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deficiency in the world. The group offers con-
sultation and guidance to various operating 
and donor agencies that are seeking to reduce 
vitamin A deficiency and its accompanying 
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prepared guidelines and recommendations for 
Sass;essing t regional dsUse 

nitude of vLmin A deficiency;
deficiency;sySdeveloping !niervention strategies and 

methodologies to control vitamin A defi-
ciency; 

• 	 evaluating the effectiveness of implemented 
programs on a continuing basis; and 

• 	 undertaking research needed to support the 
assessment, intervention, and evaluation of 
programs. 
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Preface
 

W 	 itamnin A is an essential nutrient for humans. Its deficiency causes xerophthalmia, 
including night blindness and keratomalacia; abnormalities in cellular differentiation. 
reproduction, and the immune response; and ultimately permanent blindness and 
death. Because of considerable current interest in the possible pivotal role that an inad
equate vitamin A status plays in morbidity and mortality in children, much attention is 

being given to various new ways of assessing vitamin A status. 
In this monograph, experts in various methodologies contribute short descriptions of various 

current procedures. The physiological basis of the method, a description of the procedure, a dis
cussion of its advantages and limitations, and its application in at least one instance are briefly 
summarized. This publication is intended as an introduction to various assessment techniclues 
and not as a comprehensive description of the procedure or of its overall use. It will be of help 
to investigators and program planners in selecting assessment methodologies bh,,,tuied to their 
specific situations and available resources. A few key recent refcrcnct> for each procedure are 
given to aid the reader in gathering more detail'1 inf )rmation once a selection is made. 

It must be stressed that each author ikpre.,enting his or her views about a given method and its 
interpretaion. Thus. differences in suggested cutoff valCs and feasible public health criteria will 
apPc:,r. These differences are intended to stimlate thought ano further st'icly but certainly not to 
confuse .rhe r,,Ier. We hope that you find this brief state-of-the-art introduction to \itanmin A 
assessment to be of value in your own work. We naturally welcome comments and suggestions 
about the publication from our readers. 

Barbara A. Underwood 
James Allen Olson 
Editors 
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Introduction
 

n iunsatisfiacory vitamin A status is a 

major public health prolblem among 
preschool children in much of the 
less-(level)ped world. Clinical mani-
lest;tions ot an unsatisfactory vitamin 

A status include increased vulnerability to 
scverc infections and xerophthalmia, including 
niglht blindness, kerat)mmalacia, and irre-
versible blindness. Pre chool ,hildren are at 
high risk of %it:i,;:n.\ dfi( iencv becau.se of 
thci, r.:i;,lrtrowth rate, which increases their 
vI!ariin A requlitm,Innts; their typically nutri-
ti0,n,1ly inadequte weaning food diet; and 
their general aversion to eating green leafy 
vegetables. As the vitamin A status becomes 
po(orr, total body reserves of vitamin A are 
first depleted, oll\owed by a reduced concen-
trati n o f plasma retinol, which in turn leads 
to abnormalities of tissue function. Because 
plasma vitamin A is hoimeostatically controlled 
and is subject to change as a result of other 
nutritional deficiencies, infections, and para-
sitic infestations, it does not serve as a useful 
indicator of vitamin A status in the individual 
unless it is very low (<10 PgdL; <0.35 
t!no,) l. (1.2). 

BecausC vitamin A normally is well 
absorbed from the intestine, is efficiently 
stored in the body, primarily in the liver but 
also in Other tissues, and is well mobilized 
from storage sites for use in meeting body 
needs, the total body reserve of vitamin A is a 
good indicator of vitamin A status. Although 
the total body reserve can be measured by 
isotopic methods (3), the procedure is not 
generally alplicable to Survey protocols., 
Other surveyLproedLlres have consequently 
been developed that provide various types of 
info)rmation aho ut viltamin A status. It is 
nonetheless useful to relate these indicators, 
whenever possible, to the total body reserves 
of vitamin A ;Isa general reference point, 

Vitamin A staus can be considered as a set 

of five sequential categories: deficient, mar

ginal, satisfactory, excessive, and toxic. A deft
cient status is characterized by clinical signs, 
primarily by xerophthalmia. Clinical signs, 
which have been well described in other 
monographs (4,5), will be considered only 
briefly here. A very low plasma retinol level 
(<0.35 P-mol/L) is also associated with such 
signs. A marginal slauscan be detected by 
impaired vision in dim light, reduction in gob
let cell frequency, and epithelial cell abnor
mealities in many tissues, including the con
junctiva of the eye, as well as by an abnormal 
proportional increase in plasma vitamin A and 
plasma retinol-binding protein (its carrier pro
tein) in response to a small oral dose of the 
vitamin. A marginal vitamin A status is not 
associated with overt clinical signs. The mar
ginal status is sometimes termed preclinical 
vitamin A deficiency. A satisfactonstatus 
means tha( all physiological functions of vita
min A are being adequately met by existent 
total body reserves of vitamin A. Furthermore, 
a satisfactory status, at least as formally 
defined in documents of the Food and 
Agriculture Organization of the United Nations 
and the World Health Organization, also 
includes a reserve of vitamin A that will pro
vide protection from deficiency for a given 
period of time (6). An excessive status results 
from the ingestion of relatively large amounts 
of vitamin A, but without clinical signs, and a 
toxic status is characterized by a large number 
of clinical signs (7,8). Although excessive 
intakes of vitamin A are of serious concern, 
particularly when ingested by women in early 
pregnancy (9,10), excessive and toxic status 
categories will not be considered further in 
this report. 

This summary of assessment methodologies 
places in context the uses, advantages, and 
constraints of each currently used technique. 
The booklet provides a conceptual framework 
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within which to consider alternative approach-
es to vitamin A assessment, some of whichhave been extensively emloyed and others of 
hc~veen t tevely pleoy ndioters ofwhich have not. Ths far, the only indicators 

approved by the World Health Organization 
are clinical signs of xerophthalmia, night

blindness, and plasma retinol values <0.35 

tnlol/L (10 !pg/dl.). IVACG does not currently 

recommend without qualification the use of
other methods in general surveys. Because 
each procedure provides different kinds of 
information, each has somewhat different uses 
and somewhat different windows" relative to 
vitamin A status. Each indicator can be 

approximately placed 
on a scale in regard to 

dietary intake and liver vitamin A concentra-

tions (Figure I ), but this relationship should 

be considered only a guidline because of 

both extensive individual variation and the

lack of conclusiv'e d'ta (On the actual range of 

Itility of each indicator. 


This summary shollld serve pritmtrily as an 

introduction for scientists to a set of utseful 

indicators; those embarking on an assessment 

survey or program requiring assessmentmneth~do gie' clearly ShIll explore i* depthh ies y shold e r 
both the availability of' manIals for specific 
methods and the pItblished literature. The 
effects of seasons and differences among geo-
graphic regions in a COItntrv mnLuSt also be 
carefully considered. Other sources also 
shoild be consulted ftr determining the sam-
pIe size appropriate for a given sittation, for 
example, .lletbodoologisforlIfoiliI(Jrigawd 
Ft'lalitgi 1 it'lamill A Deficien1c), htelliotl 

-oqirams( 11 ). Before one or more of these 
methods are selected, available facilities, per-
sonnel, and funds tmIst be matched both with 
the goals of a given survey and with the 
requirements and cost of a given method. 
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Figure 1. An approximate relationship 
between the average daily dietary intake 
of vitamin Aand provilamin Acarotenolds, 
expressed as pg retinol equivalents, and 

the vitamin0 Aconcentration in the liver of 
apreschool child. 

Nonhepatic stores of vitamin Aare 
approximately 10% of the liver reserves,-, 
when total body stoles are high (>30 mg 
for a 15-kg child) but are proportionally 
greater (20-50%)when body reserves are 
low (<6 mg for a 15-kg child). Asatisfac-
tory liver vitamin A concentration is con
sidered to be 0.07 j.mol (20 pg)/g iel 
weight. 

The approximate ranges for the 
responses of varioLls indicators of vitamin 
Astatus relative to dietary intake are 
given in the upper portion of the figure. 
Thus, clinical signs appear when the aver
age daily intake of vitamin A isvery low, 
which corresponds to negligible liver 
reserves. Plasma retinol concentrations 
<10 pg/dL are usually associated with 
other signs o vitamin A inadequacy, 
whereas a plasma retinol concentration in 
the range of 10-20 pg/dL may either be 
associated with Bitot's spots and other 
signs of deficiency or be found in a vita-
min A-sufficient child, albeit often 
plagued with infections. Isotope dilution, 
which involves analysis of the dilution in 
the plasma of endogenous vitamin Aby a 
dose of deulerated vitamin A,provides 
information about total body reserves of 
whatever magnitude. 

Abbreviations: X2, corneal xerosis; X3, 
corneal ulceration and keratomalacia; 
X1B, Bitot's spots with conjunctival xero
sis; VRT, vision restoration time; ROAT, 

1apid dark-adaptation test time; NBH, 
night blindness by history; CIC, conjunc
tival impression cytology test; ICT, 
Impression cytology with transfer test; 
RDR,relative dose-response assay; 
MRDR,modified relative dose-response 
test; RBPR, retinol-binding protein 
response test; P-ROL, plasma (or serum) 
retinol concentration; and T-ROL, tear 
fluid retinol concentration, followed by 
values expres.sed in pg retinol/dL. Vitamin 
Aequivalencies ae: 1 jamol retinol =286 
pg retinol; 1pg retinal =1 pg retinol 
equivalents =0.01135 pmol retinol. 
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PART 1. DIETARY 

Semiquantitative Dietary Assessment 
of Vitamin A Intake 
BarbaraA. Uwideru'ood,Ph.D. 

he habitual intake of too little vitamin 
A, frequently because too few dietary 
sources high in vitamin A activity 
(retinol equivalents) are eaten in rela-
tion to needs, precedes other manifes-

tations of vitamin A deficiency. This is the 
underlying cause of vitamin A deficiency as a 
public health problem. Quantitative dietary 
assessments of usual food (nutrient) intakes 
are difficult to conduct even among literate, 
highly educated populations and, in the case 
of vitamin A, often are equally difficult to 
interpret as a measure of vitamin A except
when used concurrently with other assessment 
parameters (1). The problem is lessened when 
the objective is restricted to classifying individ-
uals into "at risk" categories based on their 
frequency of intake of vitamin A-containing 
foods. Due to the social and economic condi-
tions that surround child populations where 
vitamin A deficiency occurs, it is usual that 

they consume a limited number of carotene-

containing foods that are 
locally available. 

Knowledge of the availability of local food 

sources, their vitamin A content, and how 

much and how often they are fed to children 
can help identify populations with inadequate
intakes. This information, used with other 
assessment measures, can identify a popula-
tion's risk of inadequate vitamin i\ nutriture 
and provides a valuable basis for determining 
appropriate food-based long-term intervention 
programs to alleviate the problem. 

Procedure 

The International Vitamin A Consultative 
Group (IVACG) prepared a guideline for 
developing a semiquantitative dietary assess-
ment for identifying populations at risk for 
inadequate dietary intake of vitamin A (2). It 
does not assess intake of other nutrients. 

The first step is to determine the locally 

available sources of vitamin A activity and 
their use in the diets of young children by
conducting a qualitative survey of a random 
selection of local markets, gardens, and uncul
tivated sources and, using food tables, group
ing them according to their content of retinol 
equivalents. The next step is to interview 
child-care givers to determine local practices 
in incorporating these foods in children's diets 
and the usual portion sizes they are fed. 

From this information, a locally appropriate
food composition table can be c,nstncted to 
categorize local foods fed to children into 
high, moderate, and low categories, based on 
their relative vitamin A content and the small
est portion size fed. A simple dietary question
naire can then be developed that lists only the 
local food sources of vitamin A and groups
them into categories designating their relative 
contribution toward meeting the vitamin A 
requirement if consumed with sufficient fre
quency. The questionnaire is then adminis
tered by local workers by first determining the 
intake and portion size of the predesignated
coods in the last 24 hours and determining the 
usual frequency of intake daily, weekly, and 
monthly. "Risk" categories can be a;signed on 
a population basis after calculating a "con
sumption index" where diets show little varia
tion and/or a "usual pattern of frequency" 
where variation is imore common. 

Interpretation 

The steps outlined above must be adapted
and applied locally. Risk categories using the 
consumption index (CI) ae established based 
on the recommended dietary intake for 
preschool children. Risk categories for the 
usual pattern of food consumption (UPF) are 
established based on the safe level of vitamin 
A intake and the basal requirement for 
preschool children. The validity of these val
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ues and the usefulness of the approach are 
currently being reviewed in light of numerous 
applications of the methodology in different 
countries and cultures (3). 

Advantages 


The procedure avoids the time-consuming 
effort to collect strictly quantitative informa-
tion yet allows identification of high-, moder-
ate-, and 1ow-risk populations. After a locally 
appropriate dietary questionnaire is developed 
hy an individual knowledgeable in food con-
sumption, it can be administered by locally 
trained interviewers. The interviewer can 
inform mothers about what foods rich in vita-
min A activity are locally available to feed 
their children if they are not doing so or if 
they are not feeding them frequently enough. 
Because the information is based on the local 
situation, it provides a relevant baseline from 
which to develop nutrition education materials 
and relevant potentially sustainable programs 
to change children's feeding behaviors and 
improve their diet. In addition, periodically 
repeating the assessment is a means of moni-
toring the success of programs in changing 
food intake behaviors. 

Limitations 

The methodology does not provide informa-
tionl on the total adequacy of the children's 
diet. When complex recipes are usually fed to 
children, developing an appropriate food 
composition table can become time-consumn-
ing. The validity of the cutoff values to deter-
mine risk using the Cl and/or UPF needs 
further testing. 

