI cada una con Lin inter
valo de seis meses; sin embargo, no se pudo hacer el seguimiento y la 
evaluaci6n final de algunos de los sujetos. 

......SENALAR LA ULTIMA COLUMNA ...... 

En este estudio en Nepal, los nifios recibieron dosis trimestrales de 200.000 UI. 
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"IMPACTO SOBRE LA MORTALIDAD POR SARAMPION"
 

Tres estudios revelaron que con la administraci6n de un minimo de dos dosis 
de 200.000 UI de vitamina A a los nifhos con casos serios de sarampi6n se 
lograba reducir el n6mero de muertes y de complicaciones a la mitad. Otros es
tudios realizados en Africa arrojaron resultados similares, a6n cuando los nifios 
provenian de comunidades que no tenfan un problema grave de deficiencia de 
vitamina A. 

"PROCESOS METABOLICOS DE LA VITAMINA A" 

Este diagrama muestra los puntos en el cuerpo en que se producen la ingesta y 
la utilizaci6n de vitamina A. La vitamina A activa preformada, o retinol, se en
cuentra finicamente en los alimentos de origen animal como el hifgado, la leche 
y los huevos. Los pigmentos de caroteno contienen un precursor inactivo que 
los intestinos transforman en vitamina A activa. Los suplementos orales de 
vitamina A son generalmente en forma de palmitato de retinol. 

......SENALAR "INTESTINO" Y "BETA-CAROTENO 4 RETINOL" ..... 

El consumo de grasas es necesario para la absorci6n de los carotenos. Tras la 
absorci6n, la vitamina A se concentra en el higado. 

......SENALAR "HIGADO" ..... 

A medida que lo requiere el cuerpo, la vitamina A es secretada como un com
plejo de retinol y proteina, que circula en la sangre y Ilega a los diferentes pun
tos donde es utilizada para funciones importantes como la inmunidad, la 
adaptaci6n a la oscuridad por los foto-receptores y el mantenimiento de los 
epitelios de las membranas celulares. Se utilizan t6cnicas de evaluaci6n para 
medir la vitamina A en los distint[.s puntos de su recorrido. Estas mediciones, a 
su vez, son utilizadas para determinar el estado de vitamina A. 
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"METODOS Y CRITERIOS DIAGNOSTICOS" 

Por lo general, se utiliza una combinaci6n de metodos para evaluar el estado de 
vitamina A. Pueden clasificarse en las siguientes categorias. 

......
LEER LOS NOMBRES DE LAS CATEGORIAS ...... 

La Organizaci6n Mundial de la Salud ha elaborado una serie de criterios para
determinar si una comunidad tiene Lin problema de salud pdiblica grave de 
deficiencia de vitamina A. Se basan en los signos oculares y los niveles s~ricos. 

......
LEER LOS CRITERIOS ...... 

"CATEGORIZACION DE LOS PAISES DE LA REGION" 

En 1988, la OMS clasific6 diez parses de Latinaoamn6rica y el Caribe en tres 
grupos segcin la magnitud del problema de deficiencia, de acuerdo con los 
datos disponibles en ese momnifento. Con el desarrollo de nuevas tcnicas de 
diagn6stico cuya sensibilidad permite informaci6n ms completa sobre el es
tado nutricional de vitamina A en algunos paises, se necesita revisar la lista de 
1988. 

"FACTORES DE RIESGO" 

En determinadas regiones y paises, el riesgo para algunos miembros de la 
poblaci6n es mayor que para otros. Las dos diapositivas siguientes resumen al
gunos de los factores de riesgo que hacen que determinadas personas o corn
unidades tengan propensi6n a la deficiencia de vitarnina A. 

......
LEER EL CONTENIDO DE LA DIAPOSITVA ...... 

"FACTORES DE RIESGO (continuaci6n)" 

.... LEER LA DIAPOSITIVA ...... 

En dichos grupos, la deficiencia de vitamina A se produce porque la cantidad 
ingerida es inferior a la necesaria y las reservas hepiticas son insuficientes. 
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"FUENTES DE LA VITAMINA A"
 

La vitamina A se encuentra ampliamente en la naturaleza. Entre las fuentes 
ricas de vitamina A se encuentran los vegetales intensamente verdes o intensa
mente rojos y amarillos. La came, la leche, los huevos, el higado y el aceite de 
higado de bacalao son fuentes ricas en retinol. La leche materna es la fuente 
principal para lactante. 

"REQUERIMIENTOS DIARIOS" 

La deficiencia puede prevenirse con cantidades pequefias de alimentos ricos en 
vitamina A. Al lado derecho en esta diapositiva se presentan algunos de los 
alimentos disponibles con alto contenido de vitamina A y las cantidades que 
deberian consumir diariamente las mujeres y los nifios para obtener suficiente 
vitamina A. Si bien los alimentos de origen animal, como el higado, la came, la 
mantequilla y los huevos, constituyen las fuentes con mayor concentraci6n de 
vitamina A, los alimentos de origen vegetal son mAs econ6micos. Para los nifios 
menores de seis meses, es suficiente la lactancia materna; despu6s, se requieren 
pequefias cantidades de otros alimentos como las zanahorias, la espinaca o el 
mango maduro, ademAs de la leche materna. 

......SENALAR "6-11 MESES" ..... 

En caso de que se consuman grandes cantidades de dichos alimentos, el hfgado 
tiene la capacidad para almacenar reservas de vitamina A para varios meses. 
Para mejorar la absorci6n de vitamina A a partir de los alimentos de origen 
vegetal, es necesario consumir una cantidad moderada de grasas. 

"ACCIONES" 

Afortunadamente, existen varias alternativas para prevenir y luchar contra la 
deficiencia de vitamina A. Por lo general, se require una combinaci6n de inter
venciones. 

......SENALAR "EDUCACION NUTRICIONAL" ..... 

La educaci6n nutricional es fundamental para recalcar c6mo el consumo de 
buenas fuentes de vitamina A puede ayudar a las familias y comunidades a 
asegurar que los grupos mis vulnerables reciban cantidades suficientes de 
vitamina A en forma regular. Sin embargo, en aquellos casos en que no se dis
pone de alimentos locales, otras intervenciones pueden convertirse en elemen
tos importantes de la estrategia. 

......SENALAR "HORTICULTURA" ...... 

En las zonas carentes de fuentes alimentarias o donde 6stas son costosas, la 
conservaci6n de los alimentos y la horticultura pueden colmar la brecha. 
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......
SENJALAR "FORTIFICACION" ...... 

La fortificaci6n constituye una excelente alternativa en aquellos casos en que 
una gran proporci6n de las familias de alto riesgo consume alimentos 
elaborados centralmente y se dispone de una industria alimentaria avanzada. 

......
SENALAR "SUPLEMENTOS" ...... 

En los casos en que la deficiencia es grave y es necesario suministrar dosis 
terap~uticas de vitamina A, y no es posible depender de otras alternativas, 
deben utilizarse cpsulas de vitamina A. 

"EDUCACION NUTRICIONAL" 

......
SENALAR "COMO"..... 

El proceso de educaci6n nutricional consiste en una investigaci6n formativa 
para llegar a conocer mejor las prActicas alimentarias y sus determinantes. 
Luego se elaboran mensajes y materiales apropiados para cada segmento de la 
poblaci6n objetivo. A continuaci6n, se realizan mini-ensayos para perfeccionar
los mensajes y materiales para que sean pricticos y eficaces. El contenido de los 
mensajes debe ser similar para todos los grupos blanco, si bien el lenguaje, el 
modo de presentaci6n y los canales o medios utilizados deberAn ser diferentes 
para cada segmento 

......LEER LA PARTE INFERIOR DE LA DIAPOSITIVA ...... 

"DISTRIBUCION DE LOS SUPLEMENTOS" 

Los suplementos de vitamina A se utilizan en forma generalizada. Suelen dis
tribuirse en cApsulas que cuestan unos dos centavos de d6lar estadounidense 
por dosis de 200.000 UI. Pueden obtenerse en las oficinas de UNICEF en los 
paises. La simplicidad de la distribuci6n de los suplementos de vitamina A per
mite la utilizaci6n de numerosos sistemas de entrega. 

......LEER LAS PRIMERAS LINEAS DE LA DIAPOSITIVA ...... 
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"ESQUEMA DE PREVENCION"
 

Dado que la vitamina A es almacenada en el hfgado y liberada en forma 
gradual, a medida que se requiere, no es necesario tomar suplementos en forma 
cotidiana. El esquerna que figura en esta diapositiva es el recomendado por 
OMS y el Grupo Consultivo Internacional de Vitamina A (IVACG) para la 
prevenci6n de la deficiencia de vitamina A entre los grupos y zonas de alto ries
go. Observen que las mujeres de edad fecunda no deben consumir grandes can
tidades de vitamina A debido al dafio potencial al feto. La excepci6n a esta 
regla consiste en la administraci6n de una dosis elevada de vitamina A a las 
madres inmediatamente despu6s del parto y hasta la cuarta semana sub
siguiente, cuando las probabilidades de otro embarazo son pricticamente 
nulas. Adem~is, los infantes entre los 6 y los 11 meses de edad y aquellos que 
pesan menos de ocho kilogramos deberin recibir la mitad de la dosis. 

"ESQUEMA DE TRATA MIENTO" 

La OMS y el Grupo Consultivo Internacional de Vitamina A (GVACG)han 
recomendado un esquema de tratamiento para los nifios y adultos con deficien
cia de vitamina A que presentan manifestaciones oculares. Este consiste en una 
dosis diaria de 200.000 U! por dos dias consecutivos, seguida por una tercera 
dosis de 200.000 U! cuatro semanas mAs tarde. Las investigaci6nes recientes 
acerca de la reducci6n de la mortalidad por sarampi6n ha demostrado que en 
todos los casos de sarampi6n deben administrarse tambi~n al menos dos dosis 
de 200.000 U! de vitamina A por via oral. 

"FORTIFICACION" 

La fortificaci6n de los alimentos constituye otro medio de proporcionar 
vitamina A. Con este m~todo no es necesario cambiar los hibitos de nutrici6n, 
dado que los alimentos utilizados como vehfculos para la vitamina A sint6tica 
ya forman parte de la dieta usual. Para ser eficaces, los alimentos seleccionados 
deben tener las siguientes caracteristicas. 

...... LEER LA DIAPOSITIVA ...... 

"IMPACTO DE LA FORTIFICACION" 

Como lo demuestra esta diapositiva de Guatemala, la eficacia potencial de la 
fortificaci6n para controlar la deficiencia de vitamina A es evidente. La 
prevalencia de los niveles sricos deficitarios disminuy6 fuertemente a los 
pocos meses despu~s de iniciada de fortificaci6n del azdcar. 
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"COMPARACION DE LAS ACCIONES" 

En esta diapositiva se resumen las caracterfsticas de los cuatro principales tipos
de intervenciones con el fin de comparar las similitudes y las diferencias. Deben 
realizarse anilisis especfficos por pafs para determinar la idoneidad de cada 
intervenci6n antes de decidirse por una combinaci6n. 

......
SENALAR LA COLUMNA "NECESIDADES" ..... 

La educaci6n nutricional y ]a horticultura tienen el menor nilmero de requisitos
previos, y ambas intervenciones pueden ser y son sostenidas por las com
unidades. Sin embargo, los suplementos de dosis 6nica pueden satisfacer las 
necesidades de las personas que ya padecen de deficiencias. Tanto los 
suplementos como la fortificaci6n requieren la importaci6n de vita
mina A sint~tica. En la dltima columna figuran las ventajas particulares de cada 
intervenci6n. 

......SENALAR LA ULTIMA COLUMNA ...... 

"ELEMENTOS DE UN PROGRAMA" 

Independientemente de ]a combinaci6n de intervenciones, todo programa 
deberMi contar con los siguientes elementos esenciales. 

......LEER 	LA DIAPOSITIVA ...... 

"PROYECTO DE APOYO A LA VITAMINA A: VITAL" 

S.....LEER LA DIAPOSITIVA ...... 

En vista del renovado inter6s mundial en la deficiencia vitamina A, toda una 
A 	 gama de organizaciones est~in ofreciendo programas para fortalecer las ac

tividades relacionadas con la vitarnina A. 

......LEER "OTRAS FUENTES" EN LA DIAPOSITIVA ...... 

Podrfan existir otros organismos en su regi6n particular. 
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risk in deficient infants and children 

0 	 Simple, inexpensive interventions; 
can be added to existing programs 

4 	 Widely present in nature and available 
in synthetic forms 



Vitamin A deficiency < n Morbidity 

Epidemiologic Studies 

Even marginal or subclinical deficiency is 
associated with increased risk of mortality 

Infections precipitate vitamin A deficiency 
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Over 124 million children under five years of age 

Global Target: "Virtual elimination of vitamin A deficiency 
and its consequences, including blindness, by the year 2000" 



Diet - not breastfed, lacks meat, eggs, milk, 
green & yellow fruits and vegetables, 
low in fat sources, skim milk unfortified 

(Age - pre-school, post-weaning 

Ob Socio-Economic Status - poverty 

Health - protein-energy malnutrition, respiratory/ 
urinary/GI infections, measles 

EL
 



12 

Seasonal - period of food shortage, 
seasonal disease outbreaks when 
need is greater 

Emergencies - drought, refugee camps 

High-Risk Areas - arid rural areas; 
areas of marginal food production, 
high food prices, large seasonal 
fluctuations in vitamin A foods 
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PIREPARANDOSE . 

PARA TENER 
UNA BUENA LACTANCIA 
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How? 

Formative 
Research 

O Revise/Develop Messages, 
Materials 

Implement 

What ? 
4) Why important 

What 1,cal foods are best 
How to enrich weaning 
foods 

4 

(b 

Mini-Trials With 
Target Groups 

When and where to obtain 
supplements 
How to grow vitamin A-rich 
foods 

V.L'A 
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"A wide 
range of 
existing 
distribution 
channels 
can be used"' 

'6 

channls.: i' 

Immunization/EPI 

Diarrheal Disease Control/ORT 
Maternal and Child Health (MCH) 

Pediatric and Well-Baby Clinics 
Maternity and Newborn Care 

Family Planning 
Private Practitioners 

46 Primary Schools 

w_ 1_ 



Children 12-72 months 

Infants 6-11 months 
old and who weigh 
less than 8 kg 

Lactating mothers 

200,000 IU 
every 3-6 months 

100,000 lU 
every 3-6 months 

200,000 lU 
once at delivery or 
during the following 
4 weeks 



19 

Eye Signs of Vitamin A Deficiency 

For children 12-72 months old and adults except 

women of childbearing age 

5 * 7e*- - M7 ---70S 

Half dose or 100,000 IU for infants under 12 months or less than 8 kg 
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Food Vehicle Should Be: 
W Consumed by high-risk groups 
4 Consumed in consistent amounts 
0 Processed centrally 
0 Easily fortifiable with available technologies 

Examples: 
Butter, Margarine, Cooking Oil ....... U.S., Europe
 
Milk .................. U.S., Europe
 
Sugar............... Guatemala, El Salvador
 
MSG ................. Indonesia
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E Fortification Started 
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Long- Foreign
Needs Term Benefits Exchange Advantages 

Nutrition 
Education Y 3 

Supplements M Y Y 
Montoin Syse, Tramet -
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Training
 

Supplies
 

Policies, Guidelines
 

Technical Assistance, Funds
 

fMonitoring, Evaluation Systems 

(Nutrition Education, Formative/Consumer 
Research 
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40 USAID: Office of Nutrition/Washington, 
and country missions 

40 WHO, PAHO 

UNICEF 

FAO 

6 VITAP/HKI 

O IVACG 
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Risque de mortalit6 accru chez les 
enfants et les nourrissons souffrant de 
carences 

4 	 Des interventions simples et 
economiques peuvent etre ajoutees 
aux programmes existants 

4 	 Abondante dans la nature et 
disponible sous forme synthetique 
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Carence en vitamine A zz, z morbidite juvenile 

Etudes epidemiologiques 

Les carences marginales augment le risque 
de mortalite 

Les maladies infectieuses precipitent la 
carence en vitamine A 

.LA 
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Fonction * l 

Modalite 
... .. .
 

S - A . 

L ocal sat i ot d . ....... ..
.
 



Sigres et symptomes: 
- Hemeralopie/c%-cite nocturne > 1.0% 
- Xerosis corneenne/uIc6ration/keratomalacie > 0.01 % 
- Thches de Bit6t > 0.5%
 
- Cicatrices corneennes > 0.05%
 

Niveaux sanguins: 
- Retinol plasmique < 100 [tg/I > 5.0 % 
- Retinol plasmique < 200 [tg/I > 15.0% 

Ration alimentaire 
Autres methodes: 

- Cytologie a Impression Conjonctivale 
- Adaptomtrie a I'obscurit7 

IL! 
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Plus de 124 millions d'enfants de moins de cinq ans 

Objectif mondial: "Eradication virtuelle de la carence en vitamine A 
et de ses consequences, dont la c6cit6, d'ici ian 2000" 



4Alimentation - pas d'allaitement maternel, 
consommation insuffisante de viande, d'oeufs, de lait 
et de fruits et Igumes jaunes et verts, consommation 
faible de lipides, lait ecrem6 non enrichi 

46 Age - prescolaire, post-sevrage 

(bConditions socio-econorniques - pauvret6 

4Santev - malnutrition proteino-energetique, infections 

ITAL
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Saissonniers- pdriode de penurie alimentaire, 
poussees saisonnibres de maladies Iorsque 
les besoins sont plus dldvds 

Catastrophes - secheresse, camps de refugies 

Regions a haut risque - regions rurales arides, 
regions agricoles marginales, prix eleves des aliments, 
grandes fluctations saisonnieres des aliments riches 
en vitamine A 

.LrAL 
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• En plus de l'allaiterent maternel jusqu'A 24 mois.
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Modalites 

Recherche 
en formation 

Mise en lo= 
oeuvre 

Objet 
Raisons de son importance 
Meilleurs aliments locaux 
Comment enrichir les aliments 
de sevrage 

Revision, mise au point des 
messages/supports 

"Mini-essais" 
avec groupes cibles 

06 	 Quand et ou obtenir des 
compl6ments? 
Comment cultiver des 
aliments riches en vitamine A 



17 

Gi Vaccination/PEI 

.......... Lutte contre les maladies diarrh'iquesTRO 

"divers canaux 
de distribution 
d6ja existants" 

i 
Sante maternelle et infantile (SMI) 

Dispensaires de pediatrie 
Maternite et soins du nouveau - ne 

N Planification familiale 
a Practiciens prives 

46 Ecoles primaires 

VIT4L
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Enfants 12-72 mois 	 200000 IU
 
tous les 3 a 6 mois
 

Enfants 6-11 mois 100000 IU
 
et moins de 8 kg tous les 3 " 6 mois
 

rMres qui allaitent 	 200000 IlU 
une fois apres Iaccouchement 
ou dans les 4 semaines qui 
suivent 

VIML
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Signes oculaires de la carence en vitamine A 

Pour les enfants de 12-72 mosst les adultes, sauf les
 
femmes en Age de procreer
 

* Moiti6 de la dose ou 100000 IU pour les nourrissons de moins de
 

12 mois ou moins de 8 kg
 

VL44L 
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L'alimept enrichi doit etre: 
DConsomme par les groupes a haut risque 

4Consomme en quantites regulieres 
0Transform centralement 
Q Facile 'aenrichir avec les technologies disponibles 

Exemples: 
Beurre, margarine, huile....... Etats-Unis, Europe
 
Lait .................. Etats-Unis, Europe
 
Sucre............... Guatemala, El Salvador
 
Glutamate................. Indone'sie
 

LM L 
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.... Ddbut de enrichissement 
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Education 
nutritionelle 

Capsules/ 
complements 

S 
-

d 
* a 

0 V 

? 
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Horticulture - 6 P 0 

Enrichissement :s s - - 0 -

- te h lo jiw les ays, '. 
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Formation 

Fournitures 

Politique generate, lignes directrices 

Assistance technique, fonds 

Syste"mes de suivi et d'evaluation 

Education en nutrition, recherche 
formation/consommateur 
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4USAID: Office of Nutrition/Washington, 
et les misions 

b OMS 

4 UNICEF 

0FAQ 

40 VITAP/HKI 

IVACG 

IA4L
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r .jt dd -v am ea 4-p -S~- IA , 

40 Formation 
90 Evaluation 
Q Recherche appliqu~e 
fa Publications, information 
4Planification et 'valuation de programme 
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Evidencia de que su deficiencia
 
aumenta el riesgo de mortalidad y
 
morbilidad en los nifios
 

Q 	 Es facil incorporar las intervenciones a 
los programas existentes 

4La vitamina A est presente en la 
naturaleza y esta disponible en forma 
sinte'tica 

VIZIL 
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Deficiencia de Morbilidad por

vitamina A infecciones
 

Estudios epidemiol6gicos
 

4 	 La deficiencia aunque sea marginal o 
subclmnica, se asocia con mayor riesgo de 
morbilidad y mortalidad 

G 	Las enfermedades infecciosas agravan o 
precipitan la deficiencia 
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Signos/sintomas clinicos: 
-Ceguera nocturna > 1.0% 
-Manchas de Bitot > 0.5% 
- Xerosis corneal/uicer.aci6n corneal/queratomalacia > 

0.01% 
- Cicatriz corneal > 0.05% 

Niveles sanguineos: 
- Retinol en plasma < 10 [tg/dI > 5.0 % 
- Retinol en plasma < 20 Lgldl > 15.0% 

Consumo alimentario 
Otros metodos: 

-Citologia de Impresi'n Conjuntival 
-Adaptometria a la oscuridad WAL 



10 

A 
Significativo 

B 
Probable 

C 
Sin problema? 

OMS, 1988 

Brasil 
Haiti 

El Salvador 
Guatemala 
Honduras 

Bolivia 
Ecuador 
Jamaica 

Mxico 
PertJ 

VITAL, 1992 

Brasil 
El Salvador 
Guatemala 

Belice 
Bolivia 
Ecuador 

Argentin)a 
Chile 
Colombia 

Haiti 
Repi~blica Dominicana 

Honduras 
Mexico 
Nicaragua 

Panamr 
Peru' 

Costa Rica 
Jamaica 
Paraguay 

Uruguay 
Venezuela 

V17AL 



Alimentaci6n - Falta de lactancia materna 
Falta de carnes, huevos, leche, y frutas y hortalizas verdes y 

amarillas 
Baja en fuentes de grasa

Leche descremada no fortificada
 

Edad - Pre-escolar, despuds del destete 

Nivel socio-econ6mico - Condiciones de pobreza 

Salud - Desnutrici6n proteico-cal6rica 
Infecciones (respiratorias, urinarias, gastrointestinales)
Sarampi6n VIML 
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Estacionalidad - Sigue el patr6n de las 
enfermedades infecciosas, periodos de escasez de alimentos 

Emergencias - Sequi-as 
Campos de refugiados 

Zonas de alto riesgo - Areas rurales dridas 
Areas de producci6n marginal de alimentos o altos precios 

de los alimentos 
Areas con fluctuaciones estacionales en el suministro o 

costos de alimentos ricos en vitarnina A 

VIflL 
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C6mo? 
nvestigaci6n A 

formativa 
m Desarrollo de 

mensajes/materiales 

Implantaci6 -

Que ? 
Importancia 

* Fuentes alimentarias 
locales 
Enriquecer preparaciones 
para el destete con 
vitamina A 

Pruebas con el ,. S 
grupo objetivo 

QD6nde y cuando 
conseguir capsulas 

( Tecnicas para huertos 
familiares 
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I ImmunizacionesPAII 
Control de enferrnedades 

"Existe una diarreicas 
amplia gama 
de canales Atenci6n maternoinfantil 
de distribuci6n Atencion pedi~trica 
que pueden
utilizarse" Q) Atencion materna y del recien 

nacido 

Planificacion familiar 

Medicos privados y otros 

Escuelas primarias -L 
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N ios de 12-72 meses 	 200.000 Ui 
cada 3-6 meses 

Nifios de 6-11 meses 	 100.000 UI 
o que pesan menos cada 3-6 meses 
de 8 kg 

Madres en lactancia 	 200.000 UI 
una vez despues del 
parto o dentro de las 
siguientes 4 semanas 
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Signos clinicos oculares de deficiencia de vitamina A 

Ninos de 12 a 72 meses y adultos con excepci6n de 
las mujeres en edad reproductiva 

Al.__ 0000.l I-Alo 

.. - dl-- - Ire,-{,IgxsIIg1I -

* Ninos menores de 12 meses, o que pesan menos de 8 kg: 100.000 U1 

VEAL
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El vehicujo debe ser: 
0Consumido por ia poblaci6n objetivo 
0 Consumido en cantidades constantes 
0Procesado centralmente 
0Fortificable facilmente con la tecnologia disponible 

Alimentos comunmente fortificados con vitamina A: 
Mantequilla, margarina, aceite de cocina.......EE. UU., Europa 
Leche..................EE. UU., Europa
 
Aztcar.............. Guatemala, El Salvador
 
Glutamato Monos6dico.................Indonesia
 

mL_ 

http:Leche..................EE
http:cocina.......EE
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Educaci6n 
nutricional 

Suplementos/ 

Capsulas 

Necesidades 
especiales Beneficios Objetivo 

o 
N ','soios rvnihNfclel'd 

Sstm ,cl- - D *craPeec~, 7' 

dsrbco.n. 'lz rtmet 

Gasto de 
Divisas 

-S np 

Otros 

iil 

tbe 

Horticultura Smnsr- peios rvnin N epe 

Fortificaci6n -~iudPeec1n -*. fciia 
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0 Polfticas 

a Normas tecnicas 

Q Capacitaci6n 

0 Suministros 

Q Educaci6n nutricional y comunicaciones 

Q Monitoreo y evaluaci6n 

Q Asistencia tecnica y financiamiento 
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40 USAID: Office of Nutrition/Washington, 

y los misiones 

4 OMS, PAHO 

INCAP 

UNICEF 
4)D FAO 

0 VITAP/HKI 

46 IVACG 
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0 Estudios de prevalencia 
G Planificacion y evaluaci6n de programas 
4 Capacitacion 
Q Publicaciones, informacion 
4 Investigacion aplicada 

rington, 

...
-le " o: 
VA22 

l ,73,I417. 
Fa (703) 841-.159,. 
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MINIREVIEW
 

Vitamin A Status: Relationship to Immunity
and the Antibody Response (43436A) 

A. CATHARINE Ross' 
Division ol ,Vulriton.Deparients ofPhvstologi-and Bochemtstrv and Pediatrics, Jl'diealC'llee ool'ennsvit'ania.
 

Philadelphia. Pennst'ivanta 19129 

itamin A (retinal and its derivatives) is essential deficiency isallowed to persist. animals either succumb 

for avariety of biologic processes. many ot which or. if they survive, develop progressive xerophthalmia 
are related to growth. cellular differentiation. leading to blindness. In parts of the developing world. 

anu cell-cell or cell-substrate interactions. Within the 	 paruicularlv Southeast Asia and sub-Saharan Africa. 
last 5 yeacs. there has been a renaissance of interest in 	 xerophthalmia remains a significant. and preventable. 
\itamin A and immunity that isbased largely on three 	 public health problem (2). 
important advances. First. a number of controlled . Both clinical and experimental evidence has shown 
field-based or hospital-based, studies have demon-	 that vitamin A deficiency is associated with decreased 
strated that vitamin A supplementation can decrease 	 resistance to infection. Vitamin A deficiency could 
mortality in preschool children in populations at high 	 affect immunit\ through a number of mechanisms 
risk for vitamin A deficiency. Although a mechanistic 	 including (i)changes in lymphopoiesis and lymphocyte 
link between child survival and improved immunity maturation. (ii) abnormal cytokine production. (ii) 
has \et to be established, it seems quite probable that altered membrane structure affecting receptors for an
at least some of the benefit of vitamin A is due to tigens. accessory molecules. or cvtokines, ov) increased 
restoration of epithelial barriers and improved resist- penetration of bacteria. vires. and parasites through 
ance to respiratory and gastrointestinal infections. Sec- epithelial bamers. and (\)impaired clearance of path
ond. vitamin A. either in the form of retinol or its ogens by cytotoxic and phagocvtic mechanisms. 
metabolite. retinoic acid. has been shown to stimulate The pnncipal fbcus of this review wkill be on an 
the rejection ofcertain immunogenic tumors: this effect examination of the evidence that vitamin A status. 
ma\ be due to enhanced immunologic surveillance, ranging from frank vitamin A deficiency to the highly 
Third. there has been aswell of interest in vitamin A's supplemented state. has an important influence on the 
mechanism of action in nearly all organ systems as the immune system and its various modes of response. 
result of the identification of nuclear receptors for Aspects of cellular immunity and nonspecific immunit. 
retinoic acid and. consequently. advances in under- will be considered. but the major emphasis will be on 
:tanding the role of retinoic acid in gene regulation. the humoral antibody response. From this review, it 

Vitamin A deficiency, even in relatively early should be possible to identify some of the critical gaps 
stages. is associated with impairment of linear growth. in knowledge as well as some of the ways that new 
cartilage. and bone development and changes in epithe- information may be used in future experiments and to 
lialcell differentiation and function (I). if"vitamin A improve intervention strategies in human populations. 

Io ,"nomrequests tor reprints should beaddressed at [)i%.ision o1"Nutrition. Historical Background, Previous Reviews and 
Department ol Phsiolo2' and Biochemistr,. Medical College of Pennsylvania. Overviest 
3314J Henr- Ai'nue. 31-R.Philadelphia. PA 19124 The potential relationship between vitmin A sta

tus and infectious disease has been appreciated flor 
P S E.B.M 1992. Vol _iJ. 303-3_11 	 decades. The discovery of' vitamin A in 1913 by Mc
(W)3.-.727,92/2003.030353,00/0 	 Collum and Davis (3) was followed in the 1920s by 

Copsnght '; 1992 b\1the Society tar Epenmental Biolog. and Medicine 	 Bloch's (4) description of an association of' vitamin A 
deficiency with malnutrition and by the histologic stud-
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ies of Mori (5)and Wolbach and Howe (6). who dem-
onstrated that vitamin A is required for maintenance 
of normal epithelial morphology. Soon after the iden-
tification of vitamin A as an essential nuLrient. investi
gators began to study experimeital and natural infec-
tions in animals and to correlat, these observations to 
human pathology (see Table 1). Werkman (see Ref. 7) 
reported in i 923 that rats fed a diet of natural compo-
nents. described as vitamin A deficient. were less resist-
ant to typhoid or anthrax bacilli, although neither the 
serum agglutination response nor opsonic activity ap-

peared to be decreased. Mortality to mouse typhoid 
was reported to be greater in vitamin A-deficient mice 
than in mice fed an adequate diet (7). In the late 1920s. 
Green and Mellanbv (8. 9) showed that animals fed 

diets deficient in vitamin A and carotene often died 
with histopathologic evidence of infections, large!y of 
the tongue. eyes. and bladder. Such spontaneous infec-
tions were seen very rarely in rats fed the same diet plus 
vitamin A. Lassen (7) reported decreased resistance to 

a specific infection in vitamin A-deficient rats. In con-
trast to control rats. which recovered after infection 
with paratyphoid bacilli. nearly all vitamin A-deficient 
rats died: similarly, whereas few bacteriologic cultures 
of normal rat tissues were positive, many of the cultures 
from vitamin A-deficient rats were positive, including 
those of the mesenteric lymph glands and submaxillary 
glands. Lassen (7)commented that infection in vitamin 
A-deficient animals did not seem to differ qualitatively 
from that in normal rats. but ratiier that infection 
persisted in the vitamin A-deficient state. Thus, by 
1930. experimental s.udies had convincingly docu-
mented the association of infection and vitamin A 
deficiency. 

A large number of subsequent studies have led to 
or supported the conclusion that marginal vitamin A 
status is often worsened by infectious diseases (of bac-
terial. viral, or parasitic origins' and that. reciprocally. 
poor vitamin A status is likely to prolong or exacerbate 
the course of illness. In an important review in 1968 of 
over 350 experimental studies on nutrition and infec-
tion disease. Scrimshaw et al. (10) wrote that "no 
nutritional deficiency is more consistently synergistic 
with infectious disease than that of vitamin A." Subse-
quently. Nauss ( 11) reviewed the literature through 
1985 on the influence of vitamin A status on immune 
functions in humans and animals. This report has been 
taken as a point of departure for this review, which 
focuses primarily on more recent investigations, 

Animal Models for Studies of Vitamin A Deficiency 
Most investigators have used eithCr the rat. mouse. 

or chick to examine the relationship between vit.nin 
A status and the immune response. Each species has 
certain advantages: lbr example. the metabolism of 
vitamin A has been studied most extensively in the rat. 

304 VITAMIN A AND IMMUNITY 

Table I. Observations on Resistance to Infection in 
Vitamin A-Deficient Animals' 

Species Reference 

Resistance to typhoid, anthrax, Rat 7and paratyphoid bacilli
 
Resistance to enoogenous in- Rat 120
 
fection
 

IResistance to Escherlchia coli Chick 49
 
infection
 

Histopathologic evidence of infec- Rat 8
 
tionLonger survival of itamin A-defi- Rat 21. 22.24 

cient animals when germ-free or Chick 23
 
given antibiotics
 

TCorneal inflammation. ulceration, Rat 34
 
and necrosis after herpes virus
 
infection 
Leukocyte infiltration and cor- Rabbit 79
 
neal ulceration after Pseudo
monas aeruginosa infection
 

Impaired clearance of parasites Rat, mouse 81and !'worm Durden nna virude n 
Intestinal villus destruction in vita- Mouse 78 

min Adefici;;icy combined with
 
rotovirus iifection
 
Clearance of E.co/i and I in Rat 120
 
vitro phagocytic activity
 

I Antibody respcns3 to Schisto- Rat 81 
soma mansoni infection

I Antibody response to Newcastle Chick 44, 75
 
disease virus or Salmonella pul
lorum antigen
 

'See also earlier reviews (10. 11). 

and. thus. the nutritional requirements. rates of' tissue 
exchange of retinol. transport proteins, and cellular 
retinoid metabolism are best characterized for this spe
cies (1. 12). The number of inbred strains of rat is fewer 
than for the mouse. but this species still provides op
portunities to dissect interactions that are restricted by 
histocompatibility loci. Vitamin A deficiency can also 
be induced in the mouse (1. 13. 14). for which a wide 
range of immunologic reagents are available. The rabbit 
has been used for a smaller number of studies on ocular 
infection. Unlike most rodents similar to man. the chick 
absorbs certain carotenoids intact (15). Therefore. the 
chick may serve a role in studies of the potential effects 
of carotenoids (only a few of which are vitamin A 
precursors) on the immune system. 

In animals fed a diet containing adequate vitamin 
A. reserves of retinol (as retinyl ester) accumulate in 
the liver, the major storage organ for vitamin A. and in 
other tissues during the suckling and postweaning pe
riods ( 13. 16). Retinol is well conserved: it iseliminated 
from the body only after several passages between liver 
and peripheral tissues ( 17): therefore. depletion of es
tablished vitamin A reserves occurs very slowly. Be
cause chronic vitamin A deficiency is associated with 
!oss ot'appetite and inanition, the later stages of vitamin 



-%deticienc\ are usually compounded by general mal-
nutrition. Two nutritional paradigms have been utilized 
to produce vitamin A deficiency in a timely ashion 
and to attempt to balance of overcome the concomitant 
effects of r,,oteiii-energy malnutrition (II1. 14). One 
strategy is to eliminate all forms of vitamin A from the 
diet of young, growing animals to induce deficienc\ 
and to pair-ieed control animals with vitamin A-defi-
cient animals so as to maintain nearly equal rates of 
growth. This strategv works well during the early stages 
ot vitamin A deficiency. when anorexia is not severe. 
\ itamin A depletion may be achieved even more rap-
idl\ if nursing dams are fed a vitamin A-free diet to 
limit transfer to the young via milk. or if pups are 
weaned from their du.ns onto a vitamin A-free diet a 
ie%% days earlier than usual (e.g.. when rats are 16-18 
da\ s old) (13. 18. 19). A second strategy, retinoic acid 
c.cling. developed by Lamb and colleagues (20). makes 
use of the observations that (i) retinol-deficient animals 
crow \ell if they are given supplemen.ar, retinoic acid. 
'd Iii) very little retinoic acid is stored. It retinoic acid 
,, removed from the diet of retinol-deficient animals, a 
api3d and nearly synchronous vitamin A deficiency 

-nsues. This strategy minimizes the effects of anorexia 
and malnutrition: however, it probably is not so char-
acteristic of the gradual onset of vitamin A deficiency 
that occurs in humans. As has been pointed out by 
Nauss et al (14). it has not yet been demonstrated that 
the two methods of' vitamin A depletion have com-
parable effects on the immune system, 

Resident intestinal bacteria may influence nutrient 
a'ailability and affect the immune response through 
the agenc\ of bacterial products (e.g.. endotoxins and 
Lnterotoxinsi. Most studies have been conducted with 
conventionally housed animals having normal micro-
Ilora. Vitamin A-deficient, germ-free rats and chicks 
nae been reported to survive longer than convention-
;diu. housed controls (21-24). as have vitamin A-defi-
cient rats supplemented with antibiotics (24). The rea-
sons for prolonged survival have not been determined, 
but the absence of infection would seem an obvious 

tactor. The rate of retinol utilization might also be 

significantly reduced. 


