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Vitamin A deficiency (VAD} is the single most important
cause of childhood blindness in developing countries,

it also contributes signiﬁcantly?even at subclinical levels,
to morbidity and mortality from common childhood infec-
tions. VAD is the result of two primary factors: '
persistent inadequate intake of vitamin A that is
frequently exacerbated by other dietary circumstances,
and a high frequency of infections, An estimated

2.8 million preschool-age children are at risk of blindness
from VAD, and the health and survival of 251 million
others are seriously compromised.

Heightened awareness of the role of vitamin A in human
health has led to an international effort to eliminate
vitamin A deficiency and its consequences as a public
health problem by the year 2000. This is among the
important end-of-decade micronutrient goals endorsed by
the World Summit for Childrers (1990), the International
Conference on Nuirition (1992}, and the World Health
Assembly (1993).

This document is intended primarily for managers of natio-
nal programmes for the prevention and control of
micronutrient malnutrition, particularly vitamin A
deficiency. It provides prineiplos governing the use of
biological indicators for vitamin A deficiency (VAD)
surveillance, provides the rationale behind each indicator
and its imitations and cutoff points for interpretation in
terms of public health significance. For the first time,

a series of non-biological indicators useful to identify high
risk areas are provided and cutoff points for their
interpretation suggested, Also included are indicators for
monitoring progress toward achieving the goal of
elimination of VAD as a significant public health problem
by the year 2000.




Indicators for assessing
Vitamin A Deficiency

and their application in
monitoring and evaluating
intervention programmes

World Health
Qrganizaticn

AR

Distri.: Genera }




ACKNOWLEDGMENTS

WO wishes to thank the Task Force "Sight and Life" for the support that mace the production of
this docurment possible.

iy addition, we thank UNICEF for financial contributions towards convening the Consultation and to
the many who took time to read and offer their expertise on the earier review version of this
docurnent.  Their helpfl suggestions for improvernents are reflected in this revision. Grateful
acknowledgment is also due to Eileen Brown for her tireless efforts in madifying and revising the
rranuscript, and to Jirm Akeé for editorial assistance; both are from the Nutrition unit, WHO, Geneva,







v i e T o i

w

TABLE OF CONTENTS

“

ACKNOWIEAZIMENIS L . L oot i
it @ TEDIES . o vt et et e e et Vil
List OF ANDIEXES « o v v v e e et e e e vill
ADBFEVIZHONE + & v v v e et e e e et e vili
INTRODUCTION L ottt e e e e I
BACKEIOUNG  « + v v ot ee e et e e e e 1
PART I, SUMMARY OF INDICATORS FORVAD SURVEILLANCE oo 5
[ Assessing VAD DFEVAIBNCE ...« v v v et 5

1.2 ldentifying high-risk areas/populations for interventions . ... v vveee e 8

1.3 Measuring progress towards fong-term micronutrient goals ... ... 12

(.4 Monitoring and evaluating VAD ONtrol programmes «..we v veee e |4
PART It USING INDICATORS FORVAD SURVEILLANCE . ..o |4
2.1 Purposes of VAD surveillance ..o |6
22 Factors in selecting groups IO MEASUNE .o« v v vvw v v {6
23 Appropriate groups O MEASUME L ..o v vt |7
2.4 Selecting IndiCAtOrs . 19
7.5 Avaiiability and interpretation of reference data ... 20
2.6 Presentation and interpretation of survey results ..o 20
77  Definition of a public health problem ... 21
PART ill. BIOLOGICAL INDICATORS OF VITAMIN ASTATUS oo 22
3.1 Clinical indicators: Xerophthalmia .. ... 22

32 Subdlinical INGICAIONS .o\ vt e e 24
3.2.1 Functional indicator: Night blindness .. ... 24

3727 Biochemical indicators .. ..o e 26

GEPUMI FEHNOL . o L ot ottt e 26

Breast rrilk vitarmin A CONCEMIration ... .o v oo 30

Relative dose response tests (RDRand MRDR) ..o 34

Serumn 30-day dese response test (+S30DR) .. 38

323 Histological indicator: Impression Cytology -« 39

PART IV. ECOLOGICAL AND RELATED INDICATORS ASSOCIATED WITH

RISK OF VAD L\ ettt e e 45
4.1 Purpose and use of indirect indicators associated with VAD . oo 435
47 Nutritional status and diet-refated indicators ... e 46