CURRENT METHODS OF ASSESSING VITAMIN A STATUS 

Application 

Since the IVACG Guidelinesfor the Devel
opment ofa Simplified DietayAssessment lo 
Identify Groups at RiskforInadequateIntake 
of Vitamin A were published, they have been 
applied to varying degrees in at least 20 appli

cations in 14 different countries throughout 
the world in situations that typify the field 
conditions for which these guidelines were 
developed. Each situation presents different 
challenges, and numerous suggestions have 
been made for improvements and modifica
tions. An effort is now underway to compile 
these experiences so that future users will 
profit from past and current successes and fail
ures, and know the reasons for each. 

Others are attempting further simplification 
of the approach by eliminating the need to 
establish portion sizes or a local food com
position table (D.Rosen, unpublished and 
undated manuscript from Helen Keller Inter
national). The validity of this modification is 
being field tested. 

References 

1. Underwood BA.Methods for assessment of vitamin 
Astatus. JNutr 1991;120:1459-63 

2. Underwood BA, Chavez M, Hankin J, et al. 
Guidelines for the development of a simplified dietary 
assessment to identify groups at risk for inadequate
intake of vitamin A.Washington, DC: IVACG/ILSI-
Nutrition FOundation, 1989 

3. [ lorner MR. The IVACG guidelines for the develop

ment of a simplified dietary assessment to identify 

groups at risk for inadequate intake of vitamin A: a 

review of field experience. VITAL Report No. IN-4, 

Vitamin AField Support Project. Arlington, VA: 
International Science and Technology Institute, 1991 
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PART 2. PHYSIOLOGICAL 

Historical Assessment of Night

Blindness 
A/fred Sore met; M.D. 

ight blindness, or inability to see 
under low levels of illumination such 
as at early dawn, at late dusk, or in a 
room lit by weak candle, lantern, or 
other light, is often the first clinical 

manifestation of mild vitamin A deficiency.
Actually measuring the ability of the eye to 
adapt to lOw levels Of illumination (dark adap-
tation) or testing every child for night blind-
ness is difficult and time-consuming. 

Instead, an easier approach, simply asking 
tile child's mother ()ri an( ther guardian familiar 
with the child whether the child is night blind, 
has proved practical in inumber of cultures. 
This seems Most helpful in oc)mmunities 
\\,here vitamin A deficiency is sufficiently 
endemic and chronic that a local term exists 
for the problem. The existence of this local 
term is the basis for using a "history of night
blindness" as ivalid paramcter for assessing
vitanin A Status in that particular" population 
(see Tlble I. 

Procedure 

l)etermining whether a1loicaly app)ropriate 
term exists Often requires asking alb ut svrnp-
toms rather than asking ab()ut "nigiht blind-
ness" literally tratnslated. Fo)r example, local 
telills inl Iolkl esian and BengalIi literally icaln 
..chickeri eves" oi-"chickcn blindness," 
b)eCIuSC chickens 1ire night blind. (SUC Talble2 I 
for S)meC Other C(unl rv-s)ecific IOCa1l te'rmlls.)

The best incanslls Of identifying allipropri-
ate lo)cal term is t(ask the targCt p pu1litiocns, 
including pregnamlitwonne and sc(l(olchild-
ren. The term ftcn will be specific to the 
regi(nal langulg4 )IhOcil diailctC. ( )nce a 
locally appr prizite terill is idcnitified, it Cllcbe 
validtied by specifically inquiring what the 
p( pukti n i1C.alS Iw tile term a id what age 
groups ii iffeCts. One can be misled by terms 

that actually mean "blindness." The distinction 
is easily made: "night blindness" overwheln
ingly involves children and is not present dur
ing bright sunlight; "blindness" overwhelming
ly involves the elderly and is present most, if 
not all, of the time. 

If in doubt, one can further validate the 
term by revisiting children with ,ipositive his
tory at dusk or after dark or by placing them 
in a dimly lit room for 10-20 minutes to dark
adapt. Their ability to find candy, toys, or their 
parents can be compared with that of children 
said not to be night blind who have been 
tested in the same way. 

if a mother answers affirmatively to the local 
term for night blindness, her response can be 
further confirmed by asking what she means 
by it. Usually, she will indicate that the child is 
afraid to move after dusk or cannot find his 
food or other needs, and that this behavior is 
different from that of other children in the vil
lage. Mothers will sometimes say the child is 
night blind only after :iparticularly sunny d:ty 
)r after flying a kite (eclUiVllnt to looking Up

at the bright sky), but not after a cloudy daky.
This child is defiiitely suffering from mild 
night blindness and should be noted as night
blind. The exposure to very bright sunlight 
stresses the ability to dirk-adapt and therefore 
reveals mild vitainin A deficiency. 

Interpretation
 

The World Health Organization's (WI-) rec
onmendations stipulate that vitanlin A defi
ciency is a "serious public health problem
when at least 1% of the children are night
blind." In rate calculations. only the number of 
children 2 years and older, if that is the Cutoff 
age. should be included in both the numerator 
and the denominator. 

6 
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Table 1. Local Terms for Nighblindness inSelected Countries 

Country 	 Language 

Bangladesh Bengali 
Brazil Portuguese 

Burkina Faso 	 More 
Marka 
Sawo 

Cambodia Khmer 

China Chinese 

Chad Bilala 

Ethiopia Amharic 
Eritrean 
Tigrignian 

Ghana Kassin 
Nankani 

Haiti Haitian creole 

India Tamil 
Telegu 

Indonesia 	 Indonesian 
Sundanese 
Javanese 

Kiribati l-Kiribati 

Malawi Chichewa 

lali Bambara 

Nepal Nepali 

Niger Hausa 
Djerma 

Nigeria Yoruba 
Hausa 
Boko dialect 

Pakistan 

Papua New Guinea Pidgin 

Penr Local Spanish dialect 

Philippines Tagalog 
Bicolano 
Cebu Island language 
Hilagaynon 
Kinaraya 

Senegal 	 Wolof 

Sudan 	 Arabic (proper) 
Arabic (colloquial) 
Dinka 
Kordofan Province 
Darfur Province 

Tanzania Kiswahili 
dialect 

Zambia Chibemba 

Term for Nlghtblindness 

ratkana 
cegteira nolurna 

you zondo 
souranfie 
;oro vei 
quack mouni 
ye mang 
mournou or mordourot 
defint or dafint 
ghbahmi 
ghabmi 
titi 'ibri 
Yongpelipse 
j~poul 
naalaik'kun or malai ken 
raycbekatloo 

sisiak or buta ayam 
kotoketin 
kotok ajam 
mataki nte bong 

chidwi 
sura nfi'e 

ratandbo 
dunduni or doufoun ido 
dundumi 
nakoju 
dundumi 
venaguasina 
cbanjar, andbrata, narata 
rutonda, sbabkor or shabkori 

ai tutak long nait 
nietalopia 
matang manok 
barapenor barap 
mahap sa bapon 
kurap 
barapon 

tnbenpene 

asbaleli 
jabar 
jubara 
abugifet 
amele 'i, jbaar,jabman, 
toormu, wa'ala ootr, abuginfet 

kuloona usiku 
si;'akuona ne chilo 

kaffi 

Translation Note 

"night blind" 

"evening eyes"
 

"chicken blindness" or "eyes"
 
"chicken blindness"
 

Used in Lower Shire Valley
 

"eye too dark in the night"
 

"chicken eye"
 

Refers to nightblindness 
in both cattle and humans 

Source: Ielen Keller International, itamin A N'uws Notes, Issue 8 (Spring 1992), p. 11. Used with permission. 7 
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Advantages 

The advantages of this means of assessing the 
problem are its noninvasiveness, simplicity,
and speed. Children need not be examined,
samples need not be obtained for laboratory
processing, and a physician or ophthalmolo-
gist is not required. But the person asking the 
luestions must be highly trained and skillful

in collecting and interpreting the mother's 
response. 

Limitations 

A "history of night blindness" is probably not 
a useful index of vitamin Astatus where local-
ly specific terms do not exist, particularly if 
the community seems uncertain or bewildered 
by the clinical description.

A "history of night blindness" is a useful test 
only in children older than 1 or 2 years of age.Mothers mlay not notice night blindness in 
younger children because younger children do
not ordinarily walk about the hut or village. 

Application 

History of night blindness has been utilized as 
a standard WHO 'cri.rionin field surveys in at 

least a dozen countries. At least three studies 
(1-3) have validated the sensitivity and speci
ficity of the procedure against other criteria 
and are consistent with one another. They
indicate that it is a reliable test for tile diagno
sis of mild vitamin A deficiency both in indi
vidual children and in the population at large.
The prevalence of night blindness tends to 
approximate or exceed the prevalence of
Bitot's spots in younger children, but is some
times lower in older children, presumably 
because of the presence of nonresponsive
Bitot's spots among older children whose vita
min A status has improved. Because nightblindness can also be a problem among chil
dren of different ethnic or regional origin in 
urban slums, the use of local rural terms for 
the condition may or may not be appropriate. 

References 
1.Soonner A,l lossaini G,Mohilal, ci at. 1listory of 

nightblindness: a simple tool for xerophthalmia screen
ing. Am J Clin Nutr 1980;33:887-912. l)e Sole G, lelay Y, Zegeye 13. Vitaioin A deficiency 
in soothern l-thiopia. Am j Clin NoLr 1987;45:780-4

3.Stoll 13J,Banu II, Kahir I, Molla A. Nighiblindness 
and vitamin A deficiency in children attending a diar
rheal disease hospital in Bangladesh. J Trop Pediatr 
1985;31:36--iO 
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PART 3.BIOCHEMICAL
 

Frequency Distributions of Serum' 
Vitamin A Levels in Cross-sectional 
Su1rxvCys and in Surveys Before and 
After Vitan A Sipplementation 

A.CROSS-SECTIONAL SURVEYS: SERUM/PLASMA 

DISTRIBUTIONS 


t ll! ,1f\itifinlj 

"i'crc'1I l:,licil~hA in (.\ ()Istillclicfical 

II ji)iA ."11i, 1if illi\ idl ;i fit 

i hcvlc A arc' l)4l()il-

ill5; 
(jlik14tVl i' mfl diIil)lI ()!l;ilc(I f' lI .l,-

,tL~lc',IIfl)lil IS l11W)C t hIcflil.TI 
l\ ,, 1trc(Wtic ikV (1'\ ,U Jlit'l,ttilll'f t11till 

11ik(.11 ;[,, (i lPilit(d 1. (20.I l )<- I()\\()1,( :1n1d 
() li-d, (I( l ll.) lir lit.nlln lI W pg t,) i(lc'niifics 

Ilcit,i isk gt4it ts hiit5I) (I). llh's( (1l,&1f I la~c 
I),l, ,irICilr:trilv 'li C((ls(Mii '(SS-,ll cl I 1 

5141i v (Nf)ti ill', )jtl ' f('.1 I) i \silittIv 

>ilrit.,,4 \ ltre' (1ini1al Vlitlin \ (titicicncv 


id )I-did it(1t()tcu'tll. \\'l 5iLplif
lit cch

niitcS \\crcC iO(4Al\V:iys rcJ)r'StllIli\4, aiid 
\viit'lt ' t(flsict' ll ion \ l' 1 t il'i !w C11 1() SI~ccific 

ilgct rl ictl:irhv prcs( l1(4ch1liifhti ) ;inl scx 

ps ;r1 4(( girls anid ft'ile' W( iln]
4st'1 ll 

ihli ll i:\c ltitl Cilt ifiii 4imv 1 l4U fkunCl ma1l 

1l;( lls(it iVtI <Cs (lilf e i1)ll11)St (A)1lhir 

IilClit' ,(f1ltlpl''r(2). R(etll W\ r1 I
has sIwn 

thai tIhl rct1lcl'\ tlistriilli)ll t'V\c (1 s('rtl11 
\Viiil .\h'\cl (Cildr'n(11s in 2-)-Ca1-()Id e Sil-
ing ift: tpcpi\o(l tf'irl()llllt1ellS \\ i()plt\'i tlisl' 

rCt'ci\Vd la iias.si\V (14Se(io \(i&iiiln ,\has 1A 

1l( iil:ll. (wt I 1 11(m.11i:il, sL p:ie (4,()it with 9' 
the valucs > 1.(6 pltlwl I (3( (11'1 (3).,ig, 


Procedure 

Faisting b 4444! 5al1)pts are '()l)l',ifltl 1w) 

Venil)luin('tir4' 4)1 Iiiiqtr lprick 1i1ilappn(pri
.ll l)(Jlem slpec'imenlsd p)iil:liiOn. Ti' 
filt b Ihli1(lhtd I)V \Vcll-tlscril+ed staitlaru 

1)r') (V'(lhiitIf stb;lilityiss until aal;ilze ( 

(I'lm11.n,4u i' ul',,ilult'0 hc'ruin Ian? 

by standardizted analytical prtce(lures that 
pr'(Wide fi 4r n (ng ing pit0gram ()*(l14.ality 

(n4rmil ( 1,5). TlC liocAllCnflicil values are plot
t( cl :ili(4g thct ()rtlihl)t Ix axis) and tile fie
(Illtclicy' (t 'lccl (scissa()t'ilrrtll('t" 14( fgl) 11 a 
IV axis) il inierv:ils cj sizt A1co)ilii (;ilS1 i 

) t i a hist),i.lli. lot oI
MIrSal ire as 

rlir-l ()rIlWial (listrl) till iis",i(, at" c n bc sull 
l JA t'(1 UlSillg OWilt'il:i l t l1i1t11LI~SI rI
 

deviti oni{i, iftlhc'distrhinil~h ill is skC\\V(I, 
\':llucs :irc' ll()l't 1.1ppr()l-rillct N.pr-cscillce(I ais 

adieldiaid )ercentile VluCs. ',HWrop)iiorion 
ol ithe pptillai()i whose vitaini A sttuis is 
c:I)nlsiderrc niitritioii:lly'Ade(1latC2 Or aIt risk is 
(Ithterillin -tl lascd (In rtfrtereice cltoff points. 

Interpretation 

Reccnt (,ilat3 stlggCst tliht the ultoff values pre-
X-i(Ilu ' Colisidriced ac(LUatC, i.e., > 0.70 
Jtii( 4! r()r he rectinsidered. InI. 20pt(ilI. sho)uLnd 

a gn (if 2- -yct-;l'-(dl4111) Brazilian children 
Ironii a (,t-)rived etnvirnl)le21t \\,lwose vitanin A 
statIS Was k i to be satisfactiiry followingwn 
stlpIllc iltaltion), :acultoff p()int of' I.5 lioil 
(310 pg. (11.) that1 Were in aC(lUateasslrdC(. 95) 
vitl'inin A staltus. :(orIiagn(slic an(I pr)grai 
eV:ltatiol4)l Ptli()StS, a ialysis Of h'I las line 
(ti:ililutiotn ai;i1st tiis r4crncc' (i.e., ()i5% 

valetls _ I.( p.ill(l,L) ip)\'i(ICs an (li)jcctive 
estimnalte ()fthe, prip(rtiol (Ifchildren below 
the clli wff and thus at risk of' vitamin A insuffi
(ei('v. 

Advantages
 

This :ilpp 'h i) aisingle Toss-sctC'ioill stir
VC'el)r(WivCles ;IprIiliC' (I the t)0oLllatiol's cur
'efit stlus. If'the sample is ranild(mIIlIy selected, 
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the data can be extrapolated to the larger pop-
ulation it represents, and thus provide a base-
line against which to measure future changes. 
It is the most cost-effective biochemical 
approach to assessing a population's vitamin 
A status. The parameters of the curve (mean, 
median, stanclard deviation, coefficient of vari-
ation, percentiles) provide quantitative esti-
mates of the proportion of the population that 
would likely benefit from an intervention 
program. 

Limitations 

The profile obtained reflects a static situation 
and fails to capture the dynamics that may be 
occurring because of seasonal or other eco-
logic, economic, or biologic factors; therefore, 
it must be repeated to determine whether con-
ditions may be improving or deteriorating.
In addition, obtaining blood, although a mini-
mally invasive procedure, is often resisted by 
parents and children and requires complex 
logistics to assure safe and proper collection, 
handling, and analysis of specimens. Sterile 
collection conditions must be maintained, 
Obviously, a standardized analytical laboratory 
is required. 

Application 

Senim surveys are the most commonly used 
means for the biochemical assessment of vita-
min A status. Unfortunately, many surveys 
have not used appropriate random sampling, 
thus making it difficult to extrapolate results 
from a subsample to the larger population in 
order to obtain reliable estimates of preva-
lence. The National Health and Nutrition 
Examination Surveys (N[IANES) conducted at 
intervals in the United States are notable 
exceptions (2). 

B. DOSE-RESPONSE SERUM SURVEYS (S300R) 

Blood levels of vitamin A are honeostatically 
controlled. Several factors in addition to 
dietary intake, however, can lower the homeo-
static set point. The best means of determining 
whether a population's diet is the responsible 
limiting factor is to determine its response to 
vitamin A supplementation, i.e., to conduct a 
dose-response intervention. The difficulties in 

the past have been to identify a proper cutoff 
point that is generally indicative of hypovita
minosis A and to assess whether the hypovita
minosis is primary (low dietary intake or poor 
absorption) or secondary (due mainly to infec
tioies or defective transport mechanisms). If 
children with low levels of serum vitamin A 
show an increase of these levels after a mas
sive dose of vitamin A, it must be concluded 
that hypovitaminosis was caused by an 
absolute or relative deficit of vitamin A intake 
(5). Comparison of the distribution curves of 
cross-sectional surveys conducted on a popu
lation-based random sample before and 
approximately 1 month after high-dose dietary 
supplementation may indicate whether the 
population's dietary intake was limiting. 

Procedure 

A fasting blood sample is obtained as 
described in section A before and 30-45 days 
after the administration of a massive oral dose 
(200,000 IU) of vitamin A in oil. In popula
tions of children who initially have adequate 
vitamin A status, this procedure is innocuous 
because the liver's capacity to store vitamin A 
exceed," ,he amount of vitamin given by at 
least tw,, orders of magnitude. In vitamin A
depleted children, of course, the dose also
 
meets a defined nutritional need.
 

This approach should not be used where 
the population to receive the (lose includes 
fertile women and w\'omen who may be in the 
early stages of pregnancy. Indeed, massive 
closes of vitamin A should not be given to fer
tile women at any time unless they have clini
cal evidence of severe deficiency (6). 

Interpretation 

The percentage difference in senim levels of 
vitamin A a month or so following the dose is 
calculated as: 

TI- TOx 100,
T1 

where T, = value before supplementation and 
T1 = value approximately 30 days after supple
mentation. The cutoff for the percentage 
increase in serum vitamin A that reflects 
replenishment of organic reserves has been 
set at 20%, for analytical and statistical consid
erations (7). 

10 
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Advantages 


The S301)R appro ach \'irtuallv eliminates 
rl(ndieta I*V C()f( iund ing fttrS. Icause tile 
c'urves are dratwrn With values tr()m, (p-uia-
ti( thc ir(own (()Iten deprived) envi-)fnliving in 
r(inmenlt lo'0rC and aLter trmuitirciit. Thc,r is 
Icss likc]ih( od that signrificint intervening va ri-
alles ()hter than tle intalke ( ftle ms,.iVe 
do:,, (d \litanin \ dL+huritiW l-mthe )nth itecrva:tl
Will lter te.' Ci.stribution. This method peurmits 

lIl estimate, ()ftle.l)rclclLL't:I, if liria. \il-
in.\ ,d'ficienrcy. tle easily prc.t:le 

if hylirvita nii n(,)i, A that canrt Ile c i'rr(cted bW 
initprl vcl diet or the administration of 
Sti plee)IIh.t1tt+. 

Limitations 

,ititaltiol.s inclulC the nieed'(l f)r idequaelC 
S:ip11IC c )llet.lii, careful hand1tlillg and Stor'-
ag0C. and accuratC anialys,'Sis. This inclueCs a 

la)l'nl for vitimin A analy-
sis. with )pll( ittilettic ()cirhhiigh-p)c rftor-
i1:111nC li(luid clronll;tographv (I II'I.C)analyti-
cal fatcilitic.s. Soic cinsider the need for 
VenIil)UiltItu hh C samles a coilStraint. "'his 
can h oWuC 'ilQ s) h t.ilng finger prick blo, 
provided that the techillcians are pr()Crly 
trained in ()ht:tining ii()lititnit\" ci)(e erit i ni 
a1nd thait iInstILImIl darllICdClizCClr sllt for 
nci' pr )cedutre. BLcsie (it the nee2d foi' 

ctratelc qtiantit:ltiv . , (najuatlitv control 
iftthe' abi r()lt l)i( :i i )f" ii.i'v andn7 t~e' p~res, 

\:iti( nI (t s) cs ential ( I ). Because.pec'(imens is 

if1' e \idel2sprCad l)rceillnce of AII)S infec-

i) in i .ll" ()c'icties. technic'ians m UStse 


Spr(>iateclatii in,, (rubbe'r gloves,, c.) 
in drat\wiIg an11d handlling hLllml blood. 

Application 

In1Recife. Nortlhcist Brazil (3). the potl)le-
n rfrequency"diStril)ution 'urve. of' 

serlUml1 viltamllin A le\els yielded the t)llwhng 
Ifleiltllli(ll 


Anl l~
-.,I1hit i h h l1L' (14)fil~tlIll[\ 1u1,11h\ M t nt(
,i l+ ~. i n + t t l l l h .i111ttl l.i h l \ t , ,, llC i t LO ' 11Ihi 'l I t.\ 

iih" I', it hIi hh ,"d il. ul Illk ,If(ht.tt1ii1ll(,l tIi'k! h+. <)11it[+ 
< .It\AI~ill~l{)+,lltl u~l t )l~ ilt'tit Iitl' ,I"l~ll~l~lhl\ k -

W1 IWt i (IlL it'. Jill) All 11 O 1S ii< gM'nl14 tht ,Ln ,H :itht r",ih, 1110 

1iht.\lI[(. l A\r cx .iildh() hilthtinhwr thinaiiii+Im 1, 

hl( I~ J.itiillt... ( t I h~t'11 midt ;i hiktui gilil r 1>hi n lt.LJI&;lq 


(l l l tli lt-if l i i
 

parairitei'S, in Pm0l I. (\':IuS bef(I21'o'e Supl-ple
mnent tion in arenth-eses): inca n,1.78 ( 1.31 ): 
S":,I),
)..19 (O.-i ): median, 1.69 (1.29): mode, 
1.-12 ( 1.02): and 951)0 c)nfidelcc inter\'al, .02
2.90 (0.-12-2.63). With the p-)s.,t,,ul)pletcentat i()tl 

figures .s. ( f the childrenreferences,. 33.21 

hdI d fic'ient (ormargqinatl vitamin A StAtuS at
 
XIaSe.line (i.e.. the lresented with SeUm vital
mn A levels hlh iw the wer 95( cnfidclce
 
ilterval limit of postsuplemlntttion values).

'l'hiS fig-tc is il g()€d atrc'tlreelment with that 

ohttinl using a re.ilatti~(l,se-re-p)nmc' e
dure1.r (.O."") anld Wvith the )er'enrtagettc Of 
decease( w livers had vitanin A-d childieC il<se 

reserves below ().()- tilol g (31.6"i,) (3).
 

A survey inl Re'ife, N rtheast Brazil (II. 
Fir.s. un pul ,lislIed da+t.ti)..( \'vcd that tle 
S301)R te-din i( Iie isac'urteu f()irestinating the 
prea\'ileInce (Ofiina(Cl('atC (d'ficient plus i
ginal) vitamin A Status. \With the relative close-
i'Csl(,lS iS tilrCf'rC'ncCe, the S3())R tecihi_ 

li(jUC yiClCCd the oll()'ing aram t.rs: S lSi
tivitv, 91.70',l: Specificity , 60.3f; positi'e pre
dicti\' alue. 75.0t negative prdictive \'alue, 
87.5%: and biasl. 1.2. 
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The Relative Dose-Response Assay
 

le relative d)se-respomse (RI)R) test, 
)riginally developed by j.lnderw )( d et 
ll. in rils (I), is aIg r)d indicator f 

marginal viltanin A status botll in idi-
VidrLaIs and in jn)pll:rtioIIs. The RI)R 

assay has bovil validated in huirrans trlsinr 
(Iirect mIC;aSIr rs ( iv' vC\'itr iin A (2,3). 
IDuring vitauin A eh0icincy and marginal sta-
(LIS, ,",+/P-,-r,.'illfd-bl ldingL 1)1-(t,.ill (RI, l)+) i.t CUnlu
lates in thre liver. After' Asmlll dW s( I 'it-
anrin A is adrntiriSt(r'(L. tiehu/od]-Il, is 
releasCd inrt Ch1ire s,'rurI frC tire live.r and 
tr,1ns)r'ted 1(C tiSSleS. Tle rcspr Cusc( OfCi1agert 

the individual to tins dose o)f" vitanrin A is mea-
SUird in the serIrrrr " In crs'a;fter Idministra-
tion )f the dose., 

Procedure 

The RI)R inyCfle's giving a standard olal dCose 

l*t ()- tMtl ) ) of' retin )l
f (6)) p0.g ( I.57-3.-N 

equiva.llnts dissolvcd in Oil I r.IThe d sc has 
also beel gi'ell int r'ave 1 ),Cer ausly (I0)()))pg 
30-llintlt irtcrvail) as aJvaer-dispersed sus-
pensi t ChilIun with liver disease (2). 'T'wc,
bl(oC d sample.s ar' taken. (me immediiately 
heb+fr' and me it rafte' the (l.osc. Vum s 
or capillary I1C)(1CI smnrlrre.s are .aken depend-
ing <)l whether rrri(rCatnatlytiCAl prl CCtIr'cs arle 
availail;ie. Altrl' lipid extractili )Ithe se'rrl 
Satfllh)is, thi ser'urrnl vitarin A cicentration is 
m1asurred bw s' ()rr'anceIig-perft liqluid 
crcrrrat gr'J)liry I II1,) (Kr()f i suitible spec-
Ir( plton it crrtric lrcrtir( The higher CCral 
(I( saget lt'vt' crn r('n(,d \VhlC lhe :iariis R Crr 
lytical r')Ctdtlt-' is III )IC(becauSC this 


tin0)(0, wir'r rfutiiIV alpl)liC(,. d<Ces nC )t

(l't'e I)CCiiial l)()s(iChsirig, r'('sidlal tCirt't-

lating rclin\r esters. Tih' l'sp)nst, is reatrlSlr'Id 
ill the sCriii is ;r l)r'c'llrita ( - A., . X 
100), \vhrC'r' A- is tire s'rirrr t'tinr l ('C nt'a-
tion 5 lrhtrr's alter tlt' I s(' aall(sd A, is the '(n-
(t'ntraiti(l hft)iV (ChCsinlg. 'liecir't',lly, tre 

value can he 0-100%. A response of 20% or
 
higher is indicative of inadequate liver
 
reserves (< 0.07 pmol/g liver; < 20 [tg/g liver)
 
(2). Negative vialue:; often )ccur amo>ng indi
viduals wi10 are in adequate vitamin A status.
 
These' values ,tre rgiardCd as a 0% R1)R and1
 
are i nterprete(l as reflecting aln adequalte liver
 
store ( )f vitamil A. 

Interpretation 

If'the RID)R value is > 20%, the child is almost
 
certainly in a marginal vitamin A StatUS. lO
 
determine whether a ptrticular co>nmlunity is
 
tt risk, tire prevalence ()f aImarginal status can
 

be assUssed in a r'andC rnrly samIled suLbprlpu
lati n. 'Thlis, a relatively sIrall hUt representa
tive numiber of' children neced to Ihe studied U)

make si ilalIh. pullic [rea
1tth judgmUnts a1)Alt
 
vitamin A status in a p)l)Julati ). After analy
sis. supprlie Cnts (a iehI madc avatilablU to Cres
ide'nts ()f cornurlilnitiCs W0ho have a high inci-

Jeunce ()f po(sitive RI)R valIues. a
;ypically 
dose o' ()W0,000-200,000 It every i-6+months,
 
dlepending C age, is en( Cugih to CIC wer the
 
morbidity and rmi)rtality ass(cited with lmar
ginal vitamirn A st:ttus in pr'school chilren. 
The' saMIe benefits can be achieved by assur
ing a diietary intake that rrcCts the r'erCr1l
menIelC datily neUd ()f this age gr'oup. 
"l'entltiv,.ly, a public health problel might be 
assumed to exist if' > 20, oA' a,population of' 
prescho(1 childr'n show abnormal RIR 
( > 20"%) v;ilus. 

Advantages 

'he RI)R is a gCo(Il inlicator of the individual's 
vitanmin A status and has application for cornlll
lunlri)' a.ssessll renlt as well. Th'e effects CoCf'cCl

flunirdinig factors, su('Ih as infecti uS (isCisC 
r111dill((IC,r'tC pr1t.i-calorie, rralrurt'itiln, onr 

s'rll1 t'tlrini C'1CCn ilatils a.11'e miniizCd )y' 
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use ( t this rescnl)mse test. [(rcianalysis, inv'esti- no rtheast Tlhailand (7). No clinical signs were 
.gatt rS haie a ehoij ci enL, t.(tered in the strvey, hut 20% ( I"tileC llsing, either I IPI.C( 
\\hich is : fltirly ,\idesp)re'al thniclec'L it any cIl-Il)tlati ii WeC1t i(Cllilicl aS mlarilly ~d'i
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The Modified Relative
 
Dose-Response Assay
 

T 
Sbc"'-, A. Tcuitnibardjo,M.S.
 

hle modified relative dose-response 

(MRI)R) assay is similar to the relative 
(lose-response (RDR) assay. An analog 
of retinol (R), 3,4-didehydroretinol 
(1)R), is used as the indicator in the 

MRDR test. A single dose of 3,.-didehy-
droretinyl acetate in oil is given orally. like R,
DR binds to accumulated apo-RI3P in the liver 
and is released into the serum as holo-IflP. A 
molar ratio ()3,i-didehydroretinol/retinol 
(I)R/R) in serum is determined -1-6 hours after 
dosing. MRI)R values theoretically can range
from 0 to o. 

Procedure 


The MRI)R assay involves first giving children 
a single oral close ( 100pg/kg body weight) of 
3,4-didehydroretinvl acetate dissolved in an oil 
and then taking a single blood sample 4-6 
hours later. IUsually > 0.5 ml. of )lood is 
obtainel by venipuncture. After the serum or 
plasma ( 150-500 LI)is extracted with 
ethanol'hexane, retino l (R) and dehydroretinol 
(DR) in an aliquot are measured 1y high-per-
formnance liquid chromatography (IIIPI1C). The 
monitoring wavelength of the detector is set at 
350 nm, which optimizes the measurement of 
DR.The amount of serum needed is (lepen-
dent on the limits of detection of the I IPLC 
system. Standards of both R and DR of known 
concentration are used to calibrate the IIPLC 
system and allow a molar I)RJR ratio to be 
calculated. 

Interpretation 


Children with I)IUR ratios of > 0.060 are 
judged to be in a marginal vitamin A status. 
The suggested cutoff value of 0.060 was leter
mnined by comparative studies With the RI)R 
and conjunctival impression cytology (CIC) 
techniques and reluires further validation 

(1,2). A cutoff value of 0.030 was suggested 

earlier on the basis of ratios found in healthy 
American adults and children. In the light of 
subsequent experience, this cutoff value has 
now been increased. Tentatively, a pubhc 
health problem might be assumed to exist if 
> 20% of a population of preschool children 
show abnormal MIRDR ratios (>0.060) 

Advantages
 

The MRI)R offers several advantages over 
other procedures. DR is a naturally occurring 
form of vitamin A that is found predominantly 
in freshwater fish, but also to a small extent in 
mammalian tissues, including human. DR has 
approximately 4I0% of the biological activity of 
retinol. Only one blood sample is required, 
and the serum samples can be frozen and 
stored for analysis. The re(luired f-IPLC instru
mentation, although costly and sophisticated, 
is fairly widespread around the world. The 
effects of storage on vitamin A stability and of 
sample extraction efficiency are minimized by
employing the ratio of DR/i in a single sam
pie. The MRI)R, like the RDR, gives a good 
indication of an individual's vitamin A status 
and can be applied also in community assess
maents. It is easily repeated after a therapeutic 
dose of vitamin A and can be used for evalua
tion of the effect of an intervention program. 
Another advantage is that children can be 
closed in the morning at their homes and 
brought to the clinic or the survey site several 
hours later for the sampling. Moreover, the 
MRI)R value is reproducible over time in vita
min A-sufficient individtials (2). 

Limitations 

The MRI)R assay has several constraints. 
Because of the low level of' DR in the postdos
ing circulation, a 1)0(1sample sufficient to 
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yield at least 200 p1. of sertum or plasma is 
necessary to obtain the amount of seruni 
needed for the analysis. Free )R is not stable 
once it is extracted from the serum. Therefore, 
extreme care must be exercised to protect the 
extracts fronm light and to inject them ais 50on 

as p ()Ssible into the ItPLC sy'stem. Because 
l)R-acet;ate currently is cimmerciall\ unlvail-
aCle, it Illust bet synthesized or isol:ated from 
fish liver )ils. Also. usLIUtblood he taken from 
the children and the samples need to be ana
lvzcd using I IPLC, which may pose serio us 
limilaltions ill somile Cutires :md ;1-,'tlution.-
BecauItSe 0' 1t .',li .-pread picvalence of' 
A). inlectloill ill many societies, technicians 
ILIust use alppro prialte plcautiollns ( rubber 

gimwes, etc.) in drawing and handling himian 
Ih ) (1. 

Application 

Ctrrentlv. [te NIRI)R has been validated in rats 
III varying vilamin A statLS by directly llleaSLr-

ing liver sto res lf RI( 3- ). The ,\IRI)R has been 
,Ipl)li.'d to twoIlOjLIulatilS olff lo\\Vil children 

7.). In1 bI studies, the NIRf)R t1 i]ir ratioll 
was always less than (0.1-i. Indo nesian children 
tested It) dale have n()t sliil Ill\ (overt siginS 

oil clinical vilaimin A deficiencv buti have ratio s 
rligin, finmll 0,00)(1 1 () 08. ( 1.8). A C()ll1lltlnitv 

asse li ()ft stepaWrate villages in the 

o()1roiI. Indh inesia, rea sh iwed i significant 
diffeteice in 1te MIRI?)R V'alIie. ( )ne villagte 
wa;s itildlv tnalnonurished while the tlier wis 
,,;,', vc1irurished. "'h' CIC test identiLfied 
tile s ie )()pltill hti I( it nec'esslrily the 
samelt' individuals, As being it illl-eased risk ofi 
vitaunin .,\ deficiency. 'IleIRI Mlgave similar 
rults ill the d ptilatioi Mll indi-(in 

Vidua.l level when 1 (1)10)-Pgdlise Wis given 
)ut n( t in the first giLp when I *0-pg ldose 

wa:is 	admlinistered (1).I 

Conclusions 

The .\IRI)R holdils consideralle proimise as i 
nlillilllaIlv in\visi\'e tcllni(que' hN" Which ;amar

ginal vitanin A status can be detected in indi
N'idual ( hildren before clinical manifestations 
appear. Correlation lietwet,n the MRI)R values 
of individuafls ,and their liver vitamin A con
centration would be useful in defining the 
best ratio to) be used as a cutoff between a 
marginal and a satisfactory vitamin A status. 
The procedure also holds promise for applica
lion anong communities to assess the preva
lence of marginal deficiency. 
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Plasma Retinol-binding Protein 
Response Test 
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ai]pli'catic1 in )ng ot1ILcr aL' gro0pS, ,ippro- Application
lititt-frlprctativc+ guitlolinleS nIc'c'l to)het
 

t(\(I( ))'. Alfl( ing II(i'lIcd , ItS in VI.13\\,neonates are vitamin A deficient
 
S;Ut.Li. i ih.jll, I>-I l hi l )tir bcause their liver stores of vitamin A are
rI tiM tin 
., ,n',' (NI )Wi gave reIs-uls c()ip.,- I riliv those of term infant.s (7). The plasIc',i I,I tn 

r~ih I,) ()ltciried OnvcntiCn:cl ni IMP rcsp-m)(4ns test (modified in the instituttl() i eil' 


,Iiii ,ix si I,I,,)+ R )IO) 
, iic, tC- I ( ).In 'IliS tic iIl S'ttitlg t()colleCt lMOd S;llpleS at hase

, Pi~ql Ii,' l'-lI)lJ , line,,uin l, x,i,i.;clct,iC'd and 1,3,and ( hours after intram uscIliar 

I Pi I.t'dr y. til -1,1rIL' linllllg Alld iltler- injection (>f2(0)0 It'kg water-miscible retinyl 
t.fl r . i INt l a','s)er()rilL'd in igrou) Of VLBW- , tcI i. )Rtt . 1Citatt:) 

ilt'ts,(b irtl Weight < 1350 g,gestational 
age < 31 wecks, vetnilatc)r-(lpendCnt for > 24Advantages 

)irs altur birth, ni = 2-i ) studied shortly alter 

*IIi L - , il ci is simlllr the initiaticpliii,i NItl r ts..t to il(ofvitlaliln A SLP-

V, .11 ICi ir(fLer i28-day period1(11 rid clI bN )t1ti field aini plcniniatnli--and again alter 

111Ilk . s 11W Vitiliiil A vitmiiii ntaticin (2). Oin postnaatii r, lil d c'(c)c us i. l ()I A stpp ie 


IIItIeisc, lli hc iit Ihais cl v 1, te A II'values inl this study
il te t b tal d were 
i k i , )tiilc.c.vct %TrVI,\V ill~illtis ((). high (tcean ± 'I) = 61 + 2711(,,range 24-1921%), 

ho.' i, c rw 'uire ing i.-, intl the plasia viltiin A and IMP concentra, r,tvi l irE tt, eily 
\\ itlliii tili, iiia lii(clin ling )eru" liouns anI the l)aiiia retinol 'I nolar ratiosI',ilth l' C l'ik 

,Itd1c, i, \ i iin tilr'cigc ci iircic ily cse I()[-r ru 1)c,, inlicaitivC cci vitanin A deficiency. 

''(I ilclii.ilci uiim) iitu( It ac,, icnxPlr'nsiV(e' Sulpplcuiental v'italin A improved the vitamin 

c.l(rll)illi. ,iii ()ililic'ii iJillv i llth )iI eCs- .'\ statils of ill illfants, as shown by low ARIM P 

1\ irt;ivJ ;I'cv tlIeIc c'ce(s nit() iles (mean ± SI) = 8 ± 91. range 0-33)%), by,AIVkit.. tl ir 
I (ilci .1 sillcimiiciir..ctd l,cll craic cThe ninli] plasnia viamin A and concentratest IMP1 


ii )%ivL', W)c,ciicir lit iliV he used ft(u tic)ns, and iy ncrial plasmia retinol/RIP
iillk 


icIi.iilii ili(i kif icidividhals aid screening of nolar ratios ()n postnatal day 28. 

1i1 )iiciliItMi',l1 ff O i)l c(I'tck\,itfltiunctional
 
c1,11ril .'\A d(l.ticieA\. Conclusions
 

Limitations The l)lasna RiBl response test is based on a 

s cund ratio)nale involying RBi3l synthesis and 

l I ia ccInI' iesc Se.s t hs IM'cen ,stuld- secret iicn frocm tlie liver in relation to vitamin 

Wid. illailiiniteC n uml icr Of a1sClcteICL grocup ccl A sta-ius. Thc is test inllyes cilicltii)fn of the 

\I.1\\ inl (2)AlndtI .wil.I, ( percentage icri,ase in the plasma IMP conilt,, ).Boi thI)i enci-
l'ii icAlltl sliates c froimn its baseline vIluC iniciril\ ,nd , t' tC. i iten- ntratii)n (ARI131)) 
Invrit' vit A11Iil\ ,iltei tlfN l' i iIl litve' ld r's)Icnsc to acLIte \ llmin A administration. 