Changes in Lymphoid Cells and Organs during

Vitamin A Deficiency 


Changes in lymphoid organ mass. cell distribution. 
histology, and lymphocyte characteristics have often 
been reported to accompany the vitamin A deficiency 
state. but the consistency of these reports is not striking, 
Vitamin A-deficient rats (25) and chicks (26) have been 
noted to develop a leukopenia characterized by an 
increase in neutrophils and a decrease in the number 
of circulating lymphocytes (25). Some of the earliest 
reports of vitamin A deficiency noted marked changes 
in epithelia and lymphoid organs (6). The exact path-

ological picture, however, seems to be dependent upon 
the duration of vitamin A deficiency and the animal 
species. In the rat. the weights of the spleen and thymus 
were unchanged earl\ dunng vitamin A depletion (25. 
27. 28) or somewhat decreased late in the course of 
vitamin A deficiency (19. 27. 29). Spleen cell number 
appeared to be more sensitive to vitamin A deficiency 
than spleen weight. A decrease in spccu cellularity was 
observed in rats without external signs of vitamin A 
deficiency: tnis difference reached statistical signifi
cance as deficiency progressed and vitamin A deficiency 
became clinically apparent (19. 25. 29). Some investi
gators have reported small germinal centers in the 
spleens of vitamin A-deficient rats (30). whereas others 
(31) did not observe any marked differences. fhis dis
crepancy may be due to differences in the seventy of 
vitamin A deficiency in these studies. Thymus weight 
has also been reported to decrease. with marked atrophy 
occurring late in vitamin A deficiency in some animals. 
Thvmic atrophy has long been known to be associated 
with protein-energy malnutrition in children (reviewed 
in [32]). A different picture has been reported for the 
mouse: vitamin A deficiency alone had no effect on 
lymphoid organ weight or cell number. but vitamin A 
deficiency combined with inanition resulted in signifi
cant enlargement of the spleen (33). Enlargement of 
regional lymph nodes has also been observed in both 
rats and mice (6. 18. 33-35) and is thought to result 
from accumulation of cell debris and altered cellular 
composition. 

Analysis of the major T and B cell populations of' 
the spleens of vitamin A-deficient and normal rats has 
been performed using fluorescent antibodies specific 
for total T cells. T cell subsets. or B lymphocytes (18. 
36). Surprisingly. vitamin A deficiency did not result 
in signiticant shifts in the percentage of total T cells or 
the distribution ofT cell subsets (helper and suppressor/ 
cytotoxic) or of 1gM- or lgD-positive B lymphocytes 
(18. 36). This picture contrasts with that reported for 
human protein-energy malnutrition, in which the frac
tion of helper (CD4 ) T cells was reported to be de
creased (37).
 

The recent cell culture experiments of Buck et al. 
(38) suggest a role for retinol as a specific growth factor
 
for B lymphocytes. When human Epstein-Barr virus
transformed B lymphocytes were cultured at low den
sitv in serumfree medium. growth ceased and most cells 
died within 24 hr. The addition of serum or delipidated 
serum protein recombined with ihe lipid fraction was 
sufficient to restore growth. as was the complex of 
retinol with serum retinol-binding protein. Studies with 
activated B cell blasts from spleen revealed a similar 
requirement for serum or retinol. The investigators 
\%ere able to identify a new metabolite of retinol. 14
hydrox\-4. 14-rctro-retinol. as an active component of 
the culture medium (39). In contrast, the addition of 
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all-irans-retinoic acid did not support growth of these 
Bcells. These intriguing studies suggest a selective role 
of retinol as a factor, or cofactor. in Bcell proliferation. 

Vitamin A Deficiency and Cell-Mediated Immunity 
The term cell-mediated immi,:ity (CMI) was orig-

inally used to describe localized reactions to pathogens. 
mediated by lymphocytes and mocrophages. and is now 
more generally used to describe cellular responses in 
which antibody plays a subordiniate role (40). The ef-
fector cells in CMI include cvtotoxic T cells, macro-
phages, and natural killer cells. which destroy infected 
or foreign cells through some combination of direct 
contact, secretion of soluble factors. and recruitment of 
other inflammatorv cells such as neutrophils. Delayed-
type hypersensitivity (DTH) has been used to assess 
CMI in human and animal studies (41). In vitamin A-
deficient mice. the DTH response to dinitrofluoroben-
zene (33) or picryl chloride (42) was significantly re-
duced. However. in a study of Bangladeshi children. 
there was no difference in DTH response before and 
after vitamin A supplementation (43). Reports on DTH 
responses in humans have not been consistent. perhaps 
due to confounding of protein-energy malnutrition 
(14), which generally leads to impaired DTH. 

A recent study has provided evidence that the 
function of cvtotoxic T lymphocytes is also reduced 
during vitamin A deficiency. When vitamin A-deficient 
chicks were challenged with Newcastle disease virus. 
the cytotoxic activity of spleen cells was lower during 
the primary antiviral response (44). After reinfection, 
cvtotoxic activity was detected in the peripheral blood 
lymphocytes of normal, but not of vitamin A-deficient. 
chicks. If the human cytoxic T lymphocyte response is 
similarly depressed. these experimental results would 
appear to have implications for the recovery from viral 
infections of young children with marginal vitamin A 
status. As noted by Thurnham (45) and others. humoral 
immunity develops slowly in young children, and their 
reliance on cell-mediated immunity is relatively greater 
than is that of older humans. 

The proliferative response of lymphocytes after 
stimulation with mitogens has frequently been used to 
assess CMI in vitro or to demonstrate the activation 
state or proliferative potential of cells cx vivo. This 
method has been applied to determine whether vitamin 
A deficiency, or repletion with retinol. alters cellular 
responses to mitogens which specifically stimulate T or 
Blymphocytes (see Nauss et al. (14) for methodological 
considerations). There is good agreement that the pro-
liferative response of splenic Ilymphocytes is decreased 
in vitamin A deficiency (I1. 18. 25. 27. 28. 46-48). 
However. in contrast, the response of cells from other 
lymphoid tissues has not been consistent. In studies 
with good nutritional control. Nauss ct al. (18. 25) 
determined lymphocyte proliferation at various stages 
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of vitamin A deficiency after spleen, cervical, and 
mesenteric lymph node cells were stimulated with con
canavalin A (con A) or phytohemagglutinin (T cell 
mitogens). pokeweed mitogen (a stimulator of T cell
dependent B cell proliterationi. or lipopolysaccharide 
(a B cell mitogen). During the later stages of vitamin A 
deficiency, the response to other mitogens other than 
con A was either reduced, unchanged. or even in
creased, depending upon the anatomical site from 
which lymphocytes were obtained (18. 25. 48). Thus. 
no simple pattern of cell proliferation correlated well 
with vitamin A status. Some experiments have sug
gested that the kinetics of cell proliferation may differ 
between vitamin A-sufficient and vitamin A-deficient 
animals. Friedman et al. (49) reported a delayed prolif
eration of leukocytes from vitamin A-deficient chicks. 
In our laboratory., the proliferation of splenic lympho
cytes from vitamin A-deficient rats after stimulation 
with con A was late as compared with cells from control 
rats or retinol-repleted rats. but the total area under the 
time-response curve for cells from vitamin A-deficient 
rats was only sightly reduced IS. Sri Kantha and A. C. 
Ross. unpublished results). These results suggest that 
the kinetics of signaling may be disturbed, but that the 
cell's basic ability to proliferate is not necessarily defec
tive. 

Vitamin A Deficiency and Natural Killer Cell Function 
Natural killer (NK) cells mediate "natural cytotox

icity" and are thought to be especially important in the 
surveillance of virus-infected cells. These cells also se
crete a number of soluble factors and play a regulator,, 
role in hematopoiesis and antibody formation i50).NK 
cells are able to bind to and Iyse certain tumcr cells 
without prior antibody sensitization and without re
striction by major histocompatibility type. NK cells 
also have characteristic surface receptors for the Fc 
portion of IgG or IgE through which they participate 
in antibody-dependent recognition and lysis of target 
cells. After stimulation by IgG or lvmphokines such as 
interleukin (IL)2. or following viral infection. NK cells 
produce and release a number of' cvtokines. of which 
-y-interferon (IFN) is prominent. The interferon so pro
duced can further increase the cvtolvtic activity of NK 
cells. enable binding to a broader spectrum of target 
cells. and regulate the production of certain classes of 
immunoglobulin (51). 

Vitamin A deficiency has beer, associated with 
significantly decreased NK cell cytotoxic activity in rat 
spleen cell preparations (35. 52). but not in cells from 
the cervical lymph nodes (35). After vitamin A-deficient 
rats were repleted orally with retinol. NK cell cvtolvtic 
activity of spleen returned to normal values. A possible 
relationship between the decreased NK cell activity 
during vitamin A deficiency and IFN production was 
suggested by the observation that IFN release after 



stimulation o1 spleen cells in vitro with con A was also 
reduced significantly (52). As observed for NK cell 
activity, improvement of vitamin A status also restored 
the ability of these cells to produce total IFN activity,

It may be relevant that low NK activity was found 
in the peripheral blood mononuclear cells of young
children with acute measles (53). Although a connec-
tion to vitamin A status was not established in this 
work. serum retinol concentrations have been shown 
to be reduced during acute infection, and vitamin A
therapy has been effective in reducing measles-related 
morbidity and mortality (see below). Despite this low 
basal activity, the NK cells from children with measles 
or other infections could be activated by the addition 
of IL-2 in vitro. -hich indicates that the potential for 
lyiic activity was retained. It would be of interest to 
learn whether supplemental vitamin A improves NK 
cell activity in children with measles and whether this 
response has any role in their clinical recovery, 
Vitamin A Deficiency and Antibody Response

" • 
The antibodv response. including the production

olantib)dv-secreting plasma cells and memory B and 
T cells. is the mechanism by which the immune system
provides highly specific protection of long duration 
against many pathogens and molecules recognized as 
non-self. For most soluble proteins, antigen processing
precedes presentation of peptide fragments to appro-
priate T cell receptor-class I1complexes that initiate the 
production of IL-2 and other factors that drive B cell 
growth. In the early phase of the primary response,
plasma cells secrete mainly IgM. This is followed by
selection of high affinity clones and recombination 
within the immunoblobulin gene heavy chain region to 
produce the class switch from 1gM to IgG. In the 

sccondarv response, re-exposure of memory B and T 

cells to antigen leads 
 to a rapid and much greater

production of high-affinity IgG antibodies. The re-

sponse to some 
other types of antigen. for instance,

bacteral polysaccharides. is typically of the primary 

type and is discussed below, 


The relationship of vitamin A status to antibody

production has been investigated for a number of an-

tigens. some of which are relevant to human vaccina-
tion programs while others are mainly of experimental 
interest. This section first reviews experiments with
antigens that are part of the World Health Organiza-
lion's Expanded Program on Immunization, a program
that has succeeded dramatically in delivering vaccine 
protection to children in developing countries (54). This 
is followed by a discussion of other antigens that are ofclinical interest but are not yet part of broad immuni-
zation programs. and. finally, of antigens mainly of
experimental interest. Both animal and human studies 
have been included together so that. when data are 

available for both. comparisons and contrasts in the 
immune response can be appreciated. 

Tetanus Toxoid. Neonatal tetanus due to infection 
with Clostridium tetani has been reduced significantly 
as a result of vaccination with tetanus toxoid. Even 
now. however, it is estimated to bc the cause of over 
750.000 deaths each year 54) In contrast to the other 
vaccines of the Expanded Program on Immunization 
which are directed to youn:g children, the main target
population for immunization with tetanus toxoid is 
pregnant women. Antitoxin titers have been shown to 
increase with each subseq,iclt immunization. Three 
immunizations induce high and durable antitoxin levels 
(55). Of the vaccines used in this and other immuni
zation programs (those against tetanus, tuberculosis. 
diphtheria. measles virus, whooping cough. and polio).
most reports on vitamin A and immunity have con
cerned tetanus toxoid. Table 11provides a summary of 
human and experimental investigations with this anti
gen. 