4.3.1 Immunization coverage rates
4.3.2 Measles case fatality rate
4.3.3 Disease prevalence rates

4.4 Socicaconornic indicators
4.4.1 Maternal education and literacy
4.4.2 Incorne/employment

INTEGRATED APPROACHES TO CONTROLLING VAD
Improving dietary quality and quartity through dietary diversification
Improving dietary quality through food fortification

Supplementation




List of Tables

Indicators of clinical vitamin A deficiency - xerophthalmia - in children

-7l months of age .. . 6
Biological indicators of subdlinical vitamin A deficiency in children

&7l menths of age .. . e 7
Types of indicators useful for achieving broad surveillance objectives .. ..o 0.0 9

A. Relative ranking on 2 population base of some biological indicators useful for various
SUNVEIIANCE DUMDOSES o ot e e et et e e 10
B. tcelogic indicators of areas/populations at risk of VAD ... oo oo H
Core indicators for assessing progress towards the goal of virtual elimination

of VAD by the year 2000 . . . i3
Examples of process indicators for monitoring and evaluating VAD control

o g = P5
Classification of xerophthalrmia, minirmurm prevalence Criteria and minirmurm sample

sizes for defining clinical VAL of public health importance in a community of

childrenunder 6 yearsofage .. ... e 23
Prevalence of night blindness in children 24-71 months of age and minimum sample

aizes for identifying a VAD public healthproblem .00 o 26
Prevalence of serurm values of vitarmin A <0.70 urmol) inchildren = | year and

minimurm sample sizes for identifying a VAD public health problem ... .. ... . oL 30
Prevalence of breast-milk values <1.05 umaold (= 8 wg/g milk fat) in a population

of lactating wormen and rinimun sample sizes for identifying 2 VAD public health

o o))~ o T 33
Prevalence of a positive RDR or MRDR and minimum sample sizes for identifying

aVAD publichealthproblem ... 37
Prevalence of positive -+5300R value in children | -6 years of age and minimum

sample sizes for identifying a VAD public health problem ..o oo 39
Cormparison of the sensitivity and specificity of impression cytology against different

indicators Of VAD L. o 42
Prevalence of abnormal impression cytology in children 24-71 months of age and

rmirirrurm sample size for identifying a VAD public health problem ..o 0000000 44
Ecological indicators and their potential uses in VAD surveillance ..o a7

vii




Annex | Countries categorized by degree of public health importance of vitamin A
deficiency, by WHO region

Annex 2 Sample form for weekly frequency of cormplementary feeding by food categories;
Sample evaluation form guide

Annex3  Sample of survey form for individual child Aamily

Annex 4 Minimum sample sizes for anticipated prevalence with relative predision of 20%
and 50% at the 95% confidence level

Anrex > List of participants

case fatality rate knowledge, attitudes and
conjunctival impression cytology practice

dark adaptation low birth weight

diarrhoeal disease maternal and child health
dark green leafy vegetables maodified relative dose
didehydroretinol response test

expanded programme on oral rehydration solution
imrmunization protein-energy malnutrition
high pressure liquid Primary Health Care
chromatography retinol

impression cytology with recommended dietary intake
transfer relative dose response test
iron deficiency anaemia serurm 30-day dose response
iodine deficiency disorders thyroid stimulating hormone
information, education, vitarnin A deficiency
communication vision restoration time

infant mortality rate weight for height




L INTRODUCTION

Background

f. The global mormenturn for eliminating preventable debilitation, misery and death resulung
from vitamin A deficiency (VADY has significantly increased in the last decade. Heads of state,
ministers, and other representatives of countries attending The World Summit for Children (New
York, 1990), the Policy Conference on Ending Hidden Hunger (Montreal, 1991), and the
International Conference on Nutrition (Rome, 1992) all pledged to virtually eliminate vitamin A
deficiency and all its consequences, induding blindness.' Global, regional and national plans are
required to achieve this goal by the year 2000,

7. Vitarin A, in addition 1o the essential role it plays for vision and eye health, is now
recognized as a critical factor in ¢child hea'th and survival, Traditionally, clinical signs and symptoms
of xerophthalmia, sometimes supported by evidence of very deficient blood values and dietary intakes
of the vitamin, have been used to identify populations with a deficiency of vitamin A, Furthermore,
recent studies suggest that ill health and risk of death from some infections are also increased even
in children who are not cinically deficient,but whose vitarmin A body stores are depleted, Although
there are several biological indicators for identifying subclinical (sometimes referred to as margnal}
deficiency, none that is usable under usual field survey conditions is both adequately sensitive and
spedific to be wused by itseif.

3. There is thus an urgent need to provide guidelines for the selection,and appropriate use
and interpretation, of practical indicators to identify areas where VAD is likely to occur, to assess
vitarnin A status in the areas/populations, and to monitor and evaluate programmes designed to
eliminate the protlem as a public health concern, The indicators selected should be feasibie in terms
of their cultural acceptability, their obtainability under field conditions, and their measurability at
reasonable cost. In addition, the indicators should actwith sufficient sensitivity and specificity 10 assess
reliably the magnitude and severity of the problem.

4. The strengths and limitations of available biclogical indicators need to be examined to
orovide guidance for their selection and use under different conditions and for different purposes.
Cut-off points and prevalence of deficient values to identify deficient populations are required to
estabiish when a public health problern exists and at what level of concern, Le, mild, moderate and
SEVEIE,

' Participants in these meetings ko agreed 1o eliminate iodine deficiency and to reduce substantially iron deficiency
anaemia during the same time frame,




3. Frequertly, resources are limited for using biclogical indicators to assess vitamin A status.
In such situations, there is need for guidance in selecting, using and interpreting non-specific indicators
to identify high-risk populations for targeting interventions.

6. When a decision to intervene is made, indicators are needed to measure efficacy and
effectiveness of the intervention and to monitor progress towards eliminating VAD as an important
public health problem.

7. In view of these needs, a technical consultation was convened with the following objectives
and scope:

Objectives

To identify appropriate indicators and establish cut-off points for assessing subclinical
vitarnin A deficiency in populations;

To determine which indicator, or combinations of indicators, may be useful in identifying
populations with vitamin A deficiency at levels that pose an important public health
problem;

To discuss, according to age and/or sex, which groups are most appropriate for
assessment using different indicators;

To consider the characteristics of the indicators and their usefulness given different
surveillance objectives,

Scope

& Indicators that define dlinical vitarnin A deficiency, i.e.signs of xerophthalmia reinforced,
when available, by evidence of very deficient blood levels of vitamin A (<0.35 umol/) and their
prevalence to determine & public health problem were not changed from those agreed upon in
WHO Technical Report Series 672, 19827 Although these indicators were not reviewed in detail
a3 @ part of this consultation, they are included in this report for the sake of completeness. In view
of recent evidence assodiating morbidity and mortality with VAD, and the well-recognized "clustering”
of VAD, any xerophthalmia in an area warrants careful consideration as an important public health
prodlem.  Decreased morbidity and mortality can be expected by using any combination of
Interventions to improve vitamin A status? in such populations.

* Control of vitarmin A deficiency and xercphthalmia, Report of a joint WHOMANICEFAUJSAID Helen Keller
InternationalAVACG mesating, | 982, Technical Report Series 672, Werld Health Organization, Geneva, 1582,

' Subcommittee on Nutrition. Controfling vitamin A deficiancy. A report hased on the ACC/SCN Consultative
Group Meeting on Strategies for the Control of Vitamin A Deficiency, 28-30 July 1993, Ottawa, Canada, ACC/ACN
State-of-the Art Series, Nutrition Poficy Discussion Paper No. |4, January [994,

" Beaton et al. Efectiveness of vitamin A supplementation i the control of, young culd morbidity and mortality in
developing countries. ACC/ACN Stata-of-the-Art Series, Nutrition Palicy Dizcussion Paper No, 13, December 1993,
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9. Subdlinical VAD, which was the subject of the consultation, 15 defined as:

tissue concentrations of vilamin A low enough to have adverse health consequences, even
if there is no evidence of dinical xercphthalmia.

in the light of recent findings, the consultation agreed that the term deficency includes clinical as well
as subclinical VAD (severe, moderate and mild degrees), all levels of which are likely to adversaly
affect health. In situations where deficiency refers only to the presence of dlinical signs, the consultation
recammended that the term dinical deficiency or xerophthalmia should be used.

10, The specific biclogical indicatars of VAD considered were:
Functional indicator: night blindness.

Bicchemical indicators: serum retinol;  breast-milk vitamin A;  serum retingl binding
protein; and the various dose response measurements: relative dose response (RDR),
modified relative dose response (MRDR), and the serum 30-day response (+ 5300R).

Histological indicators: conjunctival impression cytology (CIC);  impression
cytology with transfer (ICT).

i, A composite of non-spedfic but supportive ecologic and demographic indicators was also
suggested that can be useful in mapping or locating where VAD areas/populations are likely to be
found. These indicators included:

Nutritional status and dict: breast-feeding patterns; anthropometric indicators of PEM;
nrevalence of low birth weight; rmarket and household fcod availability; dietary patterns
of vulnerable groups; semi-quartitative and qualitative indicators of food consurmption
revels; beliefs and attitudes concerning foods.

lliness and disease patterns:  immunization coverage rates, measles CFR; disease
prevalence rates. -

Socioeconomic varables: maternal education and literacy; incorme and employment;
water supply and sanitation; access to health and sodial services: access to land; and
agricultural services and inputs.

Global distribution of VAD

12 WHC receritly updated its information on the global prevalence of VAD and established
a databank as part of the Micronutrient Deficiency Inforrmation Systerm (MDIS), which also covers
iodine and iren deficiencies. Based on the definition of VAD agreed upon in this consultation, and
using the MDIS in consuttation with WHO regicnal offices, countries with VAD are listed in Annex |
pased on the best current estirmate of the level of the problem's public health importance. The
categories severe, moderate or mild subdinical deficiency are based, respectively, on biochermical




evidence and reports of sporadic occurrences of xerophfhalrnia, and/or dietary and other supportive
ecological evidence of high risk. Countries for which data are lacking are also listed, as are countries
where VAD is under control or there is not likely to be a problem.

13, WHO recognizes the dynamic situation globally as countries newly assess their problem
or update information available from monitoring VAD control programmes.  To respond to these
changes, the giobal situation will be updated periodically based on data made available to the MDIS,
WHO appreciates receiving new data from countries, through its regional offices or directly to
headguarters in Genava, for incorporating into the MDIS database.

14, Al global and country-specific information on which the prevalence of dinical and
subclinical VAD is based is found in the MDIS Working paper #2* published in 1995 and available
from the WHO Nutrition Unit. WHO estirmates that around 1995 nearly 3 millionchildren 0-5 years
of age are annually affected by xerophthalmia, and that an additional 251 million are severely or
rmoderately subclinically deficient.

" The Global Frevalence of Vitamin A Deficiency. MDIS Working paper #2, WHO/MNUT/S5.3, World Heatth
Organization, Geneava, 1995,
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PART . SUMMARY OF INDICATORS FOR VAD
SURVEILLANCE | |

I5. Surveiliance Is the careful and continual oversight of a situation or populations and rmay be
underiaken for a number of reasons. Surveilance of VAD may be done to assess the magnitude,
soverty and distribution of the problem; to identify and characterize high-risk areas/populations where
control programmes are needed; to track progress towards attainment of long-range goals; and/or
1o monitor progress and evaluate impact of control programrmes.  Indicators are derived from
information that characterizes a situation or population; their careful selection and evaluation are thus
critical to acourate survellance. The purpose of VAD surveillance will determine indicators which are
appropriate and the limits to interpreting data.  Because the vitarmin A status of populations can
worsen as & result of prolonged adverse climatic conditions and significant economic and/or political
changes, it I§ Important that these factors be included as a part of surveillance systems, Indicator
selection should be governed net only by technical and finandial feasibility, but also be consistent with
a given demographic and cultural context.

l6. This section surmmarizes key purposes for VAD surveillance and indicators for this purpose
recormnmended by the consuftation, their cut-off points 1o define deficiency, and suggested prevalences
of deficiency indicating a given level of public health concern. Later sections provide additional
detailed information for consideration in selecting an indicator, including biclogical features,
acceptability, technical feasibility and relative- costs. For convenience, the biological indicaters (clinical
and subclinical), ecclogical indicators, core indicators for measuring progress toward elimination of
VAD, and examples of process indicators for evaluating intervention programmes are provided in
Tables [-5.

LI Assessing VAD prevalence

17. A fundamental aim of VAD surveillance is 1o determine VAD's magnitude, severity and
chstribution. This is usually accornplished through surveys, which help te identify high-risk populations
for targeting interventions while providing a baseline for monitoring change in vitarmin A status over
time. I'he data are aiso useful for highlighting the significance of VAD preblems and stirmufating action,
Baoth clinical and subclinical biclogical indicators of vitamin A nutritional status are required for this
pLrpose.

(&) Methodolcgy of Nutrivanal Survedlance, Technical Report Series 593, World Health Organization, Geneva,
1976
(5} Mason |, et al, Mutritional Surveilance, World Health Organization, Geneva, 1984
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I8 Blological indicators of vitamin A status, cut-off levels that define deficiency, and minimum
prevalence lavels that define a public health problern are presented in Tables | and 2. in Table | only

¢riteria for corneal disease (corneal werosis, ulceration, keratomalacia and scars) directly document
blinding, or immediately biinding, ccular disease.

Table |

Indicators of dinical vitamin A deficiency-xerophthalmia-
in children 6-71 months of age
(Prevalence of any one or moere indicators signifies a public health problerny"”

S Uindieator

Conjunctival xercsispwith Bitot's spot
(X1B)

Corneal xerosis/Ulceration/keratormalacia
(X2, X3A, X3B)

Corneal scars® (X5)

"Night blincness (XIN) is a symptom included in the classification of xerophthairmia together with the
other diinical eve signs. The consultation reaffirmed that a prevalence of night blindness > 1.0% in
chitdren 24-71 monihs of age indicates a public health problem. In addition, a serum level of vitarmn
A (retinal) is often used with the cinical dlassification to provide supportive evidence of an important
problem. A prevalence of =5% of serum levels <<0.35 wmolfl is strong corroborative evidence of
any dinical critera met to identify an urgent public heaith problem.

Y The consultation did not review prevalence rates for xerophthalmia that indicate a public health
problemn. Clinical signs and symptorms undoubtedly provide a gross underestimation of the beneficial
effect that a vitamin A intervertion rmjght have on a population. Indeed, in view of recent findings
from mortality and morbidity trials, any xerophthalmia in a population s worthy of careful review
given its patential public health importance.

¢ Lack of a history of traumatic eye injury or use of topical tradjtional medicines increase the speciicity
of this VAL indicator.




Table 2

Biological indicators of subdinical vitamin A defigency
in children 6-/1 months of age

Prevalence below cut-offs to define a public health
preblem and its level of importance '

indicator Mild | Moderate - Sewere
I (cut-off) ' _ L
FUNCTIONAL
Might blindness | =0- <% 219 - <5% 2 5%
(present at 24-71 mo)
BIOCHEMICAL
Serum reting) =2 -<10% >109% - <20% »20%
{(£0.70 umaoih)
Breast milk retinol
(21.05 umolf or < 10% 210-<25% 225%
=8 wg/e milk fat )
RDR {2209%) <20% 220 - =309 230% I
MRDR «209% 20 - <30% =30% l
(ratio 20.06)
+ S30DR (220%) <20% 220 - <30% 230%
HISTOLOGICAL
CICACT <20% 220« <40% »40%
(abnormal at 24-71
MO of age)

There is a public health problern (the level of public health irmportance is indicated by the prevalences
noted in the table) when:

the prevalence in a population of at least two of the above biclogical indicators
of vitarmin A status is below the cut-cff;




one biclogical indicator of deficiency is supported by at least four (two of which
are nutrition and diet-related as in Table 4) of a cormposite of demographic and
ecological risk factors such as:

IMR =75/1000 live births; under-5 year MR > 100/1000 live births;
full immunization coverage or, particularly measles immunization
coverage, in =50% of children at 12-23 months or age;

< 50% prevalence of breast-feