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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.

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.

“IMPORTANMNCE”

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 FAQ, 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.
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“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 cxpanded 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”

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

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

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

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.

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.

)
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“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.

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.

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”

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

R 9 ...... 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.

“MAGNITUDE OF THE PROBLEM”

Worldwide, an estimated 43 million children suffer from vitamin A deficiency.
All 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.
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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.

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

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.

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.
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“INTERVENTIONS"”

Fortunately, several options exist for preventing and controlling vitamin A
deficiency. Usually, a combination of interventions is needed.

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.

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

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

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 1U of vitamin A should be used.

“NUTRITION EDUCATION"

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 te 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.
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“SUPPLEMENTS”

The 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 [U. 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 lairge num-
ber of delivery systems to be used.

Because vitamin A is stored in the liver and released gradually as neededl, sup-
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 up 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
who show clinical eye signs. This schedule consists of providing a daily dose of
200,000 [U of vitamin A on two consecutive days, followed by a third dose of
200,000 1U 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 [U of vitamin A.

“FORTIFICATION"

Food fortification is another way of delivering vitamin A. This method avoids
the need to change food habits, because 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
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“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.

Nutrition education and gardening have the least number of w.:ique 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.

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

Because of the renewed interest in vitamin A deficiency worldwide, a range of
organizations provide program resources for strengthening vitamin A activities.

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

Durant ces derniéres années, d'importantes découvertes sur le probleme de la
carence en vitamine A ont profondément modifié la maniére dont nous
planifiuns, mettons en oeuvre et évaluons les activités congues pour le combat-
tre. Quiconque se consacre 2 sauver des vies humaines et a améliorer le bien-
étre des enfants et des nourrissons, qu'il s’agisse de responsables politiques ou
d’agents communautaires bénévoles, verra un intérét direct dans ces
nouveautés et les trouvera particulierement encourageantes.

“SIGNES CLINIQUES”

La carence en vitamine A réduit I'humidité de tous les épithélium en
produisant d’abord une situation de sécheresse et ensuite une perturbation
structurelle. Les dommages causés aux épithélium oculaires et les perturoations
de la vision sont les phénomeénes 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 phénomeénes sont fréquents dans de nombreaux
pays en développement.

“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 protéger l'intégrité de I'épithélium, c’est-a-dire les tissus qui recouvrent
'organisme, tels que la peau ou les membranes muqueuses qui tapissent le tube
digestif et les appareils respiratoire et urinaire. On retrouve également de
I’épithélium dans I'oeil: dans la conjonctive ou partie blanche, dans la cornée
qui est transparente et se trouve dans la partie centrale foncée, et dans la rétine
qui se trouve au fond de 'oeil et o1 se forment les images visuelles.

“IMPORTANCE"

Pourquoi la vitamine A suscite-t-elle un tel intérét? La vitamine A était
considérée par le passé comme un agent servant essentiellement a prévenir la
cécité, or il a été récemment établi qu’elle contribuait dans une grande mesure a
sauver la vie d'innombrables enfants et nourrissons.

Fortes de ce constat, des institutions spécialisées des Nations Unies telles que
"'OMS, I'UNICEF et la FAO ainsi que de nombreux professionnels de la santé
des pays en développement déploient d’intenses efforts pour élargir I’éventail
d’activités de distribution de vitamine A, tout particulierement dans les régions
ol sa carence est notable. Cette présentation donne un bref apercu des récentes
études qui démontrent que la vitamine A peut réduire la mortalité, fait le point
des connaissances sur les causes et les mécanismes des carences vitaminiques A

et sur les groupes a risque, met en lumiere les interventions qui ont réussi et
8
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donne des informations sur les sources d’information pour la mise en oeuvre de
programmes.

“INTERACTION AVEC INFECTION¢ ~

Plusieurs études épidémiologiques ont démontré qu’il existe un rapport
évident entre la carence vitaminique A et la mortalité juvénile. D’une part,
lorsque les niveaux de vitamine dans le sang sont insuffisants, le risque de
mortalité dii a des maladies infectieuses augmente considerablemert, peut-étre
par suite de perturbations dans le systtme immunitaire. Par ailleurs les
maladies infectieuses précipitent ou aggravent les carences marginales de
vitamine A, réduisant ainsi les niveanux de rétinol circulant et entrainant dans
bien des cas, I'apparition de signes cliniques de carence. Les effets des carences
sur le risque de mortalité ont également été démontrés dans des communautés
ot I'hypovitaminose A est marginale ou subclinique.

“INCIDENCE SUR LA MORTALITE JUVENILE”

Plusieurs études ont mis en évidence le role de la vitamine A dans la réduction
de la mortalité.

Pour cette étude en Indonésie, des enfants ont recu deux doses de 200 000 IU de
vitamine A par an.

Pour cette étude réalisée en 1988, 1’on a utilisé du glutamate de monosodium en-
richi a la vitamine A.

En Inde, les doses hebdomadaires de vitamine A fournies étaicent égales aux
doses recommandées dans la ration alimentaire.

Pour cette étude, deux doses de 200, 000 IU ont été distribuées avec un inter-
valle de six mois. Toutefois, quelques sujets n’ont pas pu étre suivis pour
I’évaluation finale.

Dans le cadre de cette étude réalisée au Népal, des enfants ont recu des doses
chaque trimestre.
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“EFFET SUR LA MORTALITE DUE A LA ROUGEOLE"

Trois études ont démontré que lorsque des enfants souffrant de rougeole aigué
recevaient au moins deux doses de vitamine A de 200 ¢ 10 IU, le nombre de com-
plications et de déces était réduit de moitié. D’'autres études menées en Afrique
ont donné des résultats comparables méme avec des enfants provenant de
communautés qui ne semblaient pas souffrir d’un grave probleme de carence

en vitamine A.

“LE CYCLE DE LA VITAMINE A”

Ce diagramme indique les divers points de I'organisme ott la consommation et
I'utilisation de la vitamine A se produisent. La vitamine A préformée active, ou
rétinol, ne se trouve que dans les aliments d’origine animale tels que le foie, le
lait et les oeufs. Les pigments de caroténe contiennent un précurseur inactif qui
est transformé en vitamine A active, principalement dans l'intestin. Les
compléments vitaminiques A oraux se présentent généralement sous forme de
palmitate de rétinol.

------

La consommation de lipides est nécessaire pour I'assimilation du carotene.
Apres absorption, la vitamine A, sous forme d’esters de retinol, passe ensuite
au foie.

Lorsque I'organisme en a besoin, il libére de la vitamine A sous forme de com-
plexe rétino-protéinique qui circule dans le sang pour atteindre divers points de
I'organisme ot elle contribue a d’importantes fonctions telles que I'immunité,
'adaptation & 'obscurité au moyen de photo-récepteurs et I'entretien de la
membrane des cellules épithéliales. On utilise des techniques d’évaluation pour
mesurer la vitamine A a diverses étapes de son cycle. Ces mesures servent, a
leur tour, a déterminer I’état du sujet en vitamine A.

“METHODES ET CRITERES D’EVALUATION"

On utilise en général une combinaison de plusieurs méthodes pour évaluer
I'état vitaminique d’un sujet. Ces méthodes relévent de quatre catégories.

L'Organisation mondiale de la santé a défini un certain nombre de critéres pour
déterminer si une communauté souffre d’une carence en vitamine A posant un
grave probleme de santé publique. Ces critéres reposent sur des signes
oculaires et des niveaux sériques.

10
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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 développement sont touchés. Au Sommet Mon-
dial de I'Enfance, en 1990, des objectifs ont été fixés et appuyés par les
dirigeants de soixante pays.

A l'intérieur d’une région ou d’un pays, certaines populations sont exposées a
plus de risques que d’autres. Les deux diapositives suivantes résument certains
des facteurs de risque connus qui prédisposent un individu ou une
communauté a la carence en vitamine A.

Ces groupes souffrent de carences vitaminiques car leurs besoins dépassent lar-
gement leur consommation et leurs réserves hépatiques sont faibles.

“LES SOURCES DE LA VITAMINE A”

La vitamine A se trouve généralement dans la nature. Les aliments d’origine
animale tels que foie, poisson, lait — y compris le lait maternel, la viande, et les
oeufs contiennent du rétinol préformé. Les sources végétales telles que les fruits
et les légumes contiennent du béta-caroténe. La vitamine A est aussi disponible
sous forme de compléments — en capsules ou en sirop. Ceux-ci peuvent étre
utilisés en cas d'urgence quand les réserves en vitamine A doivent étre
reconstituées immediatement.

11
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“BESOINS JOURNALIERS”

De faibles quantités d’aliments riches en vitamine A suffisent pour prévenir les
carences. A droite sur cette diapositive vous pouvez voir une liste d’aliments
courants riches en vitamine A accompagnée des quantités que les femmes et les
enfants doivent consommer quotidiennement pour recevoir suffisamment de
vitamine A. Les sources les plus concentrées de vitamine A sont certes les ali-
ments d’origine animale mais les aliments d’origine végétale sont moins
cotiteux. Lorsque le nourrisson a moins de six mois, le lait de la mere suffit.
Chez les enfants plus dgés, d’autres aliments tels que de petites quantités de
carottes, d’épinards ou de mangue mfire sont également nécessaires comme
complément au lait maternel.

Si certains de ces aliments sont consommés en grandes quantités, le foie est
capable d’emmagasiner pendant plusieurs mois la vitamine A qu’ils contien-
nent. Pour faciliter ’assimilation de la vitamine A d’origine végétale, la ration
alimentaire doit contenir une quantité modérée de lipides.

“INTERVENTIONS”

Heureusement, il existe plusieurs options pour prévenir et combattre la carence
en vitamine A.

En général, il convient de combiner diverses interventions.

L’éducation en nutrition, en mettant ’accent sur I'importance de la consomma-
tion de bonnes sources de vitamine A, peut aider les familles et les
communautés a fournir aux groupes les plus vulnérables des apports en
vitamine A 2 intervalles réguliers. Toutefois, dans certains cas, les aliments ne
sont pas directement disponibles et d’autres interventions doivent donc entrer
en ligne de compte dans la stratégie.

La ol les sources d’alimentation sont indisponibles ou onéreuses, des techni-
ques simples de conservation des aliments ou de jardinage peuvent offrir une
solution.

Lorsqu’un grand nombre de familles consomment des aliments transformés en
un point centralisé et que l'industrie alimentaire se trouve a un degré de

12



“CARENCE EN VITAMINE A: NOUVELLES CONNAISSANCES”

développement avancé, I’enrichissement des aliments constitue une excellente
option.

Lorsque des doses thérapeutiques de vitamine A s'imposent dans des cas de
carence prononcée et lorsqu’aucune autre option n’est disponible, des capsules
contenant 200 000 IU de vitamine A devraient étre utilisées.

“EDUCATION EN NUTRITION"

Le processus d’éducation en nutrition comprend un travail de recherche sur le
public destinataire et sur le processus méme de formation, afin de mieux com-
prendre ies groupes a atteindre. Cette tache est suivie de la mise au point de
messages et de supports éducatifs se prétant a ces groupes. Ensuite, des essais
d’envergure modeste sont nécessaires pour rendre les messages et les supports
encore plus pertinents, pratiques et efficaces. Le contenu des messages peut étre
le méme pour divers groupes, mais le choix des mots, la présentation du mes-
sage et les canaux ou media utilisés pour chaque groupe de population
présentent généralement une certaine spécificité.