The role of vitamin A status in the response to 
tetanus toxoid has been investigated in both humans 
and aiimals. Brown et al. (43) conducted a field tudv 
in Bangladesh in the late 1970s to determine whether a 
large dose of vitamin A could be used to enhance the 
antibody response to tetanus toxoid. This hypothesis 
was based on the work of Dresser (56). discussed below. 
which had demonstrated adjuvant properties of retinol 
in the mouse. Ninety-five young children were matched 
by age and sex and assigned randomly to receive either 
a 60 mg dose of water-miscible vitamin A. delivered 
intramuscularly at the time of immunization with tet
anus toxoid, or of tetanus toxoid only. A second dose 
of tetanus toxoid, but no additional vitamin A. was 
administered 4 weeks later. Baseline serum vitamin A 
concentration equaled 0.5 gmol/litcr. indicative of low
 
vitamin A status, and baseline anti-tetanus toxoid an
tibodies were undetectable. Although antitoxin titers
 
were measurable, there was no difference in the mean
 
titers between children treated with vitamin A and the
 
control group. Skin testing to Monilia also revealed no
 
difference. Unfortunately. these negative results are
 
difficult to interpret because there was no follow-up to
 
demonstrate that vitamin A administration increased
 
plasma retinol. nor was information on infections pro
vided.
 

Semba et al. (57) recently reported on a random
ized placebo-controlled clinical trial with 236 Indone
sian children, ages 3-6. designed to determine whether 
the immune response in mild vitamin A deficiency is 

2Concentration data origina l presented in units ofug/dI ha'e been convenedto molar (Sli units (28.6 mg,dl equ: ls I umoliliterp. For unitormitv in compar-Ing the amounts of dietarn vitamin Aused in vanous studies. data onginal 
presented in international Units fIU) have been convened to mg of stamin A
fretmoll. or mg of retinsi palmitate when specified. One IU equals 0.3 ug ofretnol or 0.55 ug ot retinl palmitatc. 
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Table If. Field-Based and Experimental Studies of Vitamin A Status on the Antibody Response 

to Tetanus Toxoid" 
Situation/model Vitamin A treatment Immunization Outcome Reference 

Children (mean 39 months) in Half received 60 mg of Immunized with TT at time Immunization resulted in in-Bangladesh VA along with first 
43 

of VA: reimmunized with creased anti-TT titers, but
;mmunization with TT 4 weeks later no difference due to VA 
TT 

Children. 3-6 years in Indonesia, Half of each group re- DPT vaccine given 2 Anti-TT titeis 3 weeks after 57divided into two groups based ceived 60 mg of VA weeks after treatment immunization were higheron ocular status (mild xero- orally, or placebo with VA inchildren given VA rephthalmia vs normal eyes) gardless of previous ocu
lar statusRat, VA-deficient, compared with No supplementation DPT vaccine, im Anti-TT titers were less for 27

pair-fed and ad libitum-fed con- VA-deficient than for controls trol rats fed d libitum, 
but were not different 
from pair-fed controls

Rat, VA-deficient. compared with 0.03 mg/day for 7 TT, iv Anti-TT titers of VA-defi- 58pair-fed and VA-repleted rats days before immuni- cient rats were lower 
7ation than those of either con

trol group: most supple
mented rats had a normal 
anti-TT titerRat. VA-deficient. compared with 1.5 mg orally divided TT, ip Primary anti-TT IgM con- 29


pair-fed and VA-repleted rats 
 into two doses centration lower inVAgiven 4 days before deficient rats: normal re
and on the day of sponse after VA repletion
immunization

Rat. VA-deficient, compared with 1.5 mg orally as single TT, ip Primary and secondary IgM 59
pair-fed controls and VA-re- dose either 1 day and IgG concentrationspleted rats after tirst immuniza- lower in VA-deficient rats;

tion or just before repletion at time of pri
secondary immuni- mary immunization led to
zation normal primary and sec

ondary responses. Reple
tion before secondary im
munization restored a 
normal secondary re
sponse: total IgM and IgG 
not reducedMouse. normal diet 1 mg im 3 times Combined immunization VA increased the response 91
 

with "T, BCG, and bo- to TT and bovine -y-glob
vine -- globulin, ip ulin and counteracted the
 

suppressive effects of 
steroids and cyclophos
phamideMouse. normal diet 0.9-4.5 mg VA im at "T, im Secondary antibody re- 43
 

time of first immuni- sponse greater inVA
zation 
 treated group; primary re

sponse not consistent
 
VA, vitamin A: TT. tetanus toxoid.
 

responsive to vitamin A supplementation. One hundred A-supplemented and control groups. However. there
eighteen children with mild xerophthalmia and an was no difference in response between those children
equal number of children with normal eves were ran- with pre-existing signs of vitamin A deficiency and
domly assigned to receive either 60 mg of vitamin A or those without such signs. It may be that significant 
a placebo. Two weeks after treatment with vitamin A. vitamin A depletion existed even in the absence of
children were immunized with diphtheria-pertussis-te[- ocular signs. or that the differences were due in some 
anus vaccine. The IgG response was determined at manner to the adjuvant properties of retinol discussed 
baseline and 3 weeks after immunization. After correc- below. In either case. this study raises the possibility
tion for previous immunization, there was a significant that the antibody response in some young children can
difference in tetanus toxoid titers between the vitamin be enhanced by retinol administration. Further delini
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tion of the kinetics and duration of this enhanced 
response would be desirable, 

At least three different investigators have used the 
rat as a model to investigate the primary antibody 
response to tetanus toxoid. Consistent findings of re-
duced antibody production have been reported (27, 29. 
58). Krishnan ei al. (27) compared the response to 
tetanus toxoid of vitamin A-deficient rats and rats fed 
a vitamin A-adequate diet ad libitum: thus. it is likely
that there was some confounding of vitamin A defi-
ciency and protein-energy deficiency. In these studies,
the primary antibody response of' vitamin A-deficient 
rats to tetanus toxoid, as well as to diphtheria toxoid 
and to sheep red blood cells, was reduced significantly,
Lavasa et al. (58) conducted a well-controlled study of
the primary antibody response to tetanus toxoid of the 
vitamin A-deficient rat in comparison to both pair-fed
and ad libitum-fed normal rats and to previously vita-
min A-deficient rats after repletion for 7 days with 0.03 
me of vitamin A. The response of rats with vitamin A 
deficiency, confirmed histologically and by very low 
serum and liver vitamin A concentrations, was consist-
ently low, whereas all other treatment groups responded
v.ell to this antigen. 

The antibody response to tetanus toxoid has also 
been studied recently in the vitamin A-depleted rat 
before and after oral repletion with retinol (29). The 
primary anti-tetanus toxoid IgM response was meas-
ured in three groups of rats: a vitamin A-depleted group
that had low plasma and tissue vitamin A reserves, but 
did not yet show symptoms of vitamin A deficiency: a 
group repleted witl- 1.5 mg of retinol (as retinyl pal-

mitate) given by mouth near the time of immunization: 

and a pair-fed control group that was maintained on a 

vitamin A-sufficient diet. Plasma anti-tetanus toxoid 

1gM concentrations were significantly reduced (18% 
 of
control) in the vitamin A-depleted group. In contrast. 
both antibody production and tissue vitamin A concen-
trations were equal to the control group after vitamin 

A repletion. 


None of the animal studies cited above investigated

the secondary response to tetanus toxoid. A recent study
by Kinoshita et al. (59) was designed to determine 
whether immunologic memory to tetanus toxoid can 

be established and maintained in 
 the vitamin A-defi-
cient rat. The design included two vitamin A repletion
groups: one group was repleted with a single oral dose 
of 1.5 mg of retinol given I day after primary immu-
nization. whereas a second group remained vitamin A-
deficient throughout the primary antibody response,
but was repleted with retinol 2 days before the second 
immunization. Whereas vitamin A-depleted rats had a
low primary and a low secondary response (for IgM as 
well as IgG), the kinetics of antibody production were 
normal. Additionally. vitamin A-deficient rats had anormal amplification of anti-tetanus toxoid 1gM and 

IgG in the secondary response, as well as a normal ratio 
of IgG to lgM antibodies in each response (59). In rats 
that were deficient in vitamin A throughout the primarv
response but were repleted with retinyl ester 2 days
before reimmunizatio .the secondary lgM and IgG 
responses were equal magnitude to the response of 
the control group. The inference drawn from these data 
was that immunologic memory and the class switch 
from IgM to lgG developed normally during retinol 
deficiency, despite a low primary production of anti
bodies, and that memory cells could be activated after 
repletion with vitamin A. 

In these studies, it was also observed that repleting
vitamin A-deficient rats with a single oral dose ofretinol 
at the time of the first immunization resulted in plasma
anti-tetanus toxoid concentrations that were, on aver
age, 1.5-2-fold higher than that of the control group.
Of note. this increase was maintained during the sec
ondary 1gM and IgG responses without additional vi
tamin A. It appears that either the rapid change in 
vitamin A status at the time of immunization or adju
vant properties of oral vitamin A had both immediate 
and longer term effects on specific antibody production.

The decreased levels of anti-tetanus toxoid anti
bodies observed in this study were not simply a rcflec
tion of a generally low level of antibody production.
Indeed, the concentration of plasma total IgG. as com
pared with anti-tetanus toxoid IgG, was elevated signif
icantly in vitamin A-depleted rats (59). A similar mild 
hypergammaglobulinemia was noted by Gershwin et 
al. (60) in mice fed avitamin A-deficient diet. It may
be noteworthy that circulating immunoglobulins are 
also elevated in children with protein-energy malnutri
tion (32), despite the poor response to some antigens.

Thus, the results from several animal studies are
 
quite consistent in demonstrating that vitamin A defi
ciency is associated with a marked decrease in the

antibody response to tetanus toxoid. The human stud
ies. which are 
fewer in number and less controlled in
 
design, lead to a mixed assessment of the importance

of vitamin A status. It is possible that the effects of low
 
vitamin A status, or supplementation with vitamin A,
 
may be quantitatively smaller in humans 
or may be

easily masked by confounding variables. Seasonal 
var
iation in nutrient availability and the vitamin A status

of children is well known 
 in areas where vitamin A
 
deficiency is most prevalent. Therefore, it is also pos
sible that only the continuous form of vitamin A defi
ciency, as produced experimentally, compromises the 
antibody response toward this antigen. Some of the 
apparent differences in outcome might be resolved by
exploring the antibody response in animals with more 
marginal forms of vitamin A deficiency and by use in 
the future ofmore reliable estimates of vitamin A status 
in human studies. 

Tuberculosis. McMurray et al.(6 I) have recently 
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reviewed the literature on micronutrient status and 
immune function in tuberculosis. .1lrcobacierum mu-
herculosis infection remains amajor cause of morbidity
and mortality among malnourished children, and reac-
tivation of disease later in life may he related to. or a 
cause of. poor nutritional status. It is known that mal-
nourished individuals vaccinated with Bacille Calmette-
Gurin vaccine do not respond normally to skin tests 
with purified protein derivative, but the mechanisms 
that decrease host response to vaccination or to tuber-
cular infection are unknown. McMurrav vi a/. (61)
identified four studies in the early literature (1923 
through 1961 ) in which vitamin A deficiency in humans 
or animals exacertrued tubercular disease. However. 
no recent studies. particularly on antibody production. 
have added to this literature, 

Diphtheria and Pertussis. Despite the long-stand-
ing use of these toxoids as vaccines. they have received 
little attention in vitamin Astuaies. Diphtheria toxoid 
was used to immunize vitamin A-deficient rats in the 
study of Krishnan et a/. (27) descnbed above. These 
investigators reported a reduction by half in the hem-
agglutination titers of vitamin A-deficient rats. How-
ever. the number of animals was small and concomitant 
protein-energy malnutrition probably confounded this 
study: thus. confirmation )fthis result isneeded. 

Measles Virus Infection. Measles kills -2 million 
children annually and has no specific therapy (62).
Vitamin A status is now recognized to be one of the 
critical determinants of' the outcome of measles infec-
tion in many developing countries (63). Acute measles 
infection may cause a decompensation of vitamin A 
status, precipitating corneal lesions in children with 
pre-existing hypovitaminosis A (63). The importance 
of' vaccination against measles to prevent the rapid
deterioration of body vitamin A reserves leading to 
corneal lesions was highlighted in :j 1988 report of' th,: 
Expanded Program on lmmunization's Global Advi-
sory Group (63). 

Of the infectious diseases for which vitamin A 
status is thought to be important. the relationship be-
tween measles virus infection and vitamin A status has 
been investigated most extensively. However. few. it' 
any. of these studies have investigated the antibodx 
response per se. The subject has mainly been ap-
proached by determining whether measles infection (or
other infections) directly alters vitamin A status or h\ 
asking whether the pathogenesis of' measles-related xe-
rophthalmia is due to an abrupt change in vitamin A 
status or to corneal involvement by the measles virus 
directlv or by secondary infections. Clinical studies have 
addressed whether vitamin A therapy is effective in 
reducing the high rate of mortality due to measles. A 
recent culmination of these research efforts was the 
report of successful intervention with vitamin A treat-
ment in a randomized clinical trial in South African 

children with measles (62). Treatment with vitamin A 
significantly reduced mortality (10 of 97 among the 
control group vs two of' 92 among vitamin A-treated 
children [621) and resulted in significant differences for 
duration of pneumonia. duration of diarrhea. and num
her of' days of hospital stay. As a result of these and 
other observations. WHO/UNICEF (64) has jointl\
recommended that all children diagnosed as havingz
measles in countries where the fatality rate is 1' or 
more should immediately be given 30-60 mg of vitamin 
-\. depending on age. Other investigators have recom
mended up to 120 mg of vitamin A for children of all 
ages (62. 65). 

Responses to Bacterial Polysaccharide and Li
popolysaccharide Antigens. Vitamin A deficienc\ is 
associated with a poorer prognosis and longer duration 
for many respiratory and diarrheal infections. In an 
earlier stud'. Arroyave and Calcafio (66) observed that 
a variety of upper respiratory tract infections in children 
and adults was associated with decreases in serum retn
nol and retinol-binding protein. as well as carotene and 
serum proteins. Infections were associated with marke.d 
reduction (as great as 0.5-1 umol/liter) in serum retinol: 
decreases were greater when fever accompanied infec
tious episodes. 

Even in the face of antibiotic therapy, pneumonia.
meningitis. and diverse intestinal infections remain ma
jor causes of morbidity and mortalitvin both the young
and. in the case of' pneumonia, the elderly. The anti
body response to polysaccharides. such as those Irom 
pneumococcal and miningococcal bacteria. are gener
ally classified as T cell independent (TI) based on the 
ability of these antigens to elicit a response in athxrmc 
animals. The antibody response is largely a primar,,. 
1gM response. although some IgG isalso produced (,,-!
In comparison to soluble proteins which are T cclil
dependent (TD) antigens. there is little formation oi
 
immunologic memory to the polysaccharide antigens.

Generally. the antibody response to bacterial pol.\sac
charides isvery weak in young children or animals. Thc
 
effect of vitamin A status in humans on the response
 
to these antigens has not been reported. but a number
 
of recent experimental studies have provided ne\\ in
formation.
 

To investigate the eflects of vitamin A deficienc% 
on the antibody response to bacterial antigens. Pasa
tiempo ei al. (29) conducted a study with five bacter
ial antigens in the vitamin A-deficient rat. The anti
gens used were pneumococcal polysaccharide (from
St'reptococcux pnwumoniae. type 1l1.one of' the more 
pathogenic strains of pneumococci). meningococcal 
polvsaccharide (from .\eisserla mcainiii,itdis. type ("i.
lipopolvsaccharide (from PseLudowo as ac''uttwo.sl. all 
opportunistic pathogen associated with respiratory and 
ocular infections. and from Serrata marcescens). and 
tetanus toxoid. a TD protein antigen. In vitamin A
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deficient rats immunized with pneumococcal polvsac-
charide. the antibody response was very low (<20, (i 
pair-fed control rats). Decreased antibody production 
\\as apparent before outward signs of vitamin A deli-
ciency were manifest (29). In all experiments, repletion 
"ith vitamin A (equal to 1.5 mg of'retinol given orally) 
completely restored a normal level of antibody produc-
tion. even in rats with symptoms of vitamin A defi-
ciency. showing that this impairment is reversible and 
causally related to a dificiencv of vitamin A. In studies 
that examined the ontogeny of antibody production. a 
si2nificant reduction in the IgM response specific for 
pneumococcal polysacchanide was detectable as early 
as 35 days of age (36). 

Similarly. vitamin A-deficient rats (either with our 
''thout symptoms of retinol deficiency) had almost no 
response after immunization with meningococcal pol-
saccharide (29). As was also observed for pneumococ-

cai nolvsaccharide. the response to meningococcal pol-
\saccharde was normal after repletion with retinol. 
\hihough the contribuion of meningococcal infection 
to childhood morbidity or mortality in studies of vita-
rmn \ deficiency has not been determined, it is inter-
estin that Keusch (68) has commented that. for some 
of the convulsions reported in children with low vita-
mm A status (69). the first logical association would be 
wxith meningitis. 

In contrast. when rats with the same low vitamin 

A status were immunized with lipop;olysaccharide from 

either P. aeruginosa or S. marcescens. antibody pro-

duct on was quantitatively normal (29). 1hese an..,ens 

are also TI antigens: however, an immunologic distinc-

t1on within the class of TI antigens has been proposed. 

The polysaccharide antigens used above have the char-
acteristics of TI type 2 antigens, to which tile antibod\ 
response develops later during ontogeny. presumabl\ 
because a late-maturing B cell population (designated 
L%-- in the mousei is required (70). In contrast. the 
lipopolysaccharides. which were clearly immunogenic 
in vitamin A-deficient animals, are generally classified 
as TI type I antigens. Type I antigens are immunogenic 
earl\ in life (29. 70) and have less stringent require-
ments for mature B cells and cytokines. Thus. this 
study revealed a potentially relevant correlation be-
tween the immunologic type of antigen and whether or 
not vitamin A deficiency compromised antibody pro-
duction: for the TI type 2 and TD antigens, antibody 
production was poor. whereas for TI type I antigens. 
antibody production was normal. 

Responses to Experimental Antigens. In addi-
tion to the serologic studies using natural antigens as 
described above, a number of investigations have been 
carried out with experimental antigens. often TD pro-
tein antigens or heterologous cells. Such studies may be 
helpful in understanding the immune response to nat-
ural antigens of similar immunologic type. 

-Adecreased plaque-forming cell response to het
erologous red blood cells has been reported for the rat 
(27-29). Red blood cells are TD antigens and. thus. the 
lack of response is consistent with the categorization 
suggested above. 

Smith and Haves (71) reported that vitamin A
deficient mice have an altered response to the protein 
keyhole limpet hemocvanin. The primary serum igM 
response was either normal or reduced. but the greatest 
reduction was in the IgG class, particularly IgG I. By 
mixing T lymphocytes from vitamin A-deficient mice 
and B cells from normal mice. Carman c al. (72) 
provided evidence that helper T cells of vitamin A
deficient mice do not provide help for antibody pro
duction to protein antigens in vitro. The frequency of 
such helper T cells in the mouse popliteal lymph node 
was found to be reduced during vitamin A deficienc\ 
and restored after addition of retinvl acetate to cultures 
In aro. Decreased Ig-I production may be linked to 
an overproduction of IFN--. as recenth reported for T 
cells from spleens of vitamin A-deficient mice (73). It 
seems that the relationship of vitamin A status to IFN 
production requires further study, inasmuch as other 
work has indicated either a decrease in inducible IFN 
activity released from spleen cells of vitamin A-deficient 
rats (52) or an increase in ,,ecretion of inducible IFN-y 
from spleen cells of mice supplemented with vitamin 
A (74). It is not clear what accounts for these differ
ences: however, the species studied. the type of assay 
for IFN. and the end points examined have diflered. 

The effects of a broad range of vitamin A levels on 
antigen-specific immune responses have been studied 
in the chick. In 1963. Panda and Combs (75) reported 
that chicks fed a diet low in vitamin A had a reduced 
agglutination response following challenge with Sal
monciia pu//ormn antigen. Recently. Friedman and 
Sklan (76) reported impaired T lymphocyte responses 
after cells from vitamin A-deficient chicks or rats were 
restimulated in vuro with antigen (bovine serum albu
min).Responses were normal soon after repletion with 
vitamin A ester. These same investigators also com
pared andibodv production in chicks fed four diets 
ranging in vitamin A contents from deficient to highly 
supplement d (77). Direct measurement of liver and 
plasma ,itamin A concentrations showed that the four 
dietary treatments did. indeed. produce a spectrum of 
plasma and liver vitamin A concentrations ranging 
from barely detectable to excessive (>8.7 ,mol of vita
min A/g liver and >2.5 moilliter of' plasma retino. 
Both chronic deficiency and chronic excess of vitamin 
A were associated with low antibody production and 
reduced lymphocyte proliferation. B\ comparison. a 
large. bolus. oral dose of vitamin A given to vitamin A
deficient chicks restored lymphocyte proliferation to 
the control level and did not result in evident toxicity 
(76). In a subsequent study of similar design. Friedman 
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et al. (49) determined morbidity and mortality rates 
afterEscherichia coli infection in chicks that were either 
vitamin A-deficient. -sufficient. or treated with excess 
dietary vitamin A. Those chicks that received an excess 
of vitamin A proved even more sensitive to E. coh 
infection than the vitamin A-depleted chicks. 

Response tc Viral Infections. The specific anti-
body response to viral antigens has been studied during 
vitamin A deficiency in several animal models. In 
chicks exposed to Newcastle disease virus (44). a differ-
ence in total versus specific antibody production was 
demonstrated. Whereas the total serum IgG and IgM 
concentrations were greater in chicks fed a vitamin A-
deficient diet than in those fed diets adequate in retinol 
or supplemented with retinoic acid. the concentration 
of virus-specific antibody was reduced. The antibody 
response of chicks fed retinoic acid (2 mg/kg of diet) 
was greater than that of chicks fed the same amount of 
retinol. In contrast. Davis and Sell (26) concluded from 
an earlier study of the chick that serum antibody titers 
following immunization with bovine serum albumin 
were not different in chicks fed low or adequate levels 
of retinol or retinoic acid. but that lymphocyte trans-
formation was reduced in vitamin A-deficient chicks. 
They also concluded that maintenance of lymphoid 
tissues, as judged by growth. was poorer in chicks fed 
diets containing retinoic acid than in those containing 
retinol. 

The interaction of viral infection and vitamin A 
status on intestinal integrity was recently evaluated by 
Ahmed et al. (78) in weanling mice infected by the oral 
route with rotovirus. Vitamin A-deficient mice showed 
a moderate reduction in the T cell area of the spleen 
and a significant reduction in thymus mass. Vitamin 
A-deficient mice. whether infected or not. had a signif-
icantly reduced number of goblet cells per duodenal 
villus. In those mice with both vitamin A deficiency 
and rotovirus infection, there was marked destruction 
of the villus tips: neither vitamin A deficiency nor 
rotovirus infection alone produced such a marked ef-
feet. In a subsequent study (42). vitamin A-deficient 
mice infected with rotovirus produced significantly 

lower levels of specific antibody than mice pair-fed the 

control diet or fed ad libituln. Mice refed the vitamin 

A-sufficient diet for I week before infection showed a 
partial restoration of antibody production, but little 
improvement in the DTH response that was deter-
mined concurrently, 

Nauss ei al. (34) developed the vitamin A-deficient 
rat as a model to study ocular infection with type I 
herpes simplex virus (HSV). In this model, the corneal 
surface is lightly abraded and HSV is applied directly 
to the corneal epithelium. The onset of herpetic keratitis 
was more rapid and clinical disease was more severe in 
vitamin A-deficient rats than control rats. even in the 
beginning stages of vitamin A deficiency. Histopatho-

logic examination re,".aled that tle inflammator. re
sponse was significantly greater, as was the incidence of 
epithelial ulceration and necrosis. Similarly, in rabbits 
in which the conjunctiva had been inoculated with P 
aertinosa.there were sequelae of infiltration of polv
morphonuclear leukocytes. corneal ulceration, and 
stromal melting in the vitamin A-deficiency rabbits. 
bu' not in the controls (79). 

In a companion investigation. Nauss and New. 
berne (35) asked whether alterations in specific or non
specific immune responses were responsible foi the 
increased susceptibility of vitamin A-deficient rats to 
ocular HSV infection. Cell-mediated responses and nat
ural killer cell activity (see below for further discussion) 
were monitored. The responses of spleen cells to con A 
decreased rapidly after HSV infection in both control 
and vitamin A-deficient rats. Similar to previous stud
ies. the response of cervical lymph nodes to con A was 
greater in vitamin A-deficient rats than in normal rats. 
although both were decreased significantly 7 days after 
HSV infection. The NK cell activity of spleen cells kas 
somewhat greater in normal rats than in vitamin A
deficient rats and both decreased during the postinfec
tion period. Nauss and Newberne (35) commented that. 
despite reduced responses in vitro, the local ocular 
inflammatory response was strong in the vitamin A
deficient animals. They favored a multifactorial cause 
of the increased susceptibility to ocular infection. stat
ing that "multiple, partial defects in both specific and 
nonspecifi,, hosi defenses probably combine to increase 
incidence and severity of the disease in animals with 
hypovitaminosis A." 