ScilirelIC ticl RilP ret'p(. high ARIIP value is cocmpaiible with functional],pi,,n1c Ic)vitalliin 


\ iccniiiiiitiicn. Tihc ARtH altis se'l xitarinl A deficie'ncy, whereas a low ARIP
igl V\' 

x. i in ,ik \1I.1\\ iliiiit (2). i cx e'ver. )ilg- va Inc' is indicativte of nc)rmaliZC' functionll 

g icct c)Iii ticn,itirjlt rinI Icc itnctl dlis- vitamin A status. An cvalticiln (if this test incll d 


(..i,,t. ti. illi v i IicN lin tilil4 il lice infants sllMV ',ss
i1 it( \.It1\V.' iw 'ditsiusl2ftlil 1 1 mOln

ll1 )Li'liMi itlcing c'ClitlUCe li)i idtntific;itiin cf thoseCli 1t,tii0( i i iRIH ri's'ii clse 
tlricc .if 1cncci, ciil, eilrgy, I)[()- inlfansl., With persistellt functicinail vitalmin A, inr cll 
ill. c /n p titill\ .clsu cxcl il andi increaC.sed risk for,i .cttct dl'fiCinc' pcsit lv With 

sI iii .i ti lit l .ii lieru'Wh)r i11tfl,c rcca holnilc'c(clr ary l'ysplasia (5). The test is 

R Ih iv' re iliiil A ,cillimiilct)n. \ ()Itcrt*()riri aid applicatl)le to both fieldsc c. x,) sirlip l 

c ., 1 ru aild (liritcl lctiil.s. Fu1crt1icu Valic iln of"10i %ill )cc (1ii lihti ith crc tine sit cil 

('11 %ciJliillrili% ;ii \ :\ti(i , te's. tcssarly to determineci Aicccrcc ic tfas I \\'r, is ' 

ii i\( v.\rf. IHi)xs ii te I),.i NiHl rOwpi c' iMPts.1 i l ;I ielCi-applicalhlt screening 

in \ citrI iiclk In i,inti,t 1 c isai iL itiir , iln IllIst test inciiirgiil villicili A deficiency antI 
'",tclf i) ( itic itei li(IlWiI S vitam inc iii-ir tli.ig ce aSeSSinli(ilt of 
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A status in individuals such as older infants 

and children at risk for diseases associated 

with vitamin A deficiency. 
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PART 4. HISTOLOGICAL 

Conjunctival Impression Cytology
 
l)chl rub Ih.D.Phwium, 

itamin A is essential for cell differenti-
at i(m and mnaintellalce off cell leill-
brane integrity. The presence of vita-
rin A alhws stem cells to transform 
to Luci n-sccreting cells (gohlet cells) 

while bhcking the transf'(rmati n ftml c Ium-
nir epithelial cells to) stratified SqluirLis 
eliithliil cells. The absence ()fvitamin A 

uilSCS at 1 iSs ()i" gblet cells and aln increased 
S(tIL,111iM ilc kisia (if cp ihelial cells. 

(Cinjunoctiva inprCssiin cvt(ilL gv ((:1(C) is I 
leth d Illt IssesseUs this vitaini A-dependent 

prceMss in .1 readily acce'ssiblC CpithClial tissue, 
tle' buIlIIr ciLnlunctivai. Sampled cells are 
Stai'iud and evauaited for histologic changes 
thiat are specific to the vilamin A deficient 
state. Animal m dels sh iw that in vitalin A 
deficiency, micr( sc ipic changes M the sir-
Lace ()f Iof(te appear .-1- weeks befh re clini-
cal signs appue:ir. The patih physioh )gy of vita-
inn A deficiency at lhe target cell level, in this 
casC the bulibar '0iunctiva. provides the basis 
kwir cnipl)vi ng CIC as an indicat(oir of vitainin A 
status. 

Procedure 


'I'he CIC t!chniquC is well described in 
Natadisastra et ,il. ( I ). Briefly, celluhise ace'tate 
filler pa per is applied to the infer)tenpra I 
butlbar c()iunctiva lthee'C, r'rII( veld, and 
pliccd in fixative prti tio staining. The pri'e-
lirr, is releated in le (ihCr eveC.There are 
irrentl\\Vx( tchniu,is in lse: the strip 

rltlod and the disk applicator ictlii. Bith 
use celluh s acea filter pa per.The differ-
en e is that the strip nielho>d Cnih ys cul 
enlgtlis ()f filler paper (if'varving sizcs and is 

applicd Iw hand Whereas the disk applicatorn 
tses I pinche d-()tl ( .5-cui-dila meter iLiUlnd 

disk (fpaper arid is appliCd I)the Cve by 
liii ()fs .i IaI;had-(ipCraltl'd vaLilrn pLunIp lnda. 


probie. Thu disk al)plict h cnlltactiilliilalts 

between the paper and fingers, provides a 
standard-size area of contact, improves target
ing of the sample site, and requires less than 1 
second (compared with 3-5 seconds with the 
strip nimth d) to obtain a sample. Importantly, 
status derived fr mn disk specimens correlates 
more closely with suiii vitanin A levels than 
doies status using the strip method (2). Both 
techniq(ues employ the samle staining method 
if periodic acid-Schiff (PAS) to stain the nLucin 

(if golet cells and hemiatoxylin to stain the 
nuclei i epithelial cells. 

Interpretation 

Centers currently using impression cytology 
have agreed on foMur diagnostic categories: 
ahnormil, borderline abnormal, borderline 
normal, and normal-which can be collapsed 
into: normal and alnormal. (These correspond 
to the impression cytology with transfer [ICTI 
categories of deficient, marginal mliILus, mar
ginal pius, and nornal. See chapter on 
"Impression Cytology with Transfer.") A speci
men is noirmal ifat least five goblet cells are 
present, which occurs in conjunction with 
sheets of' normal epithelial cells. A specimen is 
abnormal if gobllet cells and mucin spots are 
absent. Mucill spots co nsist of tile contents of 
goblllet cells and Niten are seen when the 
paper' fitils toi lift intact goblet cells. A child is 
co(nsidered I(be vitalmin A sufficiCIlt if either 

if the two lernip(mil specimens is n)rmal, and 
is considered to be vitamin A deficient if'both 
spCcime(c'ns are abnornal. BcCalSe vitamin A 
deficiency is systemic ind both eyes are 
involved, olly'oine n L I is sufficient forirna eye 
the child ti he considered nrninal. 

Conditions under which CIC and other indi
catoirs (if vitamruin A status are likely to be cor
related hav'e yet t clarified (3). It should be 
reeimcred that CIC iCSlre's ldifferent 
aspct (if vitanilin A nulriltrC than biochemical 
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indicators, ice., taqqct tissue celiiliitegri-

IVV.111dl Iii fl(ti(lIfi \'CrLIS Ci ftIli liilIg ()IItr' 1 ~ 

levels o)f vitainl A\. \\'l-Iereas vitrainin A\ su-iop)sy' 
plemeIIIiti(l iaiivh~ NX)S 1tS(2ru rll I 

tile Wi'5(iuior (of t C ( HIellilit alll' of rte 
CI titincti\'a ila\' take, se\eriweks. I IeCe.CC 

re to iilc'rap\ 


mlarkedcly'. SC'voTrII Sktii,(ic15 lil 'i (AI(At 


tile kinetliCS (I'*,1111 s I) li ffc'r 

I "Ii(-.l~ibnhr'nuial siihjc'c'ts: frI lii *I \vetks (5) 

t( 0 lii il 1 1~ 0 .
 

Advantages 

(CI( p "Ssss tile f f~~iti fVltI:eg.1its111 

i(Ili,,fl\ai\ f( itI il Af t'I"I\'e. it is tCatfiV -Vc'a.-CIL 

VeMial's iv it 111 '~iv.- it ie l 511 cta r-;111(1~t ~chs 

I liil ltis itlM\ll iel lllii'c' I ill f('V.' (f C-1 >' 3I 
ithdKSI(IIiI,'I 


ill leat()I- willtaiti.iiiaid itile rt sd(-


ttlitiitlL for,(1-rdjici W Ofldltiit'tliC 

'd 

calier lil'l. 11i( t (afiici tll tdaysil(d I 

pt fI )(lliL il~ldii\I', lrc ai l wunwntill Ii-
f*) \\ist'r 

t'itI It' 5 ilfIft' s)FZe i ll i'ecf,li.1 1iIrl Oht'(fi it 

SCll i C-1na'( as ci cf lCidlCn si aicus fis0 .lill
a M\tfI 

prilckwc~mll llly;11(1kwtll)I-
I)it fan ' c ttC Ata (If(, ifi ( lic Ic' lhidt'1 
tile ckwe llf-istihc'i Ick ititiRliltie of()''(tili gilc' i 

111i1-0 11:1 1, ias'(if-f'icfii ;ri\\ell itrprttt 

iSAfI\l'r ltAar - Id\ fit( ;it -IrIlal. I '\'-CIC ifl~C 

1 cllilli s iii' 1115 sifi~c sil. ilc'sfI rCcia Illnr 

dtis l. c tsi 'et w eetlI,, atL I'. I ,rt'h v ltv 
ate (4c' it'tetltlV acI(e i l(pc N'c'sc'at'iinc' tiX 

tilIt'llt % i ll CItC 'gl111(5AR it. pe-'Llsi(' 11,1 

t't a ref )'cIt ac IishcI ll cc l.tA''t h g 

Mill A' Ali()IMtJ\' llifI t hetit te's hit' t's 
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Unce (I* (miIf nt iv itis inr'eases [lie flu l1llber N'I 
abnoaermalI speciimens liv (IC. It is k no wnlfI)iiifi 

studies (elCICI ili IISc( (-V ) that virta
mill A-k',fiernic~it ifjn('tiva has a higher dell

I'tcs thianlll tisslit. \Vilerher Alrl iliadI'
(ftliat \itailllit'. A staltuspelpl s c(I idlc'tt to~ 
(Mi tinclii tis is IlotI kiown 1\'IatPrc'scnt. Active 
trcl Iamikiri~tia. .iIl vt'tiill c( Ilit ic'ti\'it is 

Applications 

lit' thi1 J (II lull SttidiC'S cili ~ iljl)I'eS
511)11 c\'VII ll( toI as"'sess vit'liilif.'stllSIS, with
(lit (Ul W\ithl tr'1v.fer fl(i\'t f 'ci )LiiSfIt'(f. (I1n 
gc'ie'l til setiiui \itaiiliti A\c icetltl 11 

hf( \\. i llw t I l~ lw 

S ytfil('~ ) lifa'il( eut o i.uriA cii 

Ait\'a l~ tIoI.'tiWd'i~trt d f ileic\( I'atI~tCf1111 
[loin 8(1~)II IVS1'1Iiti.c ()I'-'eslltai A to2fVh 

ic i\'cy :1( hyI fvl' sc't'titii R s 'tii 'lle
 

()I\taf11 t'lilf ( c 


siii tttlI txefaiii I > 2()' '('il Iii
 

plcii. l ' A :~iil( ranged. 

I-)(( KIti li i ( 15t'i'cs ile ln.II g fashi Ili 
acic stI-c chst'ssc'I il 

(:TI(. I I'tllc'.site f'VIrSil lli~a 'Wilr~t a ti t'n u' 
ro,'i tiue timt tila )'I ll~tahs a ' iit(1I.''C'V 
of'd SCII~IIt'fiic \'ttlC\it AtWiiC tmestAStts ithla 

is. ti'tcf'( t(Las t' u p efie I'ti 

gsst'sti.llCI lllit llliitc lI' litat AIeiec 

pt'a('tiei for' 'Iriiiui tilsessl' iit'nt this aI 

t;VSW't'flin'p'ns1111ix. cn he ttf i tir fLiielV i 
:1tid 1)ItllI tt'(lmigintrvnios 11 trac of sstilel' 

il l) etnandi sd IIIwatng ptilg ()fam 

p ( m (rl'Ir'i'c i 'V l itileti rs , ill I\c'ti, e l%\.((I 

l('('tinii sj)tciiicl.s arid irriceIrrtirig data, 
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Impression Cytology with Transfer
 

Ceci/e Car/ie; Ph.D.
 

QOlvzier A mcde-Ma;wesnt, M.D., Ph.D.
 

urrently recognized field-applicable 

indicators of marginal or deficient vita-
min A status include clinical signs and 
symptoms (xerophthalnia), biochemi-
cal markers (serum retinol concentra-

tions and relative close-response tests), and 
cytological characteristics (conjunctival impres-
sion cytology IGIC]). I-ach of these indicators 
has limitations in feasibility and practicality in 
the field as well as in quantitative and qualita-
tive interpretation. The physiological basis for 
CIC was presented in the preceding section. 
This section presents and evaluates a simplify-
ing modification for preparing cells for cyto-
logical evaluation, 

E'xperiences from tw\vo epidemiological sur-
veys conducted in different rural areas of 
Senegal were used to check the reliability and 
validity of impression cytology with transfer 
(ICT) to standardize the cytological results and 
to promote its use as a mass screening test. 

Procedure 


ICT is a modification in the CIC procedure in 
which the conjunctival epithelial cells are 
transferred from the filter paper to a glass 
slide and then stained directly in one step. 
This is done as follows: a 2.5 x 25-am strip of 
cellulose acetate filter paper (Millipore HAWP 
304) is placed manually, as far as possible, on 
the inferoquadrant of the conjunctiva of the 
eye for several seconds and then carefully 

peeled awvay. The cells collected on the paper 

are immediately transferred from the filter 
paper to a clean glass slide by applying sir
pie finger pressure. A conjunctival imprint is 
taken from each eye. The slide to which the 
two conjunctival imprints are transferred is 
immersed in a bath containing a mixture of 
1:8 (vol/vol) 95% alcolol:staining solution, 
respectively, for a minimum of 15 minutes. 
The stain is composed of one volume of car
bol fuchsin and two volumes of 0.2% Alcian 
blue in 5% acetic acid. (The 1:8 mixture of 
alcohol:staining solution is prepared as 
required and used up to 2 weeks.) The excess 
stain is then rinsed from the slide with a gen
tie stream of running water and the stained 
cells are observed under a light microscope; 
epithelial cells stain pink and goblet cells stain 
blue. In accord with Table 1, samples are clas
sified as normal (N), marginal plus (M+), mar
ginal minus (N-), and deficient (D). 