L’utilisation de compléments de vitamine A est largement répandue. Ces
compléments sont le plus souvent distribués sous forme de capsules cottant en-
viron 0,02 dollars EU par dose de 200 000 IU. Ils peuvent étre commandés
aupres des bureaux de I'UNICEF dans les divers pays. La simplicité de la dis-
tribution de compléments de vitamine A permet de faire appel a toute une
variété de systemes logistiques.

......

La vitamine A étant emmagasinée dans le foie et relachée progressivement en
fonction des besoins, il n’est pas nécessaire de consommer des compléments
vitaminiques tous les jours. Le calendrier présenté sur cette diapositive est
recommandé par I'OMS/IVACG pour la prévention des carences dans les
régions ou les groupes présentant un risque particulierement élevé. Il convient
de noter que les femmes en age de procréer ne doivent pas consommer de for-
tes doses de vitamine A car cela risque de porter préjudice au foetus. Il est une
exception a cette regle qui consiste a donner une forte dose a la mére juste apres
I"acco :chement ou durant les quatre premieres semaines post-partum, époque
durant laquelle le risque de nouvelle grossesse est quasiment nul. Il convient en

13
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outre de noter que les enfants de 6 a 11 mois et ceux qui pésent moins de 8 kg
ne doivent recevoir que la moitié de cette dose.

“CALENDRIER DE TRAITEMENT”

L’OMS et le Groupe consultatif international sur la vitamine A (IVACG) recom-
mandent un calendrier de traitement pour les enfants et les adultes présentant
des carences en vitamine A et accusant des symptdmes oculaires. Ce calendrier
consiste a administrer une dose journaliere de 200 000 IU pendant deux jours
consécutifs, puis une troisieme dose de 200 000 IU au bout de quaire semaines.
De récentes études sur la mortalité attribuable a la rougeole révelent également
que tous les cas de rougeole doivent également recevoir au moins deux doses
orales de 200 000 IU de vitamine A.

“ENRICHISSEMENT”

L’enrichissement des aliments est une autre modalité d’administration de
vitamine A. Cette méthode permet de ne pas modifier les habitudes alimen-
taires étant donné que 1'on utilise les aliments couramment consommés comme
support de la vitamine A synthétique. Pour étre efficaces, ces aliments support
doivent présenter les caractéristiques suivantes :

Cette diapositive portant sur le Guatemala, ol la prévalence des carences
sériques a considérablement baissé en quelques mois, aprés la mise en oeuvre
d'un programme d’enrichissement du sucre, donne une idée de I'efficacité que
peut avoir un programme d’enrichissement dans la lutte contre la carence
vitaminique A.

“COMPARAISON DES INTERVENTIONS”

Cette diapositive présente sous forme synoptique certaines des caractéristiques
des quatre principales intervesritions de promotion de la vitamine A, et men-
tionne leurs différences ainsi que leurs similitudes. Des analyses devraient étre
réalisées dans chaque pays pour décider de I'opportunité des diverses interven-
tions et de la meilleure combinaison.

L’éducation en nutrition et la culture depotagers présentent le moins de condi-
tions préalablement requises; en outre ces deux interventions peuvent étre
mises en oeuvre durablement, et le sont d’ailleurs, sur le plan communautaire.
Toutefois, seuls des compléments a forte dose peuvent avoir une fonction
récupératrice chez les sujets souffrant déja de carences. Les compléments et

I'enrichissement exigent de la vitamine A sous forme synthétique devant étre
1
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importée. Les avantages spécifiques de chaque type d’intervention figurent
dans la derniére colonne.

Indépendamment de la combinaison d’interventions retenue, chaque
programme aura besoin de ces éléments essentiels.

...... LIRE LA DIAPGSITIVE......

Compte tenu du regain d’intérét a I'égard de la carence en vitamine A dans le
monde entier, un grand nombre d’organisations mettent leurs ressources a la
disposition des programmes de promotion de la vitamine A.

Drailleurs il existe peut-étre d’autres organisations dans votre région.

15
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“DEFICIENCIA DE VITAMINA A: AVANCES RECIENTES"”

En los dltimos 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 dicho problema. Estos conocimientos seguramente habran 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 nifos
pequenos, desde los responsables de la formulacién 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, asi como las alteraciones de la funcién
visual, son los que mas llaman la atencion 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 América 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 mucousas que
tapizan el tubo digestivo y los aparatos respiratorio y urinario, ademas de los
epitelios del ojo. El daio que la deficiencia de la vitamina A produce en los
epitelios gastro-intestinal y respiratorio puede facilitar la penetracion de los
agentes infecciosos y aumentar el riesgo de que los nifios se enfermen y mueran
de diarrea y enfermedades respiratorias.

“IMPORTANCIA”

Por qué la vitamina A ha cobrado nueva importancia? Antes considerada prin-
cipalmente como un agente para la prevencién 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 pequenos. Recientemente se ha encontrado que la deficiencia mar-
ginal o sub-clinica de vitamina A es muy frecuente en América Latina y el
Caribe.

Impulsados por dichos hallazgoes, los organismos de las Naciones Unidas como
la OMS, UNICEF y la FAO, y numerosos profesionales de la salud en los paises
en desarrollo estan desplegando grandes esfuerzos para ampliar la gama de ac-

tividades de promocién de la vitamina A, particularmente en las zonas donde
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las poblaciones carecen de dicha vitamina. Esta presentacion incluye una breve
resefa de los estudios recientes que demuestran los efectos de la vitamina A en
la reduccién 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 epidemioldgicos han demostrado que existe una clara
interaccion entre la deficiencia de vitamina A y la morbilidad en los nifics. Por
un lado, cuando los niveles sangtiineos 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 aparicion de signos clinicos de la deficiencia. Los
efectos de la deficiencia s¢ han demostrado también en comunidades en donde
la hipovitaminosis A es marginal o subclinica.

“IMPACTO SOBRE LA MORTALIDAD INFANTIL”

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

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

En este estudio llevado a cabo en 1988, se utiliz6 glutamato monosédico for-
tificado con vitamina A.

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

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

En este estudio en Nepal, los nifos recibieron dosis trimestrales de 200.000 UL
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“IMPACTD SOBRE LA MORTALIDAD POR SARAMPION"

Tres estudios revelaron que con la administracién de un minimo de dos dosis
de 200.000 UI de vitamina A a los nifios con casos serios de sarampion se
lograba reducir el niimero de muertes y de complicaciones a la mitad. Otros es-
tudios realizados en Africa arrojaron resultados similares, atin cuando los nifios
provenian de comunidades que no tenian 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 utilizacién de vitamina A. La vitamina A activa preformada, o retinol, se en-
cuentra Gnicamente en los alimentos de origen animal como el higado, 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.

El consumo de grasas es necesario para la absorcion de los carotenos. Tras la
absorcion, la vitamina A se concentra en el 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 llega a los diferentes pun-
tos donde es utilizada para funciones importantes como la inmunidad, la
adaptacion a la oscuridad por los foto-receptores y el mantenimiento de los
epitelios de las membranas celulares. Se utilizan técnicas de evaluacion para
medir la vitamina A en los distintos 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 combinacién de métodos para evaluar el estado de
vitamina A. Pueden clasificarse en las siguientes categorias.

La Organizacion Mundial de la Salud ha elaborado una serie de criterios para
determinar si una comunidad tiene un problema de salud ptiblica grave de
deficiencia de vitamina A. Se basan en los signos oculares y los niveles séricos.

“CATEGORIZACION DE LOS PAISES DE LA REGION”

En 1988, la OMS clasifico diez paises de Latinaoamérica y el Caribe en tres
grupos segun la magnitud del problema de deficiencia, de acuerdo con los
datos disponibles en ese momento. Con el desarrollo de nuevas técnicas de
diagndstico cuya sensibilidad permite informacién mds completa sobre el es-
tado nutricional de vitamina A en algunos paises, se necesita revisar la lista de
1988.

“FACTORES DE RIESGO”

Ex determinadas regiones y paises, el riesgo para algunos miembros de la
poblacién es mayor que para otros. Las dos diapositivas siguientes resumen al-
gunos de los factores de riesgo que hacen que determinadas personas o com-
unidades tengan propension a la deficiencia de vitamina A.

En dichos grupos, la deficiencia de vitamina A se produce porque la cantidad
ingerida es inferior a la necesaria y las reservas hepéticas 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 carne, 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 pequefas 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 carne, la
mantequilla y los huevos, constituyen las fuentes con mayor concentracion de
vitamina A, los alimentos de origen vegetal son mas econdmicos. Para los nifios
menores de seis meses, es suficiente la lactancia materna; después, se requieren
pequenas cantidades de otros alimentos como las zanahorias, la espinaca o el
mango maduro, ademas de la leche materna.

En caso de que se consuman grandes cantidades de dichos alimentos, el higado
tiene la capacidad para almacenar reservas de vitamina A para varios meses.
Para mejorar la absorcion 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 combinacion de inter-
venciones.

La educacién nutricional es fundamental para recalcar cémo el consumo de
buenas fuentes de vitamina A puede ayudar a las familias y comunidades a
asegurar que los grupos mas 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.

En las zonas carentes de fuentes alimentarias o donde éstas son costosas, la
conservacion de los alimentos y la horticultura pueden colmar la brecha.
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La fortificacion constituye una excelente alternativa en aquellos casos en que
una gran proporcion de las familias de alto riesgo consume alimentos
elaborados centralmente y se dispone de una industria alimentaria avanzada.

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

“EDUCACION NUTRICIONAL”

El proceso de educacién nutricional consiste en una investigacién formativa
para llegar a conocer mejor las précticas alimentarias y sus determinantes.
Luego se elaboran mensajes y materiales apropiados para cada segmento de la
poblacion objetivo. A continuacién, se realizan mini-ensayos para perfeccionar
los mensajes y materiales para que sean practicos y eficaces. El contenido de los
mensajes debe ser similar para todos los grupos blanco, si bien el lenguaje, el
modo de presentacién y los canales o medios utilizados deberan ser diferentes
para cada segmento

“DISTRIBUCION DE LOS SUPLEMENTOS”

Los suplementos de vitamina A se utilizan en forma generalizada. Suelen dis-
tribuirse en cdpsulas que cuestan unos dos centavos de délar estadounidense
por dosis de 200.000 UL Pueden obtenerse en las oficinas de UNICEF en los
paises. La simplicidad de la distribucién de los suplementos de vitamina A per-
mite la utilizacién de numerosos sistemas de entrega.
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“ESQUEMA DE PREVENCION"

Dado que la vitamina A es almacenada en el higado y liberada en forma
gradual, a medida que se requiere, no es necesario tomar suplementos en forma
cotidiana. El esquema que figura en esta diapositiva es el recomendado por
OMS y el Grupo Consuitivo Internacional de Vitamina A (IVACG) para la
prevencion 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 dano potencial al feto. La excepcion a esta
regla consiste en la administracion de una dosis elevada de vitamina A a las
madres inmediatamente después del parto y hasta la cuarta semana sub-
siguiente, cuando las probabilidades de otro embarazo son préacticamente
nulas. Ademads, los infantes entre los 6 y los 11 meses de edad y aquellos que
pesan menos de ocho kilogramos deberan recibir la mitad de la dosis.

“ESQUEMA DE TRATAMIENTO”

La OMS y el Grupo Consultivo Internacional de Vitamina A (:VACG) han
recomendado un esquema de tratamiento para los nifos y adultos con deficien-
cia de vitamina A que presentan manifestaciones oculares. Este consiste en una
dosis diaria de 200.000 UI por dos dias consecutivos, seguida por una tercera
dosis de 200.000 UI cuatro semanas mas tarde. Las investigaciones recientes
acerca de la reduccién de la mortalidad por sarampién ha demostrado que en
todos los casos de sarampion deben administrarse también al menos dos dosis
de 200.000 UI de vitamina A por via oral.

“FORTIFICACION”"

La fortificacion de los alimentos constituye otro medio de proporcionar
vitamina A. Con este método no es necesario cambiar los hébitos de nutricion,
dado que los alimentos utilizados como vehiculos para la vitamina A sintética
ya forman parte de la dieta usual. Para ser eficaces, los alimentos seleccionados
deben tener las siguientes caracteristicas.

“IMPACTO DE LA FORTIFICACION”"

Como lo demuestra esta diapositiva de Guatemala, la eficacia potencial de la
fortificacion para controlar la deficiencia de vitamina A es evidente. La
prevalencia de los niveles séricos deficitarios disminuy¢ fuertemente a los
pocos meses después de iniciada de fortificacion del azucar.
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“COMPARACION DE LAS ACCIONES”

En esta diapositiva se resumen las caracteristicas de los cuatro principales tipos
de intervenciones con el fin de comparar las similitudes y las diferencias. Deben
realizarse andlisis especificos por pais para determinar la idoneidad de cada
intervencion antes de decidirse por una combinacién.

La educacién nutricional y la horticultura tienen el menor niimero de requisitos
previos, y ambas intervenciones pueden ser y son sostenidas por las com-
unidades. Sin embargo, los suplementos de dosis tinica pueden satisfacer las
necesidades de las personas que ya padecen de deficiencias. Tanto los
suplementos como la fortificacion requieren la importacién de vita-

mina A sintética. En la dltima columna figuran las ventajas particulares de cada
intervencion.

Independientemente de la combinacion de intervenciones, todo programa
deberd contar con los siguientes elementos esenciales.

En vista del renovado interés mundial en la deficiencia vitamina A, toda una
gama de organizaciones estdn ofreciendo programas para fortalecer las ac-
tividades relacionadas con la vitamina A.

Podrian existir otros organismos en su regién particular.
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@ Evidence of increased mortality
risk in deficient infants and children

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

@ Widely present in nature and available
in synthetic forms

VIAL



Vitamin A deficiency =" Morbidity

Epidemiclogic Studies

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

Infections precipitate vitamin A deficiency
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_Magnitude of the Problem

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"



11

______ Risk Factors =~

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

Age - pre-school, post-weaning

Socio-Economic Status - poverty

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



_Risk Factors (continued)

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

VIRAL



PREPARANDOSE
PARA TENER
UNA BUENA lACTAlA
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Lactatmg
o Women

® . .
. i

* In addition to breastfeeding up to 24 months
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3 Formative " o> Revise/Develop Messages,
Research Materials

Mini-Trials With <
Target Groups

What ?

Why important (&2 When and where to obtain
What lccal foods are best supplements

)y How to enrich weaning ¢» How to grow vitamin A-rich
foods focds
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Immunization/EPI

Diarrheal Disease Control/ORT
Maternal and Child Health (MICH)
Pediatric and Well-Baby Clinics
Maternity and Newborn Care

"A wide
range of
existing
distribution
channels
can be used"

Family Planning
Private Practitioners
Primary Schools

VIAL



O Children 12-72 months

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

Lactating mothers

200,000 U
every 3-6 months

100,000 IU
every 3-6 months

200,000 1U

once at delivery or
during the following
4 weeks

VIRL



Eye Signs of Vitamin A Deficiency

For children 12-72 months old and adults except
women of chlldbearmg age

- i

1 st Dose- Immedlately on dmgnosus 2QJOOO lU* B

2nd Dose. The follqwmg day 200 006 IU*

3rd Dose° 4 weeks Iater 200 OOQ lU*, If possuble

* Half dose or 100,000 IU for infants under 12 months or less than 8 kg

VIAL
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____ Fortification

Food Vehicle Should Be:

@ Consumed by high-risk groups

Consumed in consistent amounts
Processed centrally

@ Easily fortifiable with available technologies

Examples:
Butter, Margarine, Cooking Oil....... U.S., Europe
Milk.................. U.S., Europe
Sugar............... Guatemala, El Salvador
MSG................. Indonesia

vipL
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Fortification Started

% Serum Samples Below 10 ug/100 ml

1975 1976 1976 1977 1977
Oct-Nov April-May Oct-Nov  April-May Oct-Nov

Survey Period VIAL
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_Each Program Will Need _

Training
Supplies

Policies, Guidelines

Technical Assistance, Funds

Monitoring, Evaluation Systems

Nutrition Education, Formative/Consumer
Research

VIAL
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~Resources for Vitamin A Progra ms

@ USAID: Office of Nutrition/Washington,
and country missions

WHO, PAHO
é¢a3 UNICEF
& FAO

@& VITAP/HKI

J IVACG



Training

Assessments

Applied Research

Publications, Information
Program Planning and Evaluation

1616 N. Fort Myer Drlve, Smte 1240 '_
Arlmgton, VA 22209, U S.A L

Phone. (703) 841-0652
FaX° (703) 841 1597
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S Risque de mortalité accru chez les
enfants et les nourrissons souffrant de
carences

@ Des interventions simples et
économiques peuvent étre ajoutées
aux programmes existants

@ Abondante dans la nature et
disponible sous forme synthétique
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Carence en vitamine A Z— morbidité juvenile

-

Etudes épidémiologiques

Les carences marginales augment le risque
de mortalité

Les maladies infectieuses précipitent la
carence en vitamine A
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J Sigras et symptomes:
— Héméralopie/cécité nocturne > 1.0%
— Xérosis cornéenne/ulcération/kéiratomalacie > G.01 %
— Taches de Bitét > 0.5%
— Cicatrices cornéennes > 0.05%
Niveaux sanguins:
— Rétinol plasmique < 100 pg/l > 5.0 %
— Rétinol plasmique < 200 ug/l > 15.0%
Ration alimentaire
o) Autres méthodes:
— Cytologie a Impression Conjonctivale
— Adaptomeétrie a I'obscurité

VIpL
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e —Hemeraloplelcet:_te nocturne>1 0% S

= Xérosis cornéenni /uilceratlonlkeratomalacle > 0 01 %
   —TachesdeBltot>05% S

= Clcatrlces corneennes S 0. 05% -

;o _ | g

-

S DI

,_,vaeaux sangums. B
~—Rétino] plasmlque < 100 ugll s 5 O % =

-

BRI Retmol plasrmque < 200 pg/| > 1 5 0% R
Ratlon allmentalre

= Cytologle a Impressmn Conjonctlvale;’, R

.'_—Adaptometrlealobscurlte SR e
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Objectif mondial: "Eradication virtuelle de la carence en vitamine A
et de ses conséquences, dont la cécité, d'ici I'an 2000"



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

Age - préscolaire, post-sevrage

Conditions socio-économiques - pauvreté

Santé - malnutrition protéino-énergétique, infections

vIpL



__Facteurs de risqu

Saissonniers- période de pénurie alimentaire,
poussées saisonniéres de maladies lorsque
les besoins sont plus élévés

Catastrophes - sécheresse, camps de réfugiés

Regions a haut risque - régions rurales arides,

régions agricoles marginales, prix élevés des aliments,

grandes fluctations saisonniéres des aliments riches
en vitamine A

VIpL
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_Besoins journaliers

Enfants -
*05mms |
| | 6-11 mors'* j : 3 _’
_12-35 mols 5:1 X :

* En plus de I'allaitement maternel jusqu' a 24 mois.



e

Educat;on en
nutrltlon

o C om pl em e nts




Révision, mise au point des sy
messages/supports

en formation

b lise en "Mini-essais"
oeuvre avec groupes cibles

Objet

S
ST

Raisons de son importance ) Quand et ou obtenir des

t) Meilleurs aliments locaux compléments?

g Comment enrichir les aliments g Comment cultiver des

~ de sevrage aliments riches en vitamine A

VIpL



Vaccination/PEl

Lutte contre les maladies diarrhéiques/TRO

- Santé maternelle et infantile (SMI)
divers canaux

de distribution
déja existants"

Dispensaires de pédiatrie
Maternité et soins du nouveau - né
Planification familiale

Practiciens privés

Ecoles primaires

vIpL



Enfants 12-72 mois

Enfants 6-11 mois
et moins de 8 kg

Méres qui allaitent

200000 1U
tous les 3 a 6 mois

100000 1U
tous les 3 a 6 mois

200000 IU

une fois apres I'accouchement
cu dans les 4 semaines qui
suivent

VIRL



___ Calendrier de traitement

Signes oculaires de la carence en vitamine A

Pour les enfants de 12-72 mois ct les adultes, sauf les
femmes en age de procreer

1e dose. des Ie dlqg"hostlc 20000,]:_ “ \

2e dose. le lendemam 200000 lu*

* Moitié de la dose ou 100000 IU pour les nourrissons de moins de
12 mois ou moins de 8 kg

YIjL
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L'aliment enrichi doit étre:

@ Consommé par les groupes a haut risque

& Consommé en quantités réguliéres

&J Transformé centralement

LJ Facile a enrichir avec les technologies disponibles

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

VIRL
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_ Effet 4e I'enrichissement: Guatemala

Début de enrichissement

% échantillons sériques
inférieurs a 10 ug/100 ml

1975 1976 1976 1977 1977
Oct-Nov Avril-Mai Oct-Nov Avril-Mai Oct-Nov

. . VITAL
Durée de lI'étude



Education
nutritionelle

Capsules/
compléments

Horticulture

Enrichissement

,;;idlstrlbutuon et dq, |
- suivi .

','Ahment support
;'technologle, ,
reglementatlon, suwn
= encouragements a
o mdustne allmentalre

~"0~./"

- Prévention, -~ " Oui 7
Traitement” - -

' Facilement adaptable .

' Effet visible

Communautes

' receptlves

: Prouvé_s .efficaces
- les pays
industrialisés

ML



23

Eléments de programm

Formation
Fournitures

Politique générate, lignes directrices

Assistance technique, fonds

Systemes de suivi et d'évaluation

Education en nutrition, recherche
formation/consommateur

VIIAL
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@ USAID: Office of Nutrition/Washington,
et les misions

OMS
é¢a UNICEF

J VITAP/HKI

i l VA C G

our-les programme

VIRL
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ine A: USAIDIVITAL

Formation

Evaluation

Recherche appliquée

Publications, information

Planification et évaluation de programme

Telephone' (703) 841.-0652
Telefax. (703) 841 1597
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O Evidencia de que su deficiencia
aumenta el riesgo de mortalidad y
morbilidad en los ninos

@ Es facil incorporar las intervenciones a
los programas existentes

9 La vitamina A esta presente en la
naturaleza y esta disponible en forma
sintética

VIAL



__Interaccién con infecciones

vitamina A N

infecciones

Estudios epidemioldgicos

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

® Las enfermedades infecciosas agravan o
precipitan la deficiencia VgL
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Indonesia
1986
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Indonesia
1988
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1990
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1950

VTN T



Muertes por 100 casos

Control

Vitamina A

Tanzania S. Africa

VIAL



K S
.,“ : Absorclon,
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1
T
i
Dénde

1
Formas @ B caroteno : €”‘ B Caroteno
| (allmentos) : RN P
&Retmol N *
1
g
i

(allmentos) Retinol | :

{Zs R.Palmitato | = . =
(suplemento -
T
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. — ]

‘*"é Retmol

complejo
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S|gnoslsmtomas clmlcos-. S e
-~ Ceguera nocturna>1.0% - -~ . . '
-ManchasdeBltot>05% ~ .\ | e .
Xerosui cornea\{,‘lceracmn corneallqueratomalacla > 0 01 %
- Cicatri corneaf >/0'05% LT : : =
_vaeles sangumeos. A
~ Retingl-en plasma <10 pgldl >5.0 % L
e - Retmol en plasma < 20 ugldl > 15 O%

COnsumo allmentarlo

. 'fOtros metodos-' b R S
- Cltqlagla de Impresmn Conjuntlval
- Adapto Relia a Ia oscundad




__Métodos diagnésticos'y criterios

O Signos/sintomas clinicos:
- Ceguera nocturna > 1.0%
- Manchas de Bitot > 0.5%

- Xerosis corneal/ulceracion corneal/queratomalacia >
0.01 %

- Cicatriz corneal > 0.05%
Niveles sanguineos:
- Retinol en plasma < 10 pg/dl > 5.0 %

- Retinol en plasma < 20 ug/dl > 15.0%
o Consumo alimentario
Otros métodos:

- Citologia de Impresiéon Conjuntival
- Adaptometria a la oscuridad

VIAL



ion de los paises de la regién

A B C
Significativo Probablie Sin problema?
OMS, 1988
Brasil El Salvador Bolivia
Haiti Guatemala Ecuador
Honduras Jamaica
México
Peru
VITAL, 1992
Brasil Belice Argentina
El Salvador Bolivia Chile
Guatemala Ecuador Colombia
Haiti Honduras Costa Rica
Republica Dominicana México Jamaica
Nicaragua Paraguay
Panama Uruguay VIDL
Peru Venezuela
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L Factoresderlesgo L

Alimentacion - 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-escoliar, después del destete

Nivel socio-economico - Condiciones de pobreza

Salud - Desnutricion proteico-caldrica

Infecciones (respiratorias, urinarias, gastrointestinales)

Sarampion vinL



' (c ontmuac| 6“)

Estacionalidad - sigue e! patrén de las
enfermedades infecciosas, periodos de escasez de alimentos

Emergencias - Sequias
Campos de refugiados

Zonas de alto riesqo - Areas rurales aridas

Areas de produccién marginal de alimentos o altos precios
de los alimentos

Areas con fluctuaciones estacionales en el suministro o
costos de alimentos ricos en vitamina A

VIIAL
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' Mango :
- - maduro
0-5 ‘meses

6-11 meses* 300

12-35 meses*. 51 _‘ 2

M\u;eres ,
embarazadas | *_ R

& Mu;eres en
lactancla

* Con leche materna hasta 24 meses VI



Educacién

Ll

nutricional

VL



snvestigacion cueea
formativa mensajes/materiales

""""""" |mp|antac'6 3 = Pruebas con el
grupo objetivo
Queé ?
©® Importancia ® Dénde y cuando
® Fuentes alimentarias conseguir capsulas
@ locales ® Técnicas para huertos
Enriquecer preparaciones familiares
para el destete con VIl

vitamina A



O Immunizaciones/PAl

O Control de enfermedades
"Existe una
amplia gama
de canales
de distribucion
que pueden
utilizarse"

O diarreicas

© Atencion maternoinfantil

O Atencién pediatrica

O Atencion materna y del recién

O nacido

O Pianificacion familiar
Medicos privados y otros

Escuelas primarias vigL



___Esquema de prevencién

Nirnos de 12-72 meses

Ninos de 6-11 meses

0 que pesan menos
de 8 kg

Madres en lactancia

200.000 Ui
cada 3-6 meses

100.000 Ul
cada 3-6 meses

200.000 U1l

una vez después del
parto o dentro de las
siguientes 4 semanas

Vi



Signos clinicos oculares de deficiencia de vitamina A

Ninos de 12 a 72 meses y aduitos con excepcion de
Ias muleres en edad reproductwa

AI dlagnostlco. 200”000 UI*

- AI dla S|gu|ente' 200 000 UI*

4 semanas mas tarde: 200000"'* e

* Ninos menores de 12 meses, 0 que pesan menos de 8 kg: 100.000 Ul

VinL



El vehicuio debe ser:

© Consumido por la poblacién objetivo
©® Consumido en cantidades constantes
® Procesado centralmente

© Fortificable facilmente con la tecnologia disponible

Alimentos cominmente fortificados con vitamina A:
Mantequilla, margarina, aceite de cocina....... EE. UU., Europa
Leche........ semanasans EE. UU., Europa
Azucatr...............Guatemala, El Salvador
Glutamato Monosddico................. indonesia

vIpL


http:Leche..................EE
http:cocina.......EE
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-Impacto de la fortificacion:

Comienzo de la fortificacion

% de muestras con menos de
10 ug/dl de retinol sérico

1975 1976 1976 1977

1977

QOct-Nov Abril-Mayo Oct-Nov  Abril-Mayo Oct-Nov

Periodo de la encuesta VIRL



Necesidades Gasto de

especiales Beneficios Objetivo Divisas Otros
Educacién N R
nutricional No® .= a ‘%SbStehidb's s Preivencidr‘r ~ % No - . Féacilmente adaptable
Suplementos/ .'Slstemas de De corto 'Prevenclon,, S| " Impacto visible
Capsulas dlstrlb_uc;é plazo PR ,Tratamlento B ' '

] : \“,--"‘ R : SN R R -; . . -

Horticultura | Summlstro ~ - Sostenjdos - Prevencion - .’ “No - “Buena respuesta |

deagua R T A /ﬁo umtana, Y

T e

Fortificacion 'v_eg:culo; . — ' Prevencion ' 'Si__ . Eféctividad
- alihentario” =~ -~ "' S demostradaen P
Tecnologia - . - ' - ' . paises |
Regulaciones” .~ .. . . T desarrollados
' Sistemade | ' . ' S
~monitoreo .
_Incentnvos la - . .
'mdustrlaa mentos:_‘ .

YIRL



__Elementos de un programa

D Politicas

©® Normas técnicas

©® Capacitacion

© Suministros

® Educacion nutricional y comunicaciones

© Monitoreo y evaluacioén

© Asistencia técnica y financiamiento

VIRL
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Los recursos para los programas

@ USAID: Office ot Nutrition/Washington,
y los misiones

OMS, PAHO
iINCAP
UNICEF

D FAO

D VITAP/HKI
IVACG

VIpL



_USAID/VITAL (proyecto de vitamina A)

® Estudios de prevalencia

® Planificacion y evaluacion de programas
© Capacitacion

© Publicaciones, informacién
Investigacién aplicada

1616 N. Fort Myer Drlve, Suite 1240;
. Arlmgton, VA 22209, E.U

Telefono' (703) 841\0652 '
Fax' (703) 841- 1597 '

VIRL



MINIREVIEW

Vitamin A Status: Relationship tc Immunity
and the Antibody Response (434364

A. CATHARINE RoOss'

Duviston of Nutrtion, Departments of Phyvsiology and Biochemusiry and Pediatnics. Medical College o1 Pennsvivana,
Philadelplua. Pennsvivama §9129

itamin A (retinol and its denvatives) i1s essential
\ / for a vanety of biologic processes. many of which
are related to growth. cellular differenuation.
anu cell-cell or cell-substrate interactions. Within the
last 3 vears. there has been a renaissance of interest in
vitamin A and immunity that is based largelv on three
important advances. First, a number of controlled.
field-based or hospital-based. studies have demon-
strated that vitamin A suppiementation can decrease
mortality in preschool children in populations at high
nisk for vitamin A deficiency. Although a mechanistic
link between child survival and improved immunity
has vet to be established. 11 seems quite probable that
at least some of the benefit of vitamin A is due to
restoration of epithelial barriers and improved resist-
ance 1o respiratory and gastrointestinal infecttons. Sec-
ond. vitamin A. cither in the form of retinol or its
metabolite. retinoic acid. has been shown 1o stimulate
the rejection of certain iminunogenic tumers: this effect
may be due to enhanced immunologic surveillance.
Third. there has been a swell of interest in vitamin A’s
mechanism of action in nearly all organ svstems as the
result of the identification of nuclear receptors for
retinoic acid and. consequently. advances in under-
standing the role of retinoic acid in gene regulation.
Vitamin A deficiency. even in relatvely early
stages. 1s associated with impairment of linear growth.
cartilage. and bone development and changes in epithe-
lial cell differentiation and function (1). ii’ vitamin A

Tu wnom requests tor reprints should be addressed at [Division of Nutnuon.
Department of Physiologs and Biochemistrv. Medical College of Pennsylvania.
3300 Henny Avenue. 318-R. Philadelphia. PA 1912y

PS E.B.M. 1992, Vol 200: 303-320

(037-.97277/92/2003-030353.00/0
Copvright ¢ 1992 by the Society for Expenimental Biology and Medicine

deficiency is allowed 10 perstst. animals either succumb
or. if thev survive, develop progressive xerophthalmia
leading 1o blindness. In parts of the developing world.
particularly Southeast Asia and sub-Saharan Afnca.
xerophthalmia remains a significani. and preventable.
public health problem (2).

Both citnical and expenmental evidence has shown
that vitamin A deficiency is associated with decreased
resistance to infection. Vitamin A deficiency could
affect immunuty through a number of mechanisms
including (1) changes in Ivmphopoiesis and ivmphocvte
maturation. (it) abnormal cviokine production. (1)
altered membrane structure affecting recepiors for an-
tigens. accessory molecules. or cvtokines. (1v) increased
penetration of bactena. vires. and parasites through
epithelial barners. and (v impaired clearance of path-
vgens by cvtotoxic and phagocyvtic mechanisms,

The pnncipal tocus of this review will be on an
examination of the evidence that vitamin A status.
ranging from frank vitamin A deficiency to the highly
supplemented state. has an important influence on the
immune svstem and 1ts vanous modes of response.
Aspects of cellular immunity and nonspecific immunits
will be considered. but the major emphasis will be on
the humoral antibodyv response. From this review. it
should be possible to identifv some of the cntical gaps
in knowledge as well as some of the wayvs that new
information may be used in future experiments and to
improve intervention strategies in human populations.

Historical Background. Previous Reviews. and
Overview

The potential relationship between vitamin A sta-
tus and infectious disease has been appreciated for
decades. The discovery of vitamin A in 1913 by Mc-
Collum and Davis (3) was followed in the 1920s by
Bloch’s (4) description of an association of vitamin A
defictency with malnutrition and by the histologic stud-

VITAMIN A AND IMMUNITY 303



ies of Mori (5) and Wolbach and Howe (6). who dem-
onstrated that vitamin A is required for maintenance
of normal epithelial morphology. Soon afier the tden-
tification of vitamin A as an essential nuurient. investi-
gators began 1o studv expenimental and natural infec-
tions 1n animals and to correlate these observations to
human pathology (see Table I). Werkman (see Ref. 7)
reported 1in 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 actvity ap-
peared to be decreased. Mortality to mouse tvphoid
was reported to be greater in vitamin A-deficient mice
than in mice fed an adequate diet (7). In the late 1920s.
Green and Mellanby (8. 9) showed that amimals fed
diets deficient in vitamin A and carotene often died
with histopathologic evidence of infections, largely of
the tongue. eves. and bladder. Such spontaneous infec-
tions were seen very rarelv in rats fed the same diet plus
vitamin A. Lassen (7) reported decreased resistance to
a specific infection 1n vitamin A-deficient rats. In con-
trast to control rats. which recovered after infection
with paratyphoid bacilli. nearlv all vitamin A-defictent
rats died: similarly, whereas few bacteriologic cultures
of normal rat tissues were pcsitive. many of the cultures
from vitamin A-deficient rats were positive. including
those of the mesenteric lvmph 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 ratuer that infection
persisted in the vitamin A-deficient state. Thus, by
1930. expernimental 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 1s likelv to prolong or exacerbate
the course of illness. In an impontant review in 1968 of
over 350 experimental studies on nutrition and infec-
tion disease. Scrimshaw er al. (10) wrote that “no
nutritional deficiencv is more consisiently svnergistic
with infectious disease than that of vitamin A.” Subse-
guently. 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 vitumnin
A status and the immune response. Each species has
certain advantages: for example. the metabolism of
vitamin A has been studied most extensively in the rat.
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Table I. Observations on Resistance to Infection in
Vitamin A-Deficient Animals?