Responses to Parasitic Infection. In 1982. Beisel 
(80) discussed the concept that malnutrition and para
sitic infections most often synergize. leading to an in
fectious process of greater-than-expected severity. Yet 
there are sufficient examples of either an antagonisitc 
relationship, oi no apparent influence of malnutrition.
 
so that a categorical prediction cannot be made. in their
 
earlier review. Scrimshaw et al. (10) noted that malnu
trition worsened the severity of most (>80%) bacterial
 
infections, reduced or increased the severity of vral
 
infections in nearly equal numbers, and worsened 
over 
60% of the parasitic infections that had been studied. 
In nearly all studies of vitamin A deficiency and para
sitic infections, the interaction has been svnerpistic (80). 
Low plasma retinol levels are common in patients with 
parasitic diseases (10) and malabsorption of vitamin A 
has been demonstrated during a number of infections 
in humans (II). 

An inverse relationship between plasma vitamin A 
levels and pathogenicity of parasitic infections has been 
observed in rodent models. For example. in rats in
fected with Plasmodium berghei. Trvpanosoma cruii. 
Schistosoma mnansot.,, or ..1n4'tostron,lUs cantonensrs 
infection and in mice infected with 7. mtusculi (re
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viewed in (81] and [82]). low plasma retinol levels were 
associated with an inability to reject worm infestation, 

Infection by a number of parasites elicits an IgE 
response. Parent et al. (81) correlated nutrition. para-
sitologic. and immunologic parameters in three groups 
or rats: a noninfected and normally nourished control 
grot, P. a normally nourished grosup infected with Sc. 
manso. and a group of vitamin A-deficient rats also 
infected with Sc. mansoni. The worm burden and the 
number of eggs per gram of liver were significantly 
greater in the vitamin A-depleted animals. Addition-
all. IgE levels and anti-S. mansom ,ntibodies were 
much lower in the vitamin A-depleted rats. Because 
I. mphocyte transtbrmation after stimulation with con 
-\ did not differ and lymphocytes of vitamin A-deficient 
rats still ,:sponded to stimulation with Sc. mansoni, 
these authors concluded that the humoral immune 
response was markedly depressed dunng vitamin A 
deficiency, whereas the cellular immune response was 
not signiicantlv altered. 

Mucosal Immunity. The importance of mucosal 
rnmunni\ is well recognized. but this subject has re-

cei\ed little experimental attention in relationship to 
%tamin A status. In malnourished children whose vi-
tamin Astatus was not reported Chandra (83) reported
that the secretory immune response (IgA) to live atten-
uated measles and polio vaccines was reduced signifi-
cant;,.. 

Sirisinha and co-workers (84. 85) used the model 
of retinoic acid cycling in the rat to investigate IgA
le~els and local, intestinal immune responses (IgA and 
IgG) to antigen injected directly into Peyer's patches,

The lgA levels in intestinal fluid and bile were signifi-

cantlv reduced, as was the transport of labeled IgA into 

bile 85). After immunization with hapten-protein com-

plexes. the intestinal IgA response of vitamin A-deft-

cient rats was u.,detectable. Antigen-specific serum IgA

did not seem to differ with vitamin A status, but the 

number of observations was small. Thus. these data are 

suggestive of impaired local immunity, but further ex-

pen ments are needed. Vitamin A deficiency has also 

been associated with a decreased number of Pevers 

patches and fewer immunoglobulin-bearing cells in thecut-associated lymphoid tissues of the guinea pig (86)and reduced proliferative response to mitogens (87). 

Influence of Vitamin A Administration on Immune 
Responses 

Although the consequences of vitamin Adeficiency 
on immunocompetence have been the locus of most 
research, there has also been a strong interest in the 
ability of vitamin A or related retinoids to stimulate 
immune responses. even in the vitamin A-adequate
host (11. 88). Thus. vitamin Aadministration has been 
used in two quite different settings. either to test the 
reversibility of immunocompromise due to vitamin A 

deficiency or to determine the efficacy of supplemental 
vitamin A as an immunomodulator The subject of 
immunostimulation by retinoids was reviewed by Den
nert (88) in 1984. In a number of studies. adminis
tration of' either natural or synthetic retinoids has 
decreased the growth of immunogenic tumors or stim
ulated cell-mediated tumor immunity. 

The levels of vitamin A that have been used in 
studies of immunostimulation have often been well 
above normal dietary requirements. It is difficult to 
distinguish effects that ma, be considered nutritional. 
i.e.. which are mediated through normal pathways and 
occur within the range of safe intake of vitamin A. 
versus effects that most likely are due to pharmacologic 
actions of high levels of retinoids. Because large doses 
of preformed vitamin A.ingested chronically oracutely. 
are well known to produce systemic toxicity in both 
animals and humans. studies of immunostimulation 
by retinoids should include, but frequently have not. 
clinical examination for toxic effects and measures of 
tissue vitamin A concentrations. 

Adjuvant Properties of Retinol and Retinoic 
Acid. A number of studies have revealed that retinol or 
retinoic acid can function as an adjuvant to enhance 
thz antibody response to specific antigens, even in 
healthy animals with adequate vitamin A reserves. The 
adjuvant properties of retinol were first reported in 
1968 bv Dresser (56), who showed that retinol-treated 
mice produced antibodies specific to soluble bovine -'
globulin, which is not immunogenic in the mouse. The 
response was dose dependent, but required large 
amounts of retinol (I-10 mg/mouse given intraperito
neallv I dav before immunization). Dresser speculated
that macrophage activation might be responsible. in 
part. for the adjuvant properties of retinol. or that
 
destabilization of cell membranes by retinol might stim
ulate lymphocytes to divide. Subsequently. Dennert et
 
a/. (89) reported that retinoic acid functioned as an
 
adjuvant in mice immunized with syngeneic and allo
geneic tumor cells. Brown et al. (43) ested whether
 
high doses of retinol (0.9-9 mg. im) given at the time
 
of primary immunization could increase the antibody
 

response to tetanus toxoid in the normal mouse. Thehighest dose of vitamin A was reported to have beentoxic. After the second of two doses of tetanus toxoid. 

mice treated with vitamin Ahad higher antitoxin titers. 
most likely due to enhanced production of IgG. Fried-
The Recommended Diezars Allowance of vitamin Ais 0.8mg for women. I 

mg for men. and 0.375-(0.7 iig lor children depending on age i 18). Diets that 
hase been recommended fc,,rcdents containpro%ide -0 01 -0.03 mg/da% ;,)r the rat - 1.2 mg ol retinol/k of diet andI 19i. Regarding excessive intake and
ine potential for retinol toxicity inhumans. the National Research Council 
states that signs of toxicit% usually appear only when sustained dail' intakes.including preformed vitamin A in both foods and supplements, are more thani times higher than the Recommended Dietars Allowance. A single oral dose 
of 60mg ofretinol has been well tolerated by Asian prechildren inprophlacticprograms. (-arotenoids are not known to be toxic even when ingested in high
amounts for an extended penod I 18l. 
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man (90) has recently reported adjuvant effects of 
water-miscible forms of retinyl palmitate and retinoic 
acid admixed with protein antigens. There is not 'et 
enough srstematic information to know whether the 
adjuvant properties of vitamin A apply to nearly all 
antigens. or only to particular types of antigens. The 
few antigens that have been studied so far have been 
TD antigens. either proteins or intact cells, 

In a study that examined a variety of immune 
responses. Nuwayri-Salti and Murad (91) asked whether 
adr.inistration of retinol to normal mice challenged 
with Bacille Calmette-Gu&rin wouh: counteract the im-
munosuppressive effects of a glucocorticoid and cyclo-
phosphamide. After challenge with Bacille Calmette-
Gu~rin. mice were also challenged with bovine -y-glob-
ulin and tetanus toxoid. Groups of mice were treated 
with either an intramuscular injeclion of vitamin A. 
prednisolone. prednisolone plus vitamin A. cvclophos-
phamide. cyclophosphamide plus vitamin A. or the 
appropriate vehicle. Treatment with throe I-mg doses 
of vitamin A significantly increased the antibody titers 
to both tetenus toxoid and bovine -y-globulin. and also 
counteracted the significant depression in antibody pro-
duction caused by prednisolone or cyclophosphamide. 
This outcome agreed well with an earlier report of 
Cohen and Cohen (92) that vitamin A treatment -lone 
enhanced the antibody response of mice to a hapten-
protein conjugate (trinitrophenylovalbumin) and to 
sheep red blood cells ard also countered the immuno-
suppression caused by hydrocortisone. The serum reti-
nol levels of retinol-treated mice were significantly ele-
vated: however. signs of toxicity were not observed. 
This study confirmed and extended Dresser's (56) ob-
servation that retinol can increase the antibody re-
sponse of normal mice. Increased cell-mediated im-
munity as judged by lymphocyte proliferation in vitro 
was also demonstrated (91). I.,e authors speculated 
that vitamin A may enhance immune functions both 
by recruiting leukocvtes and monocytes to the circula-
tion and by altering membrane structure. The opposing 
effects ofvitamin A. which generally makes membranes 
more labile (93). and predrisolone. which stabilizes 
membranes. are consistent with the latter hypothesis. 

Although the mechanisms underlying adjuvant ef-
fects are not understood. a number of chaAges have 
been reported to follow administration of vitamin A. 
Activation of naive or quiescent lymphocytes is often 
accompanied by increased expression of cell surface 
receptors for cytokines or other factors that function in 
the further expansion or maintenance of the activated 
state. Among the lymphocyte surface receptors that are 
expressed early and appear critical to further differen-
tiation are various forms of the IL-2 receptor expressed 
on activated T cells and NK cells and. on some cells. 
the transferrin receptor. Using monoclonal antibodies 
that specifically bind to these receptors. Sidell and 
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Ramsdell (94) showed that retinoic acid in vitro could 
increase the expression of IL-2 receptors on human T 
lymphoblasts. Other investigators (95) tested a variety 
of retinoids and carotenoids in vitro on the expression 
of IL-2 and transferrin receptors on peripheral blood T 
lymphocytes and NK cells from healthy young volun
teers. Retinoids seemed to primarily activate T cells. 
whereas carotenoids had a greater effect on NK cells. 
Although the concentrations used were near the ph.si
ologic range. all compounds were added in ethanol and. 
thus. the potential importance of lipoproteins or reti
noid-protein associations in regulating the physiologic 
uptake of vitamin A was bypassed. 

Sidell and co-workers (96) recently tested whether 
antigen-specific immune responses in humans can be 
modulated by synthetic retinoids in vivo. Patients with 
cystic acne undergoing therapy with 13-cis-retinoic acid 
for 4 months. and a similar group of patients not 
receiving retinoic acid. were reimmunized with tetanus 
toxoid and were immunized on two occasions with a 
small amount of keyhole limpet hemocyanin. Plasma 
levels of 13-cis-retinoic acid were measured and found 
to be within the range that had been reported previousl. 
to be immunomodulatory ai vitro. There was no ditter
ence in the level of anti-tetanus toxoid lgG: however. 
the response to hemocyanin was significantly greate, in 
patients treated with 13-cis-retinoic acid. Whether such 
responses are also regulated by biologic retinoids in the 
physiologic concentration range is unknown. 

Stimulation of Cellular I.-,mune Responses. C\
tokine production. lymphocyte transformation, resist
ance to tumor cells, and CMI have all been reported to 
be greater in normal animals supplemented with high 
doses of vitamin A. Forni eta/. (74) studied lymphocyte 
proliferation. IL-2 and IFN--1 production. and tumor 
growth in normal mice supplemented for 60. 90. or 15( 
days with 0.067-0.33 mg/day of retinol. as retmn.l 
palmitate in disaking water. The response to mitogens 
and cytokine production were greater in supplemented 
mice. Resistance to challenge with three transplantable 
tumors was also improved. However. dose-dependent 
effects were seen after 2 and 3 mionths. but not after 5 
months, raising the possibility that excessive accumu
lation of vitamin A was detrimentai 'r that compen
sating mechanisms had come into play after this time. 
Lymphocyte transformation at,: stimulation with ph\ 
tohemagglutinin or purified protein derivative was also 
reported to be greater in retinol-treated normal mice 
(91 ) and. as for antibody production. retinol admin;
tration counteracted the suppressive effect of predniso
lone. In a rat model of sepsis (97). supplementation 
with vitamin A for 3 days prior to sepsis increased the 
survival rate. The number of white blood cells in
creased. witn a greater percentage of lymphocytes and 
fewer neutrophils. 

Medawar and Hunt (98) suggested that the abilit. 
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of high levels of dietary vitamin A to suppress cancer 
in rodent models may be attributable to immunopoten-
tiation. T cell-mediated enhancement of the graft-ver-
sus-host reaction was increased in mice fed a high level 
of vitamin A (99). Mice chronically fed a diet very, high
in retinyl acetate had enlarged thymus and lymph 
nodes, a greater antibody response after sensitization 
with sheep red blood cells ,100). and a more rapid 
rejection of skin allografts (98. 100). While these obser-
vations are provocative, it is not yet clear whether they 
represent strictly pharmacologic effects of chronic large-
dose supplementation or whether they are indicative of 
normal immune responses governed byv vitamin A. 
Unfortunatelv. the tissue vitamin A levels of these 
animals were not reported. Other investigations of the 
suppressive actions of vitamin A. as retinoic acid. on 
immunogenic tumors also support an indirect mecha-
nism through thymus-dependent. immune-mediated 
effector cells (89. 101). 

In humans. Cohen et al. (102) investigated the 
ability of large doses of vitamin A to increase the 
magnitude of the cellular immune response that is 
known to be transiently depressed following surgery,
Patients scheduled for surgery were assigned to acontrol 
group (no treatment) or to treatment with a large daily 
dose (90-135 mg) of vitamin A (generally given orally)
preoperatively and for approximately 7 days after sur-
gery. The proliferation of lymphocytes from patients
treated with vitamin A was not different from the 
control group I day after surge-, but the response of 
cells from vitamin A-treated patients was significantly 
greater after 7 days. Monocvte function, assessed by
lvsis of sensitized erythrocvtes. did not change. The 
authors reported that no toxic or ill effects were ob-
served, but they did not make direct assessment of 
serum vitamin A or of liver enzymes that might have 
revealed toxic effects at the tissue level. Thus. while this 
in vitro study supported immunoenhancement by reti-
nol on cellular immunity, the vitamin A dose in this 
study was clearly in th2 pharmacologic range and eval-
uation of adverse consequences was limited to clinical 
impressions. However. Penn et al. (103) reported re-
cently that elderly nursing home residents given supple-
mental vitamins, including but not limited to vitamin 
A. lor a month also showed increased cell-mediated 
immune function as measured by a greater number of 
T cells. an increased ratio of CD4 to CD8 T cells, and 
an increased response to phvtohemagglutinin.

Stimulation ofStimutTheeio onsiderablePhagocytosisehagdcytoror Cell-MediateddiedCytoxicity. There isconsiderable evidence from studies 
ofanimals. and some from humans, that administration 
of high doses of vitamin A affects the nonspcc'fk, arm 
of the immune system by stimulating phagoc,,qosis or 
cell-mediated killing of pathogens. The results from a 
number of experimental investigations with supple-
mental vitamin A support enhanced phagocvtosis of 

bacteria. In 1974. Cohen and Elin {104. 105) reported
improved clearance of gram-negative (IP. acritinosa) 
and gram-positive (Listeriamonocvnt, e'ne.)bacteria or 
fungus (Candida albicans) from the blood of normal 
mice that had been treated for 4 days with a high dose 
(1.5 mg. ip)of' water-miscible vitamin A palmitate. 
Mice treated with vitamin A had sterile blood 5hr after 
challenge with P.aerutinosa.in comparison to vehicle
injected control mice. which developed a persistent 
bacteremia. Mortality differed significantly among
these groups. Survival was also extended in animals 
infected with L. nnoiwcvgens or C. a/bicans,although 
mortality was not prevented with these infections. Be
cause vitamin A treatment provided protection to three 
unrelated organisms. Cohen and Flin (104. 105) in
ferred that the nonspecific arm of the immune system 
was activated by vitamin A. Similarly. hypervitaminosis
A in mice has been reported to enhance host resistance 
to Salmonella trphimurn (106)and L.monoc 'to
zens (107). presumably bv activating mononuclear 
phagocytes. Large doses of retinoic acid and a syntheticderivative were also effective in the latter system.vitro, replication of the tuberculli bacillus was reducedIn 

in human macrophages treated with retinoic acid (108).
More recently. Hatchigian ei al. (109) evaluated 

semiweekly intraperitoneal administration of vitamin 
A palmitate. totaling 16 mg over 5 weeks, on the ability
of normal Lewis rats to clear a sublethal dose of Sa. 
t'phmuriunm. Serum retinol was approximately dou
bled. but the total number of white blood cells and their 
distribution changed very little. Bacteria clearedwere 
at a significantly greater rate from blood as well as from 
the liver and spleen of vitamin A-tr:ated rats. Kupffer
cells and peritoneal and splenic macrophages of rats 
infected with Sa.i.-phimuritrnand treated with vitamin 
A had the greztest phagocytic activity, whereas phago
cvosis was significantly depressed in the macrophages
of infected rats not treated with vitamin A. Enhanced 
phagocytosis by peritoneal macrophages was also re
ported by Moriguchi et al.( 10) for mice fed diets with 
high levels of retinyl palmitate (approximately 0.02
0.4 mg of retinyl palmitate/g of diet). This dietary 
treatment also increased the activation of macrophages
 
and T lymphocytes, as assessed by IL-2 receptor expres
sion.
 

Natural killer cell activity, antibody-dependent
cell-mediated toxicity, and lymphocyte transformation 
have been studied in patients with chronic lymphocytic
leukemia (I1l) or lupus ervthematosus (112) who weretreated with 30 mg of vitamin A/day for 2 weeks. Each 
of these activities was reported to increase after vitaminAtetet 
A treatment.
 

Gaps in Knowledge and Opportunities for Future 
Investigation 

Correlation of the Response to Vaccines with 
Human Vitamin A Status. Despite the importance of 
the antibody response to successful immunization pro-
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grams. the question of whether low vitamin A status in 
children or adults significantly impairs the serologic 
response is still an open one. Although most of the 
studies conducted with animals have shown a low re-
sponse to natural and experimental antigens during 
vitamin A deficiency, there is still a need to document 
the kinetics as well as the magnitude of antigen-specific 
antibody production following immunization in hu-
man populations. with concomitant evaluation of vi-
tamin A status. 

There is essentially no information from human 
studies on whether vitamin A administration concur-
rent with immunization will effectively increase the 
frequency of children who respond. the magnitude of 
antibody concentration. or the longevity of the antibody 
response. Large single doses of retinol are of proven 
value in controlling xerophthalmia in populations in 
which vitamin A deficiency is prevalent (2). These doses 
seem to be sale as they have been used. but it needs to 
be kept in mind that long-term safety and efficacy 
studies have not examined the immune system as an 
outcome variable and. generally. have not focused on 
children less than I year of age. The question should 
be raised as to whether there is any evidence that 
infrequent high-dose supplementation with vitamin A 
would suppress. rather than stimulate or have no effect 
on. the immune system of the previously vitamin A-
deficient child. Based on the literature reviewed here. it 
seems most likely that immune suppression would not 
result from such treatment. In animal studies. chronic 
high-dose supplementation decreased resistance to in-
fection. suppressed the antibody response. and de-
creased lymphocyte proliferation (49). but an acute 
large dose of vitamin A restored the immune response 
in the previously vitamin A-deficient rat or chick (31. 
49,77). When vitamin A-deficient rats were given single 
large doses of retinol at the time of immunization with 
pneumococcal polysaccharide. the antibody response 
was restored to near-normal levels and no outward signs 
of toxicity were observed (36). The response to tetanus 
toxoid of rats given a single moderate dose of retinol I 
day after immunization with tetanus toxoid was slightly 
greater than the normal response (59). In adult surgical 
patients. cell-mediated immunity (lymphocyte transfor-
mation) appeared to be greater after short-term treat-
ment with a large dose of vitamin A (!02). Thus. these 
studies provide some reassurance. Nonetheless. vitamin 
A toxicity is a potential problem and only direct follow-
up studies will be able to establish the long-term safety 
of high doses of vitamin A on the immune system. 
Such studies might include the recall response to spe-
cific antigens. lymphocyte counts. and cell typing using 
monoclonal antibodies, in conjunction with tracking of 
anthropometric measures. Based on sound nutritional 
practices and the positive outcome of field-based studies 
such as that of Ramathullah et al. (69). it would seem 
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prudent to institute horticultural and educational pro
grams to improve dietary intake or intervention pro
grams with more frequent administration of smaller 
doses of supplemental retinol whenever feasible. 

The area of mucosal immunity and antibody pro
duction as they are related to vitamin A status and 
vitamin A supplementation has received little attention. 
Future studies. both experimental and clinical, of local 
IgA production and serum IgA levels. particularly in 
response to known antigens. could help to clariv 
whether changes in intestinal differentiation associated 
with vitamin A deficiency also affect gut-related irn
munity. 

Efficacy of Adjuvants in the Vitamin A-Deficient 
Host. An area deserving further attention is the role of 
adjuvants in modulating the immune response to an
tigens. Along with development of subunit antigens and 
other strategies designed to improve the antigen portion 
of vaccines, there has been progress in developing nc%% 
adjuvants that enhance the response to weak anti2elns. 
Detoxified forms of bacterial lipopolvsaccharide or inid 
A are being tested as adjuvants to stimulate the anti
body response to various antigens ( 113). Other agents 
such as block copolyiners may also be useful in this 
regard (114). We have tested the ability of bactenal 
lipopolysaccharide. at doses that are nontoxic in the 
rat. to stimulate the antibody response to pneumococcal 
polysaccharide or tetanus toxoid in the vitamin A
deficient rat (115: M. Kinoshita and A. C. Ross. un
published results). A remarkable enhancement to both
 
antigens was observed in vitamin A-deficient animals
 
whose response to these antigens is otherwise very poor.
 
These studies provide evidence that the potential to
 
produce antibody is intact during vitamin A deficienc\
 
and suggest that vaccines with an appropriate mix of
 
antigen and adjuvant could elicit a good serologic re
sponse even in individuals with low vitamin A status.
 

The adjuvant properties of retinol itself may also 
be exploited in the future to modulate the antibod. 
response. Recently. Friedman (90) evaluated water
miscible retinyl palmitate and retinoic acid as adjuvants 
with ovalbumin or hen egg lysozyme in mice and found 
increased lymphocyte numbers in draining lymph 
nodes, greater antibody titers, and greater proliferation 
following restimulation of cells in iro.In recent years. 
increased interest has been focused on water-soluble 
forms of vitamin A. such as the glucuronicie derivati%cs. 
because of their reduced retention and. hence. lo%% 
toxicitv ( 116). Tests ofthese and other forms of vitamin 
A as immune adjuvants may also prove to be of value. 

Vitamin A and Nonspecific Resistance to Infec
tion. The effects of supplemental retinoids on nonspe
cific immunity in experimental studies are quite strik
ing and consistent. Studies have generally shown en
hanced bacterial clearance. macrophage function, and 
phagocyiosis in vitamin A-supplemented rats and mice. 



Complement activation and cytotoxicitv also appear to 
be greater in some cases. Whether polvmorphonuclear 
leukocytes and macrophage phagocviosis is normal or 
not in children with vitamin A deficiency is unknown. 
Vitamin A deficiency is often said to be associated with 
increased morbidity and/or mortality from acute res-

ptrator, disease and intestinal infections in children. 
hut documentation of this relationship is still weak, 
Studies could be conducted to determine whether vi-
tamin A supplementation programs change the rate of 
positive throat cultures lor respiratory pathogens or 
shorten the course of acute infection. In a recent ran-
domized. controlled trial of Australian children who 
had no evidence of vitamin A deficiency but who had 
histories of frequent respiratory illness, children who 
received 0.45 mg/day of vitamin A had significantly 
lewer episodes of illness than the placebo group (117). 
Hospital studies along the lines of those recently con-
ducted to establish the benefit of vitamin A treatment 
l.r acute measles infection could be extended to studies 
ot non-measles pneumonia or diarrheal infections. 

Conclusion 
Vitamin A deficiency in experiment animals has 

broad effects on the immune system, including changes 
in 	organ morphology, cell numbers, and the response 
to specific pathogens and antigens. as well as nonspe-
cific protection through phagocytic and cytotoxic 
mechanisms. Repletion with retinol has effectively re-
versed these changes in nearly all studies. A number of 
investigations of antibody production and of phagocy-
tosis also support a role of retinoids in immune stimu-toi anialsupport wrose vitaminAnutritionl sttu I 
lation inanimals whose vitamin A nutritional status is

normal. It is rot vet clear whether the vitamin A status 
of children in human populations at risk of vitamin A 
deficiencyv is sufficiently low to compromise the re-
sponse to vaccines or the ability to clear infectious 
microbes. This information would be highly significant 
to public health strategies aimed at decreasing child-
hood morbidity and mortality in the developing world. 
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