The reproducibility of the four histological 
interpretations by one reader during two 
observations (n= 1250 slides) under light
microscope was as follows: First reading: D 
(29), NI- (178), M+ (165), and N (878). Second 
reading: D (25), Mi- (209), M+ (170), N (846). 

Advantages
 

ICT is cheap, relatively noninvasive, and easy 
to use Under field conditions by a well-trained 
technician. Minimal equipment is needed, and 

Table 1: Characterization and classification of specimens 

Goblet cells 

Present 

Present 

Absent; mrutin spots present 

Absent 

Epithelial cells Classification 
Numerous, small, in masses Normal (N) 

Numerous, more small than enlargl, and separated Marginal normal (Nl+) 

Enlarged, more separated than small, in masses Marginal deficient (M-) 

Enlarged, separated l)eficient (I)) 
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Table 2: Sensitivity and specificity of ICT for three histological classifications.
 

Classifications Deficient vs. nondeficlent Positive vs. negative Abnormal vs. normal
 

SeYsitiit), (% ± Confidence inte'l) 

With or w ,out ocular infections I1 ± 6 

With cular infections 9 ± ,4 
Without ocular infections 12 ± 5 

.'c'cfI'/i'() ± Colldenc' inten'alc) 

With Or w%,out ocular infections 96 ± 3 
With ocular infections 96 ± 3 
\Vitho)ut o4c lar infections 95 ± 3 

the reagents are readily availalle and inexpen-
siVe in nmst countries. The specimen is 
Stained in one simple step and is stable under 
routine feld conditions until read with light 
micro0scopy. The procedu,re also requires a 
smaller sample size relative ,() clinical indica-
tots and assesses marginal as well ts deficient 
status. When ICT is used in population-Ised 
surveys with other assessment information, it 
provides another criterion for assessing 
whether there is a public health problem. 

Limitations 

In children under 3 years of age, it is some-
times difficult to obtain samples. Patience and 
care in approaching the child and custodian 
are important to minimize this resistance and 
to successfully obtain a specimen. In addition, 
interpretation of"borderline specimens can be 
difficult, and ocular infections, including tra-
chorea, acute malaria, and vernal conjunctivi-
tis, can confound interpretation. 

Application 

o' evaluate the ICT as a feasible, reliable, and 
valid indication of vitamin A deficiency, an 
Cpidemiological survey (n = 1259) and a case-
control study (11= i13) were conducted in 
children from a rural area in Senegal. These 
data were used for establishing the repro-
ducibilitV of ICI classification into normal and 
abnormal (Table 1), to evaluate sensitivity and 
specificity of the procedure ( t = 413), and 
then to propose a histological criterion for 
assessing the public health significance of vita-
mn A deficiency. 

48 ± 9 74 ± 8 

58 ± 6 80 ± 9 
33 ± 7 65 + 13 

70 ± 5 48 + 6 
55 ± 7 33 ± 8 

85 ± 5 62 8 

The kappa statistic, which was used to 
assess the degree of agreement in the reading 
of the histological findings, was determined 
for the three possibilities of classifying ICT 
results. The kappa ± standard error (n = 1259 
slides) for the three classifications was: 0.66 ± 
0.03 for deficient (1)) versus nondeficient 
(M-, M+, and N); 0.86 ± 0.03 for positive 
(1), M-) versus negative (M+, N); and 0.91 _ 
0.02 for abnormal (1), M-, M+) versus normal 
(N). The best kappa statistic data correspond 
to the abnornmal versus normal classification 
(i.e., 0.91). 

Sensitivity and specificity were defined with 
respect to serum retinol levels from the case
control study (n = 413). The mean and the 
standard error for serum retinol were 0.48 + 
0.02 prmol/L. Thirty percent (n = 123) of the 
children were classified as deficient (serum 
retinol level < 0.35 .tlmol/L), 56% (.i = 231) as 
marginal (serum retinol level > 0.35, < 0.70 
prmol/l), and 1,4% (n = 59) as normal (serum 
retinol level > 0.70 limol/L). The sensitivity 
and the specificity calculated in regard to the 
three possible classifications of ICT are given 
in Table 2. 

In Table 2, the sensitivity and specificity of 
ICT with their confidence limit intervals are 
calcuIlated for the three histological classifica
tions and a retinol threshold fixed at 0.35 
grmol/L in 413 preschool Senegalese children 
with (n = 221) or without (l = 192) ocular 
infections. 

On the basis of the kappa statistic' (0.91) 
and the sensitivity (74%) and specificity (48%) 

'1(ohen's Kappa statistic varies from 0.5 (no association) to I 
(complete agreement). 
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values, the abnormal (M+ + M- + I)) versus 
normal (N)classification is proposed as the 
standard for interpretation of specilllns.

Ocular ill['ecioI)ns, icillding rach()lhi, and 
vernal conjunctivitis aV C()nlundling pr)l)-
lems for ICT. They lead to n(derate changes 
in diagnostic values (specificity). The reas(otis 
for the histological nl()dificati( ns illthese 
infections are LInclear. Nonetheless, vitamin A 
therapyI )nVerted , m)1rna1 ' intoIl(.1results 
nOral'l- 01 to ) thle S:111me extUnt in presch)Ol 
Senegalese clhildren su ffr('ing or n it sulfering 
from itnllammatory trachoma (relative risk = 

1.1) (1). 
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PART 5. CLINICAL 

Clinical Signs of Xerophthalmia
 
i//red Som olc: 11.D.
 

crphthalnia ( "dry eye") is the most 
readily rec )gnized clinical manifesta-
lion () vitamin A deficiency and has 
hccn tile l)St widely emiployed, 

,definitive criteri( n rassessing 

whether vilamin A p()sus a significant public 
1icaItI io blcin ( I). cr lhthalmia include.Cs all 
(cWlHar nmanifCslati 0s ()Ivitamin A deficiency, 
ftr ll lfi
niglilt ndness tihough ( )Crne.al lcera-
tion. scarring, and rCsultant Iblindness. 

The clinical characteristic's ( )f xerophthalmia 
livc Ihcen classified (Table I ). A detailed 
dc-scriptio>n (Adiiign stic techniques suitable 
1'r field use. including criteria and interpreta-
tion, is available (2). 
The mildest sign Or symptom is night blind-

ness (XN).A simplified screening techniclue, 
utilizing the history provided by the parent or 
guardkn. as well as other metholds of cletec-
tion, are described elsewhere in this manual. 

Procedure 

Keratinization of the surface of the conjunctiva 
(XIA) results in a dry, "unwettable" surface. 
Readily rcc )gnizalelC plaques first form adja-
CetC to the temporal limbus and are common-
ly cverecd with a fk amy or cheeselike materi-
al. This easily recognized lesion is known as a 
Bitot's spol (XIB). The cheesy or foamy mate-

rial is easily wiped off but will reaccumulate 
rapidly. With more severe deficiency, the nasal 
region and ultimately all of the conjunctiva 
can I)ecome involved. Caution: XIA is readily)ov'erdiagnosed.Only the presence of the 

foamy or cheesy material (XIB)is sufficiently 
specific for assessmCnt purl)ose,:, and only 
when present in children under 6 years of 
age. lemporal Bitot's spots among older chil
drcen may represent the remains of prior defi
ciency and may not respond to vitamin A. 
Signs among older children are therefore less 
useful for Population assessment. 

Keratinization of the cornea causes it to lose 
its normally glistening appearance. Such 
corneal xerosis (X2) is almost always accom
panied by X113. 

Corneal ulceration (X3) represents loss of 
corneal stroma. If treated immediately, smaller 
lesions will heal with loca!ized scars (XS). 
Larger lesions may involve most or all of the 
cornea (keratomnalacia) and almost always 
result in large scars, distorted, protruding 
globes (staphylomata), or small, shrunken, 
sightless (phthisical) eyeballs. All represent 
healed, end-stage disease and are collectively 
classified as XS. Since other conditions like 
bacterial infections or physical trauma can also 
result in corneal ulceration and subsequent 
scarring, the diagnosis of XS (e.g., vitamin A 

Table 1: Clinical criteria for assessing the public health significance of xerophthalmia (ref. 1) 

Criterion 

Night blindness (XN) 


Ilitot's spot (XIIB) 


Crn,al xcr,,:sis and/",r ulceration (X2, X3A, X3B) 


Xerophthalhnia-rellited corneal scars (XS) 


Minimum prevalence 

> 1.0%
 

> 0.5%
 

> 0.01%
 

> 0.05%
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deficiency-related) depends on the clinical 
appearance and the historica! setting (the exis-
tence or histojy of general protein-energy mal-
nutrition, chronic diarrhea, meas'les, trauma, 
etc., at the time of the original ocular disease). 
Because of the high mortality associated with 
vitamin A deficiency, associated illnesses, and 
blindness, X3 and XS are rarely encountered 
in population-based surveys. 

Interpretation 


Prevalence criteria for each clinical manifesta, 
tion of xerophthalmia have been established 
that are expected to reflect a level of vitamin 
A deficiency that represents a significant pub
lic health problem (Table 1). Note: Thlese cri-
teria are the consensus of expert grnups; a 
government might well wish to select less, or 
indeed more, stringent criten.i. The listed 
prevalence values are applicible oknly to a 
representative survey (of the population of 

of children 0-
interest) o-5 yeas of age. 

Advantages
 

Although a simple examination can be quickly 
conducted, the examiner must be well trained 

and his or her diagnostic skills must be stan
d.rdized and reproducible. Interpretation of 
corneal scarring (XS) almost always requires a 
well-trained ophthalmologist. 

Limitations 

Although xerophthalmia surveys have been 
considered ti.k primary reference standard for 
the assessment and determination of a public 
health problem, lhe relatively low prevalence 
rates of clinical disease and the clustering of 
cases (3) require large sample sizes. 
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PART 6. PROMISING DEVELOPMENTS 

Vision Restoration Time
 
I:moli U wmlkesm/Le', Ph1.D. 

lie role ot vitamin A in vision is well 
e'stahlisired (I). In the r'tina, t\\( pho-
t seilsitive p)igmints, rh((l)psil (f the 

d elClls anld i)(1( i.psin i the' cone 
CCISlL'-, r 11C inding oft VithVrnuihu 

amin -\Aildchvcle (retinal) I( ic protein opsin. 
Rlh iIpsill is prariyIC'vrsp isil le' 1ir the 
Lliiitv to sCe in (ll] light. In IeL carly phase 

(I thc dark ada plaI i i n css, lii wever, 
lio)l()psin is isM) nCCtiCd. i() lightre 1xl),)scirC, 
C,alsCs the ciclaL ()I'tihe phi)t1l I)igrflrIts int() 

)psin pilns reinli, I pr)ceCss callCd leac'h-
hng." In thc dark-adaptled Cv, rhid( psin is 
rcsvnthc sizcd. The earliest sign ( if vitamin A 
CdlficiencV is a (Ilecrease in dark adapt athin 
abili ty e I dccli neecatusc (I in rh idi psin coi-
cenlraliinr. (] lSSit dark adaptatio in testing lby 
tihe (hldniann-\Veckers adapt( nIcr is lediots 
and tillIC-coinsuinliing. )re, tuherri(the instrl-
[it itself is expCnsie\C and cumbe1I)C'rsolme, ren-
dCnrig it cun.suiitlbIC r field c nditi( i.- (2). In 
the paIst se'veral yrs, attitIs to e2vail.tte2 
dark adaptation ability in Ihe field have been 
ImICC lil( Iugli deve lpnlllt ()il rapid dark 
aa iptatiohm test (3), the use (WI11e FriCdmiann 
V'isumalI Field Analvzcr (-I), and n'IasuiremntCInl I' 
the tine reccired to identify, I Specific ohiect 
in aldark [ioi (,). These tests, however, h:ive 
n(it pr0ivCn to I e relnial ldc er all conditions, 

deveItl. A lirable ltark aclaptoIlelcr was 
devopedh at lhe InstiltLIC ()I Nutrition. 
.\lahidl tniversitv, lhailand (INM I'). After 
the CvC has been bleachcd with bright light to 
clisso ciatet lhe rh clIpsin Al io I )1(1 isini C(0i 
plxcs, the tlime it takes IOir the child 1I0 idCleniti-
fN letters illt un[intic, b!\' a fixCd dim ligllt is 
iCasurCd. This t ilme is tCrmec'd "visio ircstl ra-

ti(in time" r VRT. The rate Iot rhihdpsin and 
iclodopsin regeneratio n slloLlld dCpCnd in the 
amio iunt (\' vitamin A stored in tihe retiina, at 
lCast up to a1cUtain sat urati(in level. TIhus, as 
vitamin A st(ires of' a1child ire depleted, thre 
rate of rhodopsin synhe'sis shl uld dTcre'ase 

and dark adaptation measured as VRT should 
increase. 