Species  Reference
| Resistance to typhoid. anthrax, Rat 7
and paratyphoid bacilli
| Resistance to endogenous in-  Rat 120
fection
| Resistance to Escherichia coli  Chick 49
infection
Histopathologic evidence of infec- Rat 8
tion
Longer survival of «itamin A-defi-  Rat 21,22, 24
cient animais when germ-free or Chick 23
given antibiotics
t Corneal inflammation. ulceration, Rat 34
and necrosis after herpes virus
infection
1 Leukocyte infiltration and cor-  Rabbit 79

neal ulceration after Pseudo-
monas aeruginosa infection

impaired clearance ot parasites
and t worm burden

Intestinal vilius destruction in vita-
min A deficiziicy combined with
rotovirus i fection

| Clearance of £. coli and | in Rat 120
vitro phagocytic activity

| Antibody respcnsa to Schisto-
soma mansoni infection

| Antibody response to Newcastle Chick
disease virus or Salmonelia pul-
lorum antigen

Rat. mouse 81

Mouse 78

Rat 81
44,75

¢ See also earlier reviews (10, 11).

and. thus. the nutnitional requirements. rates of tissue
exchange of retinol. transport proteins. and cellular
retinoid metabolism are best charactenzed for this spe-
cies (1. 12). The number of inbred strains of rat is tewer
than for the mouse. but this species still provides op-
poriunities to dissect interacuons that are restricted by
histocompatibility loci. Vitamin A deficiency can also
be induced in the mouse (11, 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 retinvl 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 is eliminated
from the body only after several passages between liver
and penpheral tissues (17). therefore. depletion of es-
tablished vitamin A reserves occurs very slowlv. Be-
cause chronic vitamin A deficiency is associated with
iuss ot appetite and inanition. the later stages of vitamin



A defictency are usually compounded by general mal-
nutrition. Two nutntional paradigms have been utilized
to produce vitamin A deficiency in a timely {ashion
and to attempt to balance of overcome the concomitant
cffects of rrotein-energy mainutnition (11. 14). One
strategy 1s to eliminate all forms of vitamin A from the
diet of young. growing animals to induce deficiency
and to parr-teed control animals with vitamin A-defi-

clent animals so as to maintain nearly equal rates of

growth. Ths strategy works well during the early stages
of vitamin A deficiency. when anorexia is not severe.
Vamin A depletion may be achieved even more rap-
iy 1f nursing dams are fed a vitamin A-free diet to
hmut transter to the voung via milk. or if pups are
wedaned from their da.ms onto a vitamin A-free diet a
lew days carher than usual (e.g.. when rats are 16-18
dnvs old) (13, 18, 19). A second strategy. retinoic acid
cveling, developed by Lamb and colleagues (20). makes
use of the observations that (i) retinol-deficient animals
crow well if they are given supplemen-ary retinoic acid.
and tin) very Iittle rettnoic acid 1s stored. If retinoic acid
i~ removed trom the diet of retinol-deficient amimals, a
rapid and nearly svnchronous vitamin A deficiency
cnsues. This strategy minimizes the effects of anorexia
and mainutntion: 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 er al. (14). it has not vet been demonstrated that
the two methods of vitamin A depletion have com-
parable effects on the immune svsiem.

Resident intestinal bacteria may infiuence nutrient
svanlability and affect the immune response through
the agency of bactenal products (e.g.. endotoxins and
enterotoxinst. Most studies have been conducted with
convenuonally housed animals having normal micro-
fora. Vitamin A-deficient. germ-free rats and chicks
tave been reported to survive longer than convention-
iy housed controls (21-24), as have vitamin A-defi-
ctent rats supplemented with antibiotics (24). The rea-
sons for prolonged survival have not been determined.
but the absence of infection would seemn 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 lvmphoid organ mass. cell distribution.
histology. and lvmphocyte 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 1o develop a leukopenia characterized by an
increase in neutrophils and a decrease in the number
of circulating lvmphocyies (23). 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 thvmus
were unchanged early dunng vitamin A depletion (23,
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 spicen cellulanty was
observed in rats without external signs of vitamin A
deficiency: this difference reached statistical signifi-
cance as deficiency progressed and vitamin A deficiency
became chinically 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 anyv marked differences. This dis-
crepancy may be due to differences in the severity 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.
Thymic atrophy has long been known to be associated
with protein-energy mainutrition i children (reviewed
in [32]). A different picture has been reported for the
mouse: vitamin A deficiency alone had no effect on
Ivmphoid organ weight or cell number. but vitamin A
deficiency combined with inanition resulted in signifi-
cant enlargement of the spleen (33). Enlargement of
regional lvmph nodes has alsn been observed in both
rats and mice (6. 18. 33-35) and is thought to result
from accumulation of cell debris and ahered 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 lvmphocyies (8.
36). Surpnsingly. vitamin A deficiency did not result
in significant shifts in the percentage of total T cells or
the distnbution of T cell subsets (helper and suppressor/
cvtotoxic) or of IgM- or IgD-positive B lvmphocyvies
(18. 36). This picture contrasts with that reported for
human protein-energy mainutrition. in which the frac-
ton of helper (CD4*) T cells was reported to be de-
creased (37).

The recent cell culture experiments of Buck er af.
(38) suggest a role for retinol as a specific growth factor
for B lvmphocvies. When human Epstein-Barr virus-
transformed B lvmphocytes were cultured at low den-
sity in serumfrec medium. growth ceased and most cells
died within 24 hr. The addition of serum or delipidated
serum protein recombined with the lipid fraction was
sufficient to restore growth. as was the complex of
retinol with serum retinol-binding protein. Studies with
acuvated B cell blasts from spleen revealed a similar
requirement for serum or retinol. The investigators
were able to identify a new meabolite of retinol. 14-
hvdroxy-4. 14-rerro-retinol. as an active component of
the culture medium (39). In contrast. the addition of
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all-trans-retinoic acid did not support growth of these
B cells. These intriguing studies suggest a selective role
of retinol as a factor. or cofactor. in B cell proliferation.

Vitamin A Deficiency and Cell-Mediated Immunity

The term celi-mediated immunity (CMI) was orig-
inally used to describe localized reactions to pathogens.
mediated by lymphocvtes and macrophages. and is now
more generally used to describe cellular responses in
which antibody plavs a subordinate role (40). The ef-
fector cells in CMI include cvtotoxic T cells. macro-
phages, and natural killer cells. which destrov infected
or foreign cells through some combination of direct
contact, secretion of soluble ractors. and recruitment of
other inflammatory cells such as neutrophils. Delaved-
tvpe 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 picrvl chloride (42) was significantly re-
duced. However. in a studv of Bangladcshi children.
there was no difference in DTH response betore and
after vitamin A supnlementation (43). Reports on DTH
responses in humans have not been consistent. perhaps
due to contounding of protein-energy malnutrition
{14), which generally leads to impaired DTH.

A recent study has provided evidence that the
function of cvtotoxic T lymphocvies 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 pnmary antiviral response (44). After reinfection.
cytotoxic actvity was detected in the peripheral blood
lvmphocyvies of normal. but not of vitamin A-deficient.
chicks. If the human cytoxic T lvmphocvte response is
similarly depressed. these expenimental results would
appear 1o have implications for the recovery from viral
infections of voung children with marginal vitamin A
status. As noted by Thurnham (45) and others. humoral
immunity develops slowly in voung children. and their
reliance on cell-mediated immunity is relatively greater
than is that of older humans.

The proliferative response of lvmphocvies after
stimulation with mitogens has frequently been used to
assess CMI in vitro or to demonstrate the activation
state or proliferative potential of cells ex vivo. This
method has been applied to determine whether vitamin
A deficiency. or repletion with retinol. alters cellular
responses 1o mitogens which specifically stimulate T or
B lymphocvtes (see Nauss et al. (14) for methodological
considerations). There is good agreement that the pro-
liferative response of splenic lvmphocvies is decreased
in vitamin A deficiency (11. 18. 25. 27. 28. 46-48).
However. in contrast. the response of cells from other
lvmphoid tissues has not been consistent. In studies
with good nutritonal control. Nauss e al. (18, 29)
determined lvmphocyte proliferation at various stages
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of vitamin A deficiency after spleen. cervical. and
mesenteric lvmph 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 proliferation). or lipopolvsacchande
(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 lymphocvies were obtained (18. 25. 48). Thus.
no simple pattern of cell proliferation corretated 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 ¢z al. (49) reported a delaved prolif-
cration of leukocvies from vitamin A-deficient chicks.
In our laboratory. the proliferation of splenic lvmpho-
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 ‘S, Sri Kantha and A. C.
Ross. unpublished results). These results suggest that
the kinetics of signaling mav 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 cvtotoa-
icity” and are thought to be especially imporant in the
surveillance of virus-infected cells. These cells also se-
crete a number of soluble factors and play a regulatory
role in hematopoiesis and antibody formation {50). Nk
cells are able to bind to and lvse certain tumcr cells
without prior antibody sensitization and without re-
stnetion by major histocompatibility tvpe. NK cells
also have charactenistic surface receptors for the Fc
portion of IgG or IgE through which thev 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 cviokines. of which
v-interferon (IFN) is prominent. The interferon so pro-
duced can further increase the cviolvtic 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 been associated with
significantly decreased NK cell cytotoxic activity in rat
spleen cell preparations (33, 52). but not in cells from
the cervical lvmph nodes (35). After vitamin A-deficient
rats were repleted orally with retinol. NK cell cvtolvtic
activity of spleen returned 1o 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



sumulauon ot spleen cells 1 virro 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 penpheral blood mononuclear cells of voung
children with acute measles (33). Although a connec-
lion to vitamin A status was not established in this
work. serum retinol concentrations have been shown
10 be reduced during acute infection. and vitamin A
therapy has been etfective 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 vuro. which indicates that the potential for
hvuic 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 antibody response. including the production
ol antibody-secreting plasma cells and memory B and
T cells. :s the mechanism bv 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 1o appro-
pnate T cell receptor-class I complexes that initiate the
production of IL-2 and other factors that drive B cel]
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
sccondary response. re-exposure of memory Band T
cells to antigen leads to a rapid and much greater
production of high-affinity 1gG antibodies. The re-
sponse to some other types of antigen. for instance.
bacterial polysaccharides. is typicaily of the pnmary
1vpe 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 pant of the World Health Organiza-
tion’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 of
clinical interest but are not vet 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. compansons and contrasts in the
immune response can be appreciated.

Tetanus Toxoid. Neonatal tetanus due to infection
with Clostridium tetani has been reduced significant]y
as a result of vaccination with tetanus toxoid. Even
now. however. it is estimated to be the cause of over
750.000 deaths each vear (54). In contrast to the other
vaccines of the Expanded Program on Immunization
which are directed 1o voung children. the main target
population for immunization with tetanus toxoid is
pregnant women. Antitoxin titers have been shown 1o
increase with cach subseq.cut immunization. Three
immunizations induce high and durable antitoxin levels
(55). Of the vaccines used in this and other immuni-
zauon programs (those against tetanus. tuberculosis.
diphthena. measles virus. whooping cough. and polio).
most reports on vitamin A and immunity have con-
cerned tetanus toxoid. Table 11 provides a summary of
human and expenmental investigations with this anti-
gen.

The role of vitamin A status in the response o
tetanus toxoid has been investigated in both humans
and animals. Brown ¢r al. (43) conducted a ficld swudy
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 voung children were matched
by age and sex and assigned randomlv 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 onlv. A second dose
of tetanus toxoid. but no additionai vitamin A. was
administered 4 weeks later. Baseline serum vitamin A
concentration equaled 0.5 umol/liter.” indicatve 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 10
demonstrate that vitamin A administration increased
plasma retinol. nor was information on infections pro-
vided.

Semba ¢r 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

‘ Concentration data ongmally presented 1n units of up/dl have been converted
10 molar (Sh units (28.6 ug, dl equzis | wumob/hitery. For unttormty in compar-
ing the amounts of dietarv vitamin A used 1n vanous studies. data onginalis
presented in International Units (1L) have been convented to mg of vitamin A
{reunol}. or me of rennvi palmiate when specified. One 1U equals 0.3 ug of
reunol or U.35 ug of retinyvi paimntate.
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Table Il. Field-Based and Experimental Studies of Vitamin A Status on the Antibody Response

to Tetanus Toxoid?

Situation/model Vitamin A treatment Immunization

Qutcome

Reference

Children (mean 39 months) n

Bangladesh VA along with first

immunization with
TT
Children. 3-6 years in Indonesia, Half of each group re- DPT vaccine given 2
divided into two groups based  ceived 60 mg of VA weeks after treatment
on ocular status (mild xero- orally, or placebo with VA
phthaimia vs normal eyes)

TT 4 weeks later

Rat, VA-deficient, compared with No supplementation  DPT vaccine, im
pair-fed and ad /ibitum-fed con-

trols

Rat, VA-deficient, compared with 0.03 mg/day for 7 TT. iv
pair-fed and VA-repleted rats days before immuni-

7ation

Rat, VA-deficient. compared with 1.5 mg orally divided TT, ip
pair-fed and VA-repleted rats into two doses
given 4 days before
and on the day of
immunization
Rat. VA-deficient, compared with 1.5 mg orally as single TT, ip
pair-fed controls and VA-re- dose either 1 day
pleted rats after first immuniza-
tion or just before
secondary immuni-
zation

Combined immunization
with TT, BCG, and bo-
vine y-globulin, ip

Mouse. normal diet 1 mg im 3 times

Half received 60 mg of Immunized with TT at time Immunization resulted in in-
of VA: reimmunized with

creased anti-TT titers, but
no difference due to VA

Anti-TT titers 3 weeks after
immunization were higher
in children given VA re-
gardless of previous ocu-
lar status

Anti-TT titers were less for
VA-deficient than for con-
trol rats fed id libitum,
but were not different
from pair-fed controls

Anti-TT titers of VA-defi-
cient rats were lower
than those of either con-
trol group; most supple-
mented rats had a normal
anti-TT titer

Primary anti-TT IgM con-
centration lower in VA-
deficient rats; normalt re-
sponse after VA repletion

Primary and secondary IgM
and IgG concentrations
lower in VA-deficient rats;
repletion at time of pri-
mary immunization led to
normmal primary and sec-
ondary responses. Reple-
tion before secondary im-
munization restored a
normal secondary re-
sponse: total IgM and IgG
not reduced

VA increased the response
to TT and bovine y-glob-
ulin and counteracted the

43

57

27

58

29

59

91

0.9-4.5mg VA im at
time of first immuni-
zation

Mouse. normal diet

TT, im

suppressive effects of
steroids and cyclophos-
phamide

Secondary antibody re- 43
sponse greater in VA-
treated group; primary re-
sponse not consistent

‘ VA, vitamin A: TT, tetanus toxoid.

responsive to vitamin A supplementation. One hundred
eighteen children with mild xerophthalmia and an
equal number of children with normal eves were ran-
domly assigned to receive either 60 mg of vitamin A or
a placebo. Two weeks after treatment with vitamin A.
children were immunized with diphtheria-pertussis-tet-
anus vaccine. The IgG response was determined at
baseline and 3 weeks after immunization. Afier correc-
tion for previous immunization. there was a significant
difference in tetanus toxoid titers between the vitamin
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A-supplemented and control groups. However. there
was no difference in response between those children
with pre-existing signs of vitamin A deficiency and
those without such signs. It may be that significant
vitamin A depletion existed even in the absence of
ocular signs. or that the differences were due in some
manner 1o the adjuvant properties of retinol discussed
below. In either case. this study raises the possibility
that the antibody response in some voung children can
be enhanced by retinol administration. Further defini-



tion of the kinetics and duration of this enhanced
response would be destrable.

At least three different investigators have used the
rat as a model to investigate the primary antibody
response to tetanus toxord. Consistent findings of re-
duced antibody production have been reported (27, 29,
58). Krishnan er al. (27) compared the response 1o
tetanus toxoid of vitamin A-deficient rats and rats fed
a vitamin A-adequate diet ad /ibitum: 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 er 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
scrum and liver vitamin A concentrations. was consist-
ently low, whereas all other treatment groups responded
well 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 witk 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
leM 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 er 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 | 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 a
normal amplification of anti-tetanus toxoid IgM and

IgG in the secondary response. as well as a normal ratio
of IgG to IgM antibodies in each response (59). In rats
that were deficient in vitamin A throughout the primary
response but were repleted with retinyl ester 2 days
before reimmunizaue . the secondarv IgM and IeG
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 1o IgG 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 of retinol
at the time of the first immunization resulted in plasma
anti-tetanus toxoid concentrations that were. on aver-
age, i.5-2-fold higher than that of the control group.
Of note. this increase was maintained during the sec-
ondary IgM 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 reflec-
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 er
al. (60) in mice fed « vitamin 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 experimentaily, 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 of more reliable estimates of vitamin A status
in human studies.

Tuberculosis. McMurray er al. (61) have recently
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reviewed the hterature on micronutrient status and
immune function in tuberculosis. Micobacterium -
berculosis intection remains a major cause of morbidity
and mortality among malnounshed children. and reac-
tivation of disease later in life may be related to. or a
cause of. poor nutntional status. It is known that mal-
nounshed individuals vaccinated with Bacille Calmette-
Guénn vaccine do not respond normally to skin tests
with punfied protein derivative. but the mechanisms
that decrease host response to vaccination or 1o tuber-
cular infection are unknown. McMurray ¢ al. (61)
identified four studies in the early literature (1923
through 1961)in which vitamin A deficiency in humans
or animals exacernated tubercular disease. However.
no recent studies. particularly on antibody production.
have added 1o this literature.

Diphtheria and Pertussis. Despite the long-stand-
ing use of these toxoids as vaccines. thev have received
little attention in vitamin A stuaies. Diphtheria toxoid
was used to immunize vitamin A-deficient rats in the
study of Knishnan ¢ al. (27) descnbed above. These
investigators reported a reduction by half in the hem-
agglutination uters of vitamin A-deficient rats. How-
ever. the number ol animals was small and concomitant
protein-energy malnutrition probably confounded this
study: thus. confirmation of this result is needed.

Measles Virus Infection. Measles kills ~2 million
children annually and has no specific therapy (62).
Vitamin A status is now recognized 1o 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 lestons was highlighted in 2 1988 report of the
Expanded Program on Immunization's Global Advi-
sorv 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. if

any. of these studies have investigated the antibody
response per se. The subject has mainly been ap-
proached by determining whether measies infection (or
other infections) directly alters vitamin A status or by
asking whether the pathogenesis of measles-related xe-
rophthalmia is due to an abrupt change in vitamin A
status or to corncal involvement by the measies virus
directly or by secondary intections. Clinical studies have
addressed whether vitamin A therapy is effective in
reducing the high rate of mortalitv due to measles. A
recent culmination of these research eftorts was the
report of successful intervention with vitamin A treai-
ment in a randomized clinical tnal in South African
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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 [62]) and resulted in significant differences for
duration of pneumonia. duration of diarrhea. and num-
ber of davs of hospital stav. As a result of these and
other observations. WHO/UNICEF (64) has jointls
recommended that all children diagnosed as having
measles in countries where the fatality rate is 1< or
more should immediately be given 30-60 mg of vitamin
A. depending on age. Other investigators have recom-
mended up to 120 mg of vitamin A for children of all
ages (62, 63),

Responses to Bacterial Polysaccharide and Li-
popolysaccharide Antigens. Vitamin A deficiency 14
associated with a poorer prognosis and longer duration
for many respiratory and diarrheal infections. In an
carhier study. Arrovave and Calcano (66) observed thut
a vartety of upper respiratory tract infections in children
and adults was associated with decreases in serum reti-
nol and retinol-binding protein. as well as carotene and
serum proteins, Infections were associated with marked
reduction (as great as 0.5~ | umol/liter) in serum retinol:
decreases were greater when fever accompanied intec-
lious episodes.

Even in the face of antibiotic therapy. pneumonia.
meningitis. and diverse intestinal infections remain ma-
jor causes of morbidity and mortality in both the voung
and. in the case of pneumonia. the elderly. The anti-
body response to polvsacchandes. such as those irom
pneumococcal and miningococcal bacteria. are gener-
ally classified as T cell independent (TI) based on the
ability of these antigens 1o elicit a response in athymic
ammals. The antibody response is largely a primar.
1eM response. although some IgG is also produced (™
In comparison to soluble proteins which are T cell-
dependent (TD) anugens. there is little formation ui
immunologic memory to the polysaccharide antigens.
Generally. the antibody response 10 bacterial pols sac-
charides is very weak in voung children or animals. The
effect of vitamin A status in humans on the responsc
to these antigens has not been reported. but a number
of recent experimental studies have provided new in-
formation.

To investigate the effects of vitamin A deficienc
on the antibody response 1o bacterial antigens. Pasa-
uempo ¢t al. (29) conducted a study with five bacter-
ial antigens in the vitamin A-deficient rat. The anu-
gens used were pneumococcal polysaccharde (from
Streptococcus pneumomae. type 111, one of the more
pathogenic strains of pneumococci). meningococeal
polysacchanide (from Neisseria memmgitidis. wpe C.
lipopolysaccharide (from Pscudomonas aeruginosa. an
opportunistic pathogen associated with respiratory and
ocular infections. and from Serratia marcescens). and
tetanus toxoid. a TD protein antigen. In vitamin A-
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deficient rats immunized with pneumococcal polysac-

charide. the antibody response was very low (<20 f

pair-fed control rats). Decreased antibody production
was apparent before outward signs of vitamin A defi-
clency were manitest (29), In all experiments. repletion
with vitamin A (equal to 1.5 mg of retinol given orally)
completelv restored a normal level of antibody produc-
tion. even n rats with symptoms of vitamin A defi-
clency. showing that this impairment is reversible and
causally related 10 a dificiency of vitamin A. In studies
that examined the ontogeny of antibodyv production. a
siznificant reduction in the lghi response specific for
pneumococcal polvsaccharide was deteciable as early
as 33 davs of age (36).

Similarly, vitamin A-deficient rats (either with our
without symptoms of retinol deficiency) had almost no
response atter immunizauon with meningococcal pol-
vsacchande (29). As was also observed for pneumococ-
val polvsaccharnide. the response 1o meningococcal pol-
vsacchande was normal atter repletion with retinol.
Although the contnbuuon of meningococcal intection
1o childhood morbidity or mortality in studies of vita-
min A deficiency has not been determined. it is inter-
esting that Keusch (68) has commented that. tor some
ot the convulsions reported in children with low vita-
min A status (69). the first logical association would be
with meningitis.

In contrast. when rats with the same low vitamin
A status were immunized with lipopolysacchande from
cither P. aeruginosa or S. marcescens. antibody pro-
ducuon was quantitatively normal (29). 't hese an.._ens
are also TI anugens: however. an immunologic distinc-
ton within the class of TI antigens has been proposed.
The polysaccharide antigens used above have the char-
actenstics of TI tvpe 2 anugens. 1o which the antibody
response deveinps later duning ontogeny. presumably
because a late-maturing B cell population (designated
Lyv3™ in the mouse) is required (70). In contrast. the
hpopolysaccharides. which were clearlv immunogenic
in vitamin A-deficient animals, are generally classified
as Tl type | antigens. Type | antigens are immunogenic
early in life (29. 70) and have less stringent require-
ments for mature B cells and cviokines. Thus. this
study revealed a potenually reievant correlation be-
tween the immunologic tvpe of antigen and whether or
not vitamin A deficiency compromised antibody pro-
duction: for the TI tvpe 2 and TD antigens. antibody
production was poor. whereas for Tl type | antigens.
antibodv production was normal.

Responses to Experimental Antigens. In addi-
tion 1o the serologic studies using natural antigens as
described above. a number of investigations have been
carned 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 tvpe.

A decreased plagque-forming cell response to het-
erologous red blood cells has been reported tor the rat
{27-29). Red biood 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 1o the protein
kevhole rmpet hemocvanin. The primary serum IgM
response was either normal or reduced. but the greatest
reduction was in the IgG class. parucularhy lgGl. By
mixing T Ivmphocyvies from vitamin A-deficient mice
and B cells from normal mice. Carman ¢ al. (72)
provided evidence that helper T cells of vitamin A-
deficient mice do not provide help for anubody pro-
duction 1o protein antigens /1 virro. The frequency of
such heiper T cells in the mouse popliteal lvmph node
was tound 1o be reduced during vitamin A deficiency
and restored atter addition of retinvt acetate to cultures
i virro. Decreased 1eGl oproduction mav be linked 10
an overproduction of IFN-y. as recently 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 spieen cells of vitamin A-deficient
rats (32) or an increase in »ecretion of inducible IFN-y
from spicen cclls of mice supplemented with vitamin
A (74). Tt 1s not clear what accounts for these differ-
ences: however, the species studied. the type of assav
for IEN. and the end points examined have diftered.

The eftects of a broad range of vitamin A levels on
antigen-specific immune responses have been studied
in the chick. In 1963, Panda and Combs (73) reported
that chicks fed a diet fow in vitamin A had a reduced
ageluunaucen response following challenge with Sal-
maoncifa pullorim antigen. Recently. Friedman and
Sklan (76) reported impaired T Ivmphocyvte responses
after cells from vitamin A-deficient chicks or rats were
restimulated /n vizro with antigen (bovine serum albu-
min). Responses were normal soon after repletion with
vitamin A ester. These same investigators also com-
pared aniibody producuon in chicks fed four diets
ranging in vitamin A contents from deficient 1o highly
supplement:d (77). Direct measurement of liver and
plasma *1tamin A concentrations showed that the four
dretary treatments did. indeed. produce a spectrum of
plasma and liver vitamin A concentrations ranging
from barely detectable 1o excessive (>8.7 umol of vita-
min A/g liver and >2.5 umol/liter of plasma retinol).
Both chronic deficiency and chronic excess of vitamin
A were associated with low antibody production and
reduced lvmphocvie proliteration. By comparison. a
large. bolus. oral dose of vitamin A given to vitamin A-
deficient chicks restored lvmphocyvie proliferation to
the control level and did not resuit in evident toxicity
{76). In a subsequent study of similar design. Friedman
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et al. (49) determined morbidity and monality rates
after Escherichia 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 10 £. coli
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 1gG and IeM
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 antibodyv
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 difterent in chicks fed low or adequate levels
of retinol or retinoic acid. but that lvmphocvte trans-
formation was reduced in vitamin A-deficient chicks.
They also concluded that maintenance of lymphoid
ussues. 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 ¢r 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 thvmus 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-
fect. 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 libittm. Mice refed the vitamin
A-sufficient diet for | week before infection showed a
partial restoration of antibodv production. but little
improvement in the DTH response that was deter-
mined concurrently.

Nauss ¢z al. (34) developed the vitamin A-deficient
rat as a model to study ocular infection with tvpe |
herpes simplex virus (HSV). In this model. the corneal
surface is lightly abraded and HSV is applied directly
1o 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-
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logic examination rev.aled that the inflammatory 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
aeruginosa. there were sequelae of infiltration of poly-
morphonuclear leukocvtes. corneal ulceration. and
stromal melting in the vitamin A-deficiency rabbits.
but 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 for 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 lvmph nodes to con A was
greater 1n vitamin A-deficient rats than in normal rats.
although both were decreased significantly 7 davs after
HSV infection. The NK cell activity of spleen cells was
somewhat greater in normal rats than in vitamin A-
deficient rats and both decreased during the postinfec-
tion pertod. Nauss and Newberne (35) commented that.
despite reduced responses in viiro. 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-
tng that “multiple, pzrtial defects in both specific and
nonspecifi- hosi defenses probably combine to increase
incidence and severitv of the discase in animals with
hypovitaminosis A."

Responses to Parasitic Infection. In 1982. Beisel
(80) discussed the concept that mainutrition and para-
sitic infections most often synergize. leading to an in-
fectious process ol greater-than-expected severity. Yet
there are sufficient examples of either an antagonistic
relationship. o1 no apparent influence of malnutrition.
so that a categorical prediction cannot be made. In their
earlier review, Scrimshaw et a/. (10) noted that mainu-
trition worsened the severity of most (>80%) bacterial
infections. reduced or increased the severity of viral
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 svnergistic (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 (11).

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, Trypanosoma cruzi,
Schistosoma manson:. or Angrostrongvius cantonensis
infection and in mice infected with 7 musculi (re-



viewed in {81] and [82]). low plasma retinol levels were
associatect with an inability to reject worm infestation.

Infection by a number of parasites elicits an IgE
response. Parent ¢r al. (81) correlated nutrition. para-
sitologic. and immunologic parameters in three groups
of rats: a nonintected and normally nourished control
grovn. a normally nourished group infected with Sc.
mansoni. and a group of vitamin A-deficient rats also
mtected with Sc. mansoni. The worm burden and the
number ol eggs per gram of liver were significantly
greater 1o the vitamin A-depleted animals. Addition-
dlly. IgE levels and anti-Sc¢. mansom antibodies were
much lower in the vitamin A-depleted rats. Because
lymphocyte transtormation after stimulation with con
A did not differ and lvmphocvtes of vitamin A-deficient
rats still yesponded 10 stimulation with S¢. mansoni.
these authors concluded that the humoral immune
response was markedly depressed dunng vitamin A
deficiency. whereas the cetlular immune response was
not signiticantly altered.

Mucosal Immunity. The importance of mucosal
immunuy 1s well recognized. but this subject has re-
cened little experimental attention in relationship to
vitamin A status. In malnounshed children whose vi-
tamin A status was not reported. Chandra (83) reported
that the secretory immune response (IgA) to live atten-
uated measles and polio vaccines was reduced signifi-
canuy.

Sinsinha and co-workers (84. 85) used the model
of retinoic acid cvcling in the rat to investigate IgA
levels and local. intestinal immune responses (IgA and
12G) 1o antigen injected directly into Pever's patches.
The IgA levels in intestinal fluid and bile were signifi-
cantly reduced. as was the transport of labeled IgA 1nto
bile (85). After immunization with hapten-protein com-
plexes, the intestinal {gA response of vitamin A-defi-
clent rats was undaetectable. Antigen-specific serum IgA
did not seem to differ with vitamin A staws. but the
number of observations was small. Thus. these data are
sugeestive of impaired local immunity. but further ex-
penments are needed. Vitamin A deficiency has also
been associated with a decreased number of Pever's
patches and fewer immunoglobulin-bearing cells in the
eut-associated lymphoid tissues of the guinea pig (86)
und reduced proliferative response to mitogens (87).

Influence of Vitamin A Administration on Immune
Responses

Although the consequences of vitamin A deficiency
on immunocompetence have been the focus 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 A administration has been
used in two quite different settings. either 10 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 r2viewed by Den-
nert (88) in 1984. In a number of studies. adminis-
tration of either natural or svnthetic 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 may be considered nutritional.
i.e.. which are mediated through normat pathways and
occur within the range of safe intake of vitamin A.
versus etlects that most likely are due to pharmacologic
actions of high levels of retinoids. Because large doses
of preformed vitamin A. ingested chronically or acutely.
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 concentralions.

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
the antibody response 1o specific antigens. even in
healthy animals with adequate vitamin A reserves. The
adjuvant properties of retinol were first reported in
1968 by Dresser (56). who showed that retinol-treated
mice produced antibodies specific to soluble bovine ¥-
glotulin. which is not immunogenic in the mouse. The
response was dose dependent. but required large
amounts of retinol (1-10 mg/mouse given intraperito-
neally | day 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 lvmphocvtes to divide. Subsequentlv. Dennert e
al. (89) reported that retinoic acid functioned as an
adjuvant in mice immunized with syngeneic and allo-
geneic tumor cells. Brown ¢r al. (42) 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. The
highest dose of vitamin A was reported to have been
toxic. After the second of two doses of tetanus toxoid.
mice treated witli vitamin A had higher antitoxin titers.
most likelv due 1o enhanced production of IgG. Fried-

' The Recommended Dictary Allowance of vitamin A 1s U.K mg for women, |
mg tor men. and 0.375-0.7 wng for children depending on age (118). Diets that
have been recommended fo.r redents contain ~1.2 mg of retinol/kg of diet and
provide ~0.01-0.03 mgsdas {or the rat (119). Regarding excessive intake and
tne potential for retnol toxicity i humans, the Nauonal Research Counci
states that signs of toxicity usually appear onlv when sustained dartv 1ntakes.
including pretormed vitamin A n both foods and supplements. are more than
10 times hugher than the Recommended Dietany Allowance. A single oral dose
of 60 mg of retinol has been well tolerated by Asian prechiidren in prophviactic
programs. Carotenoids are not known to be toxic even when mngested 1n high
amounts tor an extended penod (118).
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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 vet
enough systematic information to know whether the
adjuvant properties of vitamin A apply to nearly all
antigens. or only 1o particular tvpes of antigens. The
few antigens that have been studied so far have been
TD anugens. either proteins or intact cells.

In a studv that examined a vanety of immune
responses. Nuwavni-Salti and Murad (91) asked whether
admunistration of retinol to normal mice challenged
with Bacille Calmette-Guérin woul ounteract the im-
munosuppressive effects of a glucocorticoid and cvclo-
phosphamide. After challenge with Bacille Calmette-
Guérin. mice were also challenged with bovine y-glob-
ulin and tetanus toxoid. Groups of mice were treated
with either an intramuscular injection of vitamin A.
prednisolone. prednisolone plus vitamin A. cvclophos-
phamide. cyvclophosphamide plus vitamin A. or the
appropnate vehicle. Treatment with three |-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 cvclophosphamide.
This outcome agreed well with an earlier report of
Cohen and Cohen (92) that vitamin A treatment 1lone
enhanced the antibody response of mice to a hapten-
protein conjugate (trinitrophenvlovalbumin) and to
sheep red blood cells ard also countered the immuno-
suppression caused by hvdrocortisone. The serum reti-
nol levels of retinol-treated mice were significantly eic-
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-
muntty as judged bv lymphocyvie proliferation in virro
was also demonstrated (91). T..¢ authors speculated
that vitamin A may enhance immune functions uoth
bv recruiting leukocvies and monocvies to the circula-
tion and by altering membrane structure. The opposing
effects of vitamin A. which generally makes membranes
more labile (93). and prednisolone. which stabilizes
membranes. are consistent with the latter hvpothesis.

Although the mechanisms underlying adjuvant ef-
fects are not undersiood. a number of chaiges have
been reported 1o tollow administration of vitamin A.
Activation of naive or quiescent lvmphocyvtes is often
accompanied by increased expression of cell surface
receptors for cyvtokines or other tactors that function in
the further expansion or maintenance of the activated
state. Among the lvmphocyte surface receptors that are
expressed earlv and appear cnitical to further differen-
tiation are various torms of the IL-2 receptor expressed
on activated T cells and NK cells and. on some cells.
the transferrin receptor. Using monocional 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
lvmphoblasts. Other investigators (95) tested a variety
of retinoids and carotenoids /n vitro on the expression
of IL-2 and transferrin receptors on peripheral blood T
lvmphocvies and NK cells from healthy voung volun-
teers. Retinoids seemed to primanly activate T cells.
whereas carotenoids had a greater effect on NK cells.
Although the concentrations used were near the physi-
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) recentlv tested whether
antigen-specific immune responses in humans can be
modulated by svnthetic retinoids in vivo, Patients with
cvstic acne undergoing therapy with 1 3-¢is-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 kevhole limpet hemocvanin. Plasma
levels of 13-cis-retinoic acid were measured and tound
to be within the range that had been reported previousis
1o be immunomodulatory /n vitro. There was no ditler-
ence in the level of anti-tetanus toxoid [gG: however.
the response to hemocvanin was significantly greatey 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-amune Responses. Cy-
tokine production. lvmphocyte transformation. resist-
ance to tumor cells. and CMI have all been reported 10
be greater in normal animals supplemented with high
doses of vitamin A. Forni ¢r a/. (74) studied lymphocyte
proliferation. IL-2 and IFN-y production. and tumor
growth in normal mice suppiemented for 60. 90. or 130
days with 0.067-0.33 mg/day of retinol. as reuns|
palmitate in di.aking water. The response to mitogens
and cvtokine production were greater in supplemented
mice. Resistance 10 challenge with three transplantable
tumors was also improved. However. dose-dependent
effects were seen after 2 and 3 ruonths, but not atter 3
months, raising the possibility that excessive accumu-
lation of vitamin A was detrimentai or that compen-
sating mechanisms had come into play after this time.
Lymphocyte transformation afier stimulation with phy-
tohemagglutinin or purified protein derivative was also
reported to be greater in retinol-treated normal mice
{91) and. as for antibody production. retinol adminis-
tration counteracted the suppressive ettect of predniso-
lone. In a rat model of sepsis (97). supplementation
with vitamin A for 3 davs prior to sepsis increased the
survival rate. The number of white blood cells in-
creased. witn a greater percentage of lvmphocvies and
fewer neutrophils.

Medawar and Hunt (98) suggested that the abilin
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of high levels of dietary vitamin A to suppress cancer
in rodent models may be attributabie to immunopoten-
tianon. T cell-mediated enhancement of the graft-ver-
sus-host reaction was increased in mice fed a high level
of vitamin A (99). wiice chronically fed a diet verv high
in retinyl acetate had enlarged thymus and lvmph
nodes. a greater antibody response after sensitization
with sheep red blood cells (100). and a more rapid
rejection of skin allografls (98. 100). While these chser-
vations are provocative. it is not vet clear whether they
represent strictly pharmacologic effects of chronic large-
dose supplementation or whether they are indicative of
normal immune responses governed by vitamin A.
Unfortunately. 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
eflector cells (89. 101).

In humans. Cohen ¢ al. (102) invesugated the
ability of large doses of vitamin A to increase the
magnitude of the cellular immune response that is
known 1o be transiently depressed following surgery.
Patients scheduled for surgery were assigned to a control
group (no treatment) or to treatment with a large dailv
dose (90-135 mg) of vitamin A (generally given orally)
preoperatively and for approximately 7 days after sur-
gery. The proliferation of lymphocvies from patients
treated with vitamin A was not different from the
control group | day after surgery. but the response of
cells from vitamin A-treated patients was significantly
greater after 7 days. Monocyte function. assessed by
Ivsis of sensitized ervthrocvtes. 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. for 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 phytohemagglutinin.

Stimulation of Phagocytosis or Cell-Mediated
Cytoxicity. There is considerable evidence from studies
of animals. and some from humans. that administration
of high doses of vitamin A affects the nonspccific arm
of the immune system by stimulating phagocytosis or
cell-mediated killing of pathogens. The results from a
number of experimental investigations with supple-
mental vitamin A support enhanced phagocvtosis of

bactena. In 1974. Cohen and Elin (104. 105) reported
improved clearance of gram-negative (7. acruginosa)
and gram-positive ( Listeria monocytogenes) bacteria or
fungus (Candida albicans) from the blood of normal
mice that had been treated for 4 davs with a high dose
(1.5 mg. ip) of water-miscible vitamin A palmitate.
Mice treated with vitamin A had sterile blood 3 hr after
challenge with P. aeruginosa. in comparison to vehicle-
injected control mice. which developed a persistent
bactererma. Morality differed significantly among
these groups. Survival was also extended in animals
infected with L. monocviogenes or C. albicans. although
mortality was not prevented with these infections. Be-
cause vitamin A treatment provided protection 1o three
unrelated organisms. Cohen and Flin (104. 105) in-
terred that the nonspecific arm of the immune system
wasactivated by vitamin A, Similarly. hypervitaminosis
A 1n mice has been reported to enhance host resistance
10 Salmonella typhimurium (106) and L. monocyio-
genes (107). presumably by activating mononuciear
phagocytes. Large doses of retinoic acid and a svathetic
denvative were also eftective in the lauer system. /n
vitro, replication of the tuberculli bacillus was reduced
in human macrophages treated with retinoic acid (108).

More recently. Hatchigian ¢t 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.
typhimurium. Serum retinol was approximately dou-
bled. but the total number of white blood cells and their
distribution changed very little. Bacteria were cleared
at a significantly greater rate from blood as v-ell as from
the liver and spleen of vitamin A-trrated rats. Kupffer
cells and peritoneal and splenic macrophages of rats
infected with Sa. ryphimurium and treated with vitamin
A had the greztest phagocytic activity. whereas phago-
cviosis was significantly depressed in the macrophages
of infected rats not treated with vitamin A. Enhanced
phagocytosis by peritoneal macrophages was also re-
ported by Monguchi ¢z al. (110) for mice fed diets with
high levels of retinyl palmitate (approximately 0.02-
0.4 mg of retinvl palmitate/g of diet). This dietarv
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 transtormation
have been studied in patients with chronic lvmphocytic
leukemia (111) or lupus ervthematosus (! 12) who were
treated with 30 mg of vitamin A/day for 2 weeks. Each
of these activities was reported to increase after vitamin
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 1s 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 deficiencv. there is still a need to document
the kinetics as well as the magnitude of antigen-specific
antibodv production following immunization in hu-
man populations. with concomitant evaluation of vi-
tamin A status.

There 1s essentiallv 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 sate as thev 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 vanable and. generatly. have not tocused on
children less than | vear of age. The question should
be raised as to whether there is anv evidence that
infrequent high-dose supplemenration witk vitamin A
would suppress. rather than stimulate or have no effect
on. the immune svstzm of the previously vitamin A-
deficient child. Based on the literature reviewed here. it
seems most likelv that immune suppression would not
result from such treatment. In animal studies. chronic
high-dose supplementation decreased resistance to in-
fection. suppressed the antibody responsc. and de-
creased lvmphocyte proliferation (49). but an acute
large dose of vitamin A restored the immune responsc
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 polvsacchande. the antibody response
was restored to near-normal levels and no outward signs
of toxicity were observed (36). The response 1o tetanus
toxoid of rats given a single moderate dose of retinol |
day after immunization with tetanus toxoid was slightly
greater than the normal response (59). In adult surgical
patients. cell-mediated immunity (lvmphocyte transfor-
mation) appeared to be greater atter 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 onlv direct foliow-
up studies will be able to establish the long-term satety
of high doses of vitamin A on the immune system.
Such studies might include the recall response to spe-
cific antigens. ivmphocvie counts. and ceil 1vping 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 ¢r «¢f. (69). 11 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
lgA production and serum lgA levels. particularlv in
response to known antigens. could help to clanfy
whether changes 1n intestinal differentiation associated
with vitamin A deficiency also aftect gut-related im-
munity.

Efficacy of Adjuvants in the Vitamin A-Deficient
Host. An area deserving further attention is the role of
adjuvants 1n 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 new
adjuvants that enhance the response to weak antigens.
Detoxitied forms of bacienal lipopolvsaccharide or itpid
A are being tested as adjuvants to stumulate the anti-
body response to various antigens (113), Other agents
such as block copolviners may also be useful in this
regard (114). We have tested the abilitv of bactenal
lipopolvsacchande. at doses that are nontoxic in the
rat. to stimulate the antibody response to preumococcal
polysacchanide 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 1o
produce antibody is intact during vitamin A deficiency
and suggest that vaccines with an appropnate 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 explnited in the future to modulate the antibods
response. Recently. Friedman (90) evaluated water-
miscible retinyl palmitate and retinoic acid as adjuvants
with ovalbumin or hen egg lvsozvme in mice and found
increased lvmphocyvte numbers in draining lvmph
nodes, greater antibody titers. and greater proliferation
following restimulation of cells in virro. In recent vears.
increased interest has been focused on water-solublc
forms of vitamin A. such as the glucuroniae derivatives.
because of their reduced retention and. hence. low
toxicity {116). Tests of these and other torms of vitamin
A as immune adjuvants may also prove to be of valuc.

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



Complement activation and cviotoxicity also appear to
be greater in some cases. Whether polvmorphonuclear
leukocytes and macrophage phagocvtosis 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-
prratory disease and intestinal infections in children.
but 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 for 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 mgsday of vitamin A had significantly
tewer 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
tor 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
10 specific pathogens and antigens. as well as nonspe-
cific protection through phagocviic 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-
10s1s also support a role of retinoids in immune stimu-
latton in animals whose vitamin A nutritional status is
normal. [t is rot vet clear whether the vitamin A status
of children in human populations at risk of vitamin A
deficiency 1s sufficiently low to compromise the re-
sponse to vaccines or the ability to clear infectious
microbes. This information would be highly significant
1o public health strategies aimed at decreasing child-
hood morbidity and mortality in the developing world.
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