Procedure 

The instrllenlt de'Veloped at the INMU con
sists primarily of i bright light (10,000 can
delan->), a dim light (0.15 candela/n 2 ), a 
screen, and a comtrlr switc'ho ard, which lod
lates the Cluration of bright light and the 

intensity oI hoth bright and dim light. (The 
candela is a si]C f the 1,]ll1ilL uS intensity 
of light.) The entire apparatus is enclosed in a 
rectanguhlr melA box I prevent entry of ex
ternal light. As a result oIf testing in healthy 
children, the intensity of dim light has been 
fixed a a1ceitai illumination. A child sits in 
front of the adaptometer and uses the left eye 
to look through the eyepiece at a screen inside 
tile instrumllClt. A mlC, 5luIstppoit is used to 
securely lock the chin and fice of the child 
onto the eyepiece. A black cloth is draped 
over the face to prevent the entry of any out
side light. The eye is first bleached with bright 
light for 2 inllutCs. The bright light is then re
placed by the din light, and immediately there
after a single letter is projected onto the screen. 
The elapsed timC bCtwCen turning on the dim 
light and the verbal identification of the letter is 
recorded Is VRT (nmeaSciCd in seconds). The 
test can he completed in -i-8 minutes. 

Interpretation 

The 1989 model of the portable dark adap
totneter was tested in 973 healthy Urban Thai 
schoolchildren ()I both sexes who were 6-12 
years ofiage. The average VRT was 122 ± -i6 
seconds (man _±SI)). By cUsing approximaly 
t\vo standalrd deViatioMs tIocalculaitC the Cutoff 
time ft ir vitamin A-sufficient children, a VRT 
< 180 seconds is cinsidered norlmal and a 
VRT > 180 seconds is considered abnornal. 
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Advantages 

VRT is useful for the detection of subclinical 
vitamin A deficiency in the community as well 
as for the evaluation of vitamin A intervention 
programs. Measurement of VRT is noninva-
sive, relatively simple, rapid, inexpensive, 
practical, and applicable for different field 
conditions. 

Limitations 

Physiologically, VRT seems to be related to 
the early phase of dark adaptation, in which 
cone cells play an important role. Because rod 
cells are more dependent on vitamin Astatus,
modifications are currently being made to the 
instrument to measure the rods' function. 
Owing to the nature of the test, which 
requires a certain level of comprehension and 
a verbal response, measurement of VRT is lim-
ited to school-age children or adults. Attemptstre Currently being de to adapt te test to

currentlynbeingJmadento adapt the.test6to younger children, who are more vulnerable to 
vitamin Adeficiency. In addition, because of 
the large standard deviation associated with 
VRT, the test requires a large number of sub-
jects for meaningful results. Moreover, the zinc 
status of the studied population should also 
be considered, because inadecluate zinc nutri-
ture also results in impaired dark adaptation 
ability or delayed VRT (6,7). Currently the 
instrument is available only from INMU in 
Thailand. 

Application 

During 1988 and tc9, VRT was employed as 
one of the indicators of vitamin A status in a 
project that promoted consumption of vitamin 
A-rich food in a school lunch program in 
Nongkhai province in Northeast Thailand (8).
The strategies included enhanced motivation, 
improved commnication, and an integrated 

farming system. VRT measurement seemed to 
identify the same population of schoolchildren
with marginal vitamin A status as that deter
mined by serum retinol concentrations or con
junctival impression cytology. When only VRT 
was used to monitor the effectiveness of vita
min A intervention in the form of a school 
lunch program for 1 year (1988-1989), signifi
cant improvement to normal values was 
observed, especially in children whose base
line serum levels were initially classified as 
low (0.35-0.70 jimol/L) or deficient (< 0.35 
Pmol/L). 
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Rapid Dark Adaptation Thne
 
/it'SAI,'1O.lsol, . Ph/.1). 

he process of dark adaptation, in
which thle rhodopsin in the rod cells of 

the eye is fully regenerated after the 
eyes are "bleached" by exposure to 
strong white light, takes approximately 

30-35 minutes. The light perception threshold, 
mIeasured in candela/m-, progressively 
decreases in the dark to reach a pl'tteau of 
approximately 10' in a vitamin A-sufficient 
person. The candela is a measure of the lumi-
nous intensity of light, which is related to the 
total visible light energy emitted from a source 
per unit time. Because the retina responds as 
a photosensitive surface, the intensity is 
expressed per unit of area (in 2 ). Luminance 
(candela/n') is measured by the electronic 
response of a photosensitive chemical surface, 
as in a photographic light meter. The thresh-
old may be 10-fold higher (or more) in a vita-
min A-deficient person. When made with a 
Goldmann-Weekers adaptometer, however, 
this measurement has not proven useful in 
surveys of vitamin A status in developing 
countries, primarily because the major target 
groups are preschool children, who are fearful 
of the dark, intolerant of the constraints requi-
site for such a test, and unaccustomed or 
unable to provide a valid subjective response 
to objects seen in very dim light. 

During the early phase of dark adaptation, a 
transient plateau is reached at 1-5 minutes in 
vitamin A-sufficient subjects at a luminance of 
appoximately 102 to 10- candela/m', and 
thereafter the threshold rapidly decreases. The 
point at which the threshold again starts to 
decrease is called the "rod-cone break point," 
i.e., wvhen the full dark adaptation of the 
cones is followed by the adaptation of the 
rods. At the rod-cone break point, the sensitiv-
ity of the retina shifts toward blue, causing 
blue to appear brighter than red. In vitamin A-
deficient subjects, the rod-cone break point is 
significantly delayed. A practical, simple 
method of assessing ihe rod-cone break point, 

which involves the sorting of disks of different
colors uinder dim light, was devised by 

Thornton ( 1 ). This procedure was first tested 
in control and vitamin A-depleted adult sub
jects by Vinton and Russell (2). 

Procedure 

Subjects are light-adapted, i.e., their retinas are 
bleached by having them fix their eyes on an 
illuminated x-ray view box for 1 minute, 
immediately after which the lighting is 
reduced to 0.0068 candela/in" and a stop
watch is started. Subjects then sort a randomly 
mixed pile of five white disks, six blue disks 
(wavelength maximum of 475 nm), and seven 
red disks (wavelength maximum of 605 nm) 
into three appropriate piles. Any incorrectly 
sorted disks are returned to the initial pile by 
the monitoring person and then are resorted 
by the subject until all have been correctly 
identified. The time required to sort all the 
colored disks properly in controlled dim light 
from the time of bleaching is measured in min
utes (or seconds). The mean and standard devi
ation (or standard error) is then calculated. 

Because under these lighting conditions col
ors cannot be distinguished, the different col
ored disks are perceived by the subject only 
as being of different brightness, a process of 
discrimination that is rod-dependent. 

Interpretation 

If the mean rapid dark adaptation time 
(RDAT) of an experimental group differs sig
nificantly from a vitamin A-sufficient control or 
treated group, a problem of vitamin A status 
may well exist. Specific cutoff points for 
abnormal responses in children have not been 
set, although a statistical cutoff point based on 
control values has worked well in adults (2). 
The sensitivity and specificity of the procedure 
were 95% and 91%, respectively, when the cut
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Off vallue' \\Is Set is the meaCn11 RI)AT i(t)tontr)l 
sult'CLs f tle sAIc ;te,at plu)is I.S standard clvi-
ati()irs. (:riteria for I prClel (it pulblic heaith 
c trn hae\ l(i)t as yet heel suggested. 

Advantages 

The RID)AT is nAndinvaie and rapid. requires 
little insltrlimenaition, is dir'tlv re'la ted to i: 
spci tic vit ruiiin A-Clp lnt l)hvskmitigicalpll 

.) id,_,,,iie-i Iti ....n(lit !i r 
eaich sIblt. a m-arLrie) rei tl er soolr 
after 1IhC initial It',t. Tlh ,'Cnsiti\il\ Aind speci-

riitv ilAlue1lsiA lt' ,gm)cI. ill] tlatlinctll (I, vital-
1l111 ..- Llccl)ltIsd \\ilh vitaiin A 
rStt( ir', Il)AT t illDii l]...\ i cal lv trainedticlA 

individuil is ru'(ilirlel I) cmIrunlict the test, hul 
ll( i ar iph]liallint ml~tigst. 

Limitations 

Reliability () IRI)AT in children is highly 

dlepCIlentIl (in the Itesters 11bilitX' tinl ll(ivlte 

aint)I liStatill tivAtinl, htin ught ite test. A
iluu 1i 

c mtirlledIlil tienvirn iiret is requaired, 

whicli gllighcilher hc- ifficuilt t()pr iicle in 

rtrl dlt' linp cmtitrv \illa es (ir neC(e'Cssi
tlC stuli's at iight. All Ih ltlhc'I Liucted in 

childrehn as i i.i.), RI)AT isJS rlll is -I vears 
nlI tiusaletIlr ve'rv yinVung children, Who usili-
allv artI ise, 1 1tr'lt'S risk f vitamlin A dcefi-
cieiICv. 'Te pi)incedltirt li a subjec-re1S(I reC s 
i\ s(inuiirgin f di.ks thait night be affected by 

iitlltIcr 1tIn nutritinmai licinis. It Irias bee1n used 
succCsstillv With childrer n in ie slCrv (3) 
I tit Ill)I ill 111(4I1CY (A I. BCC;ISC the variince is 

f1iairlv large, it I ii nst a ppr ipriatc tin)i c(impar-

ing, rt',sinil]m~lv~arge rnilI)S. ()f Other nulri-

eis. zinc deCf i'i'lltv ails( in hices night blind-
ness. ( lnira I nighl Iblindness, aIt h ugh rel
ativ.lv rare., elsoxists. 

Application 

In vitaini :\-stficitil adullt sibj(c'ts. the 
mea12.1n RI)AT with valiS iltgll roips w;Is i-5 
IllintLCs, Wili a c(iifficientit variation (of20-
0? (2 ). '1"imlng'r adlths (20-_.39) yearls ) sttt 

the disks faster (3 mintiles) tha i did incler (-t-
60 years) alUiltS (t.t- lliin.Utes) (2). The mean 
RI)AT in vitainii A-dCplCltd pattimitns, who 
were suftftering primiia irlv frtilyflr mlc utholi(" livxer 
cirrlhr sis, pancreatic insuficincv. r simall-

30 

bowel resecti()ln, wAs -'.) minutes, with A coc12
ficient (A"variatio ()t 23'% (2). The RI)AT cor
related well with the nwan rid-cte break 
time aitnd the fir:l dark ada ptati(fl threshold,
Is melasLu (2 hr (;b m rliann-Weekers adap
tometer. After vitaminr A-deplcted subjects 
were treatel with repeated clscs (ofvitainin A,
the RI)AT as well i,, (ither relitCd 1nC'su re
mCnts fell in the nimil range (2).

The RI)AT pr(,iclirC as been Lused is In 
it Atll eric l ('. ), ( tl a i lllnll 

(3), a1nd Br;ziliin clildrent (At). In GatellZmalai, 
the RIl)AT was no rmalI in all children with 
plisil retinll 'aluCs > 20.9 t.t/4 l. and was 
inversely related tio vitamini A inltake ( ). In
 
Braziliai presclo()l children, however, the
 
RI)A' was lint related to estimated vitamin A 
intake (< 3() vs. > 30)) pg retinol equi;lvalents), 
to plasnia retino l ci- ilceltrations (correlatioi 
cilfficient (of zer()), o)r toni positive response 

in serui retiin levels after the administration
 
)lf a 200,000-11 )ral close of vitatin A (). In
 

the latter study, the nlea. RI)AS's were 2.7-3.3
 
minttcs, with co efficients of variation between 
16% ,and -10%; individuail vatlles ranged from 
1.5 to i.7 minLutes (). 

Conclusions 

Although RDlAT is a noninvasive, rapid, readi!y
 
repeatablie nethod that is directly related to a
 
primary physiological function of vitanin A,
 
sIccessful ulSC in children is directly related to
 
the tester's ability to motivate and sustain their
 
interest. The test is likely to be most useful on
 
I popultionl basis as an objective means of
 

evaluliting dark-adiptation. However, the pro
cedure rec(luires further attention and reliability
 
testing.
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Isotope Dilution Analysis
 
tI(w)lI(/ C. lun; Ph.D. 

ewly absorbed vitamin A, labeled with
either radioactive or stable-isotope 

tracer, will mix with body pools of vit-
amin A (1). If there is no subsequent 
diluti()n )of tracer by dietary unlabeled 

vitamin A, after a period for equilibration the 
t()tal hody vitamin A pool can be calculated 
hy a1simple dilution equation: 
St)res = [ose X Specific activity of dose 

Specific activity of plasma retinol 

Procedure 

A known dose of labeled rctinyl acetate of 
kno)wn isotopic content (expressed as specific 
activity for radioactive tracer, or as isotope
ratio for nonradioactive tracer) is administered 
orally t( the subject. For stable-isotope studies 
in humans, a dose of 1pmol 2H,-retinyl 
acetate/kg body weight (in corn oil solutioi,) 
is adequate. After a period for equilibration, 
preferably 3-7 days, a blood sample is taken;
plasma retinol is extracted and is purified by 
high-perf(ormance licluid chromatography 
(I IPI.C) and the a1mount of label (specific 
activity, or isotope ratio) in plasma retinol is 
determined, 

For radioactive tracer, the aiiiount of label is 
determined by an appropriate counting tech-
ni(Jue (usually liquid scintillation counting for 
'II- or ''C-labeled vitamin A) and the specific 
activity is calculated radioactivity per mass, 
where radioactivity typically isexpressed as 
disintegrations per minute). For stable-isotope 
tracers (211 or "C), mass spectrometry is 
required to determine isotope ratios (2). 

Calculation Of total body stores of vitamin A 
is made according to the above eqluation. In 
practice, a correction (usually taken as 50%) is 
made for absorption inefficiency and for 
catabolism of tracer before it mixes with body 
stores: 

Stores= Dose XCorrection XSpecific activity of dose
factor Specific activity of 

plasma retinol 

Advantages 

In this met'iod's simplest application, where 
the subject ingests no unlabeled vitamin A 
after administration of tracer dose until the 
blood sample is taken, isotope dilution analy
sis isconceptually simple and offers an unam
biguous estimate of total body vitamin A 
stores. 

Limitations 

This approach currently has technical and the
oretical limitations. Technically, the appropri
ate labeled (radioactive or stable isotope) vita
min A must be available or readily synthe
sized. The label must be in a metabolically 
inert position; 2- or 31-1 labeling on the C1 
position is not appropriate because hydrogens 
are readily removed and replaced in the body. 
For stable-isotope labeling, the tracer should 
have mass at least 3 anu (atomic mass units) 
higher than that of unlabeled retinol to avoid 
complications owing to naturally occurring 13C 
in vitamin A (natural-abundance 13Cand 21-1 
contribute 0.22% to the "m + 3" peak of 
retinol and thus limit the lower limit of detec
tion of tracer). The labeled vitamin A dose 
must of course be of high purity. HPLC must 
be available for purification of the dose, if 
necessary, and for plasma retinol quantitation 
and purification for analysis of label. For 
analysis of radioactive vitamin A (close and 
plasma retinoi), appropriate counting equip
ment (typically a liquid scintillation counter) 
and appropriate laboratory facilities must be 
available. The use of stable-isotope vitamin A 
for human studies requires access to a suitable 
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mass spectronleter: a basic (luadrul)Ole gas 
chromatograph-nass spectrometer is suffi-
cient. The isotope-ratio response of the mass 
spectrometer 1mest be calibrated I)X' use 01f 
appropriate mixtures of lalheled and unlabeled 
standard retinol (2). 
The other restriction on the us. of isotope 

dilution analysis results From our limited 
knowledge of vitamin A metab olism. When a 
subject continues toc(insuLme1 unlabeled vita-
min A after a dose of' labeled vitamin A tracer, 
dilution and loss of tracer tocata b lism will 
occur. This loss of tracer, if n(ot appreciatted.
will be interpreted as dilution Itlabel and will 
lead to) overestima tion oflv idy vitamin A 
pools. The extent ifIcatitb()lisin (tfraction It 
dose lost) depends (Om the vitamin A status ift 
the subject: in tie rat, a ',reater firact i() ()*the 

labeled d(se is oist as vitamin A status deterioi-
rates (3). Recentl, the relltionship I etween 
the traction oit seot lost pe-r day and the liver 
vitamin A st(ires wa.s used in a rat st rdv to 
correct the isotope dilution e(uation f'or loss 
of lab)el (i). Tihelnatture ()Ithis relationship 
between fractin olf (loise lIst per dtay and 
liver vitamin A status is noiw knoiwn tfir tile rat 
but is not yet known fir the hunian, thus 
complicating applicati n of isotoipe dilution to 
the assessmen t of' unian vitamin A StatUS. The 
pr(iblem does, however, cointain the seeds of 
its (iI (olution: application Oi stable-isotope 
techno(ilogv to i study vitamin A nietab( lisrtu in 
humans should allowv estinatioi (if 
vitamin A dispoisal rates as atfunction of vita-
min A stattus, using the kinetics approach oif 
Green et all. (3). 

Although atperioid ol time is required for 
mixing the tracer close o vituniin A with body 
pools befoire sampling for isotope dilution 
determination, consideration of the rate of 
catabolism of vitamin A (loss of tracer) sug-
gests that sa nupling sho>uld not be delayed too 
long: our calculati(ins suggest that 3-5 days 
after dosing is the m(st appropriate time for 
sampling for isotope dilution for the rat and 
that beyond 7 (lays is too long. At iongei e(lui
libration times, the low amount of' remaining 
tracer owing t(i theiu re rapid loss of tracer 
labe! in animals with poor vitamin A ,StatuS 
carnot be distinguished f'roll dilution 0l tracer 
label in animals with large vitamin A stores. 

Farly isotope dilution studies found that the 
fraction of' tracer dose recovered in the liver 

wvas lower in animals with poorer vitamin A 
status. It has been suggested that this reflects aI 
decrease in al sorpti(n effilciency or in liver
 
storage efficiency vith decreasing vitamin A
 
status. Consideration ()t' vitamin A disposal
 
rates, however, explains this phenomenon:
 
animals with poo rer vitamin A status lose ,i 
greaterfi'actioi of their total vitamin A per 
day (albeit :asmaller albsoilute ain)L0unt ) than do 
well-n u10fiSed anilals. 

Application 

'Il-libeled vitamin A has been used toir iso
tope dilutioin analysis Of' vitamin A StatUS ill 
rats (1IJ-7), in sI eep, and in a1human subjett 
(6). StalI1e-is itop(e-laleled vitamin A has been 
used in studies in rats (6,8), sheep and cattle 
(6), and llu mans (6,9). In ()Ile humn study, 
the pro)l~lei1(if1 ltioin f tracer label due to 
caltabh(lisl and ingestiin ()Iunlablled vitamnin 
A was appr aclied by using an estiIate of vit
arnin A lIalf'-life (9). Studies that did not allow 
inigesti()l i1'unlab)eled vitamin A between dos
ing with tracer and bhood sampling (1,6) or 
that corrected ftor dilution (itf label by catabo
liismi and by ingestion Oif unlabeled vitamin A 
(',9) gave estimates of' vitamin A status that 
correlate well with direct analysis of liver vita
nin A. 

Conclusions 

Isoitope dilution analysis has not yet lived up 
to its promise as a minimally invasive, accu
rate method fo r determining vitamin A status. 
I lowever, correction for dilution of tra(er label 
by dietary unlabeled vitaniin A and for the 
loss of tracer label by cata olisn can provide
accurate estimation of' vitaimin A status. 
Estimation of' the rate (if vitamin A catabolism 
Isa ftunction of vitamin A status in hum1ans is 
an important next step for isotope dilution 
analysis as well as for our general understand
ing of human vitamin A requirements. 
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Tear Fluid Retinol Analysis
 
lEric,. van Agmaal, Ph.D.
 

ear fluid, which covers the corneal and 
conjunctival epithelia, serves to protect 
the eye from exogenous antigenic suIb-
stances and to maintain the structural 
integrity of the corneoconjunctival 

nmcosa. In tear fluid a variety of proteins, 
enzymes, lipids, vitamins, and electrolytes, 
which are mainly secreted by lacrimal glands, 
can be measured (1). Because tear fluid is also 
the exclusive transport medium for metabo-
lites to the corneal epithelium, analysis of the 
fluid may provide information about the 
(patho)physiological condition of the mucosal 
surface of the eye. Retinol was initially found 
to he present in human tear fluid by Ubels 
and McRae (2). As part of , vitamin A trial on 
preschool children in northeastern Thailand 
(3), tear fluid was collected and analyzed for 
retinol (-I). 

Procedure 

For tear fluid collection in field surveys, a sim-
pie technique using cellulose sponges pro-
vides sufficient quantities after rapid tear stim-
ulation. Current collection techniques using 
glass capillary or Schirmer strip are not suit-
able under field survey conditions. Cellulose 
sponges were found to provide sufficient vol-
umes of tear fluid (range 50-400 pIl) within a 
period of minutes, to be easy to handle, to 
have a low risk for eye damage, to be covered 
entirely by the lower eyelid (thereby minimiz-
ing evaporation), and to provide undiluted 
tear fluid after centrifugation (0-6). 

Materials and equipment needed to obtain 
tear fluid specimens are: 

" sterile cellulose sponges (Sugi 
[Kennenlach, Germany]), 5 X5 x 1.5 mm 

* -i00-pl polyethylene tubes and storage 
box 

" forceps 
• Petri dish 

* scissors 

• table-top clinical centrifuge
 
9 cool box (in the field)
 
* freezer (in the laboratory) 
Collection of tear fluid requires the coopera

tion of three persons (4). Two persons sit 
knee to knee, facing each other. The child is 
placed flat on its back on the two laps, while 
its head is fix, (i by the hands of (preferably) a 
physician, who controls the child's eyelids
with the thumlbs. The child can freely move its 
legs, but its hands are fixed by the other sit
ting person, usually the mother of the child. 
As one of the lower eyelids is pulled down
ward, a third person, using forceps, places a 
cellulose sponge into the lower conjunctival 
sac at the nasal side. During collection, the 
sponge is entirely covered by the lower eyelid 
to minimize evaporation. After reflex stimula
tion of the tear fluid, the filled sponge (con
taining about 50 JIL tear fluid) is taken out,
temporarily kept in a Petri dish, and replaced
by a new one; three or four sponges are filled 
for each eye. Immediately after the collection 
period, all of the filled sponges for each indi
vidual are transferred into a single 400-1pL 
polyethylene tube, which is then sealed and 
stored at 4°C (cool box). 

Undiluted tear fluid is recovered from the 
sponges by centrifugation (Figure 1). After 1 
day of storage of the filled sponges at 4°C in a 
sealed tube, the recovery of retinol was 98% 
(5), whereas thte recovery of protein was at 
least 92% (6). The recovery of total protein, 
amylase, and immunoglobulin A progressively 
decreased during storage for up to 7 days. 
Therefore, wet sponges containing tear fluid 
should be stored at most for 1 day at 4°C, fol
lowed by centrifugation and subsequent stor
age of the tear fluid at -20'C. Retinol and pro
tein concentrations were not changed during 
storage at -20'C for at least 7 days. 

Retinol in tear fluid is quantified by a fast 
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and sensitive high-performance liquid chro-
matography (HPLC) technique (7) that is a 
modification of one used for microdetermina-
tion of retinol in plasna (8). After depro-
teinization of a 50-1L ali(luot of undiluted tear 
fluid with ethanol and extraction with n-hex-
atne, retinol is separated from the extract on a 
straight-phase I-IPLC column and detected 
fluorometrically (excitation/emission wave-
length pair: 333/-170 nm). The I IPLC run takes 
*i minutes per sample, with a detection limit of 
(.-1i
ngmL. The within-assay and between-

assay coefficients of variation were 3.1% and 

+ 2 , respectively. The between-assay analyti
cal recovery3 of retinol added to tear fluid was 
97., + 6% (mean ± SIl)). 

Interpretation 

tTntil now. tear tluid retinol analysis (TRA) 
was used in only one vitamin A intervention 
study (5). Therefore, follow-up studies with 
larger sample sizes are needed to investigate 
its reliability as a new vitamin A assessment 
method. TRA currently can be used only as a 
direct indicator of"vitamin A levels at the str-
face of tle eye. Further studies are needed to 
elucidate a possible relationship between tear 
fluid retinol level and other indicators, such as 
clinical signs oft xerophthalnia, serum retinol, 
serum retinol-binding protein (RBP), and con-
junctival goblet cell density. Furthermore, the 
effects of variotIs storage conditions on tear 
fluid retinol need to be investigated. 

Advantages 


TRA is minimally invasive and does not re-
cluire blood. It provides a direct measurement 
of vitamin A levels at the corneoconjunctival 
surface of the eye. The procedure is useful 
for field surveys because it requires minimal 
e(luipment and supplies to collect tear fluid. 
TRA can be applied by any laboratory 
with t-PLC facilities for serum vitarin A 
determintion. 

Limitations 

Storage, handling, and analysis can be prob
lematic and expensive. Collection of tear fluid 
can be stressful for the donor, and sudden 
movements of the head may happen at any 

moment during collection, especially with 
young children. Therefore, it is essential to 
inform the child and mother beforehand about 
the procedure and to work with them strictly 
on a voluntary basis. )uring our study (5), 
cellulose sponges caused no clinically 
detectable eye damage. Our procedure for 
tear fluid collection, it should be stressed, was 
well accepted by parents and members of the 
community. Correlation with other parameters 
for vitamin A status is as yet unknown, and its 
usefulness for individual and community vita
rin A assessment is therefore uncertain. 

Application 

The lacrimal gland is the major source of 
retinol at the surface of the eye (9). Routine 
collection of tear fluid from adults and from 
preschool and school children can be per
formed in hospitals and under field survey cir
curstances by well-trained personnel. All 
donors should be selected only after clinical 
eye examination to exclude subjects with seri
oLIs corneoconjunctival pathology. 

The median retinol concentralion in the tear 
fluid of a group of control rural Thai children 
(5) was 0.7 ng/mL (range 0-2.7 ng/mL) at the 
beginning of a study and was 0.4 ng/mL 
(range 0-3.3 ng/mL) two months later. In con
trast, the median retinol concentration in the 
tear fluid of a similar group of rural Thai chil
dren was 0.5 ng/mL (range 0-1.3 ng/mL) ini
tially but increased to 1.7 ng/mL (range 0-8.7 
ng/mL) two months after supplementation 
with 200,000 IU of retinyl palmitate. Thus, 
stupplementation with vitamin A increased tear 
fluid retinol concentrations in these children 
by two to threefold. For comparison, tear fluid 
retinol concentrations in well-nourished Dutch 
children and adults were 1.8 ng/mL (range 
1.4-2.7 ng/ml) and 4.3 ng/mL (range 0.4-10.6 
ng/mL), respectively (7). Median tear fluid 
retinol values in supplemented Thai children 
and in well-nourished Dutch children were 
similar, although the ranges of values in both 
cases were very broad. 
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Figure 1. Schematic representation of tear fluid sample treatment after collection. The bottom of the closed polyethylene tube,
containing the filled sponge (A), is cut off (B). The tube is placed on another, identical tube (C)and centrifuged. Undiluted tear
fluid moves to the lower tube while the sponges remain in the upper tube (0). The lower tube is closed and stored at -200 Cfor 
further analysis. 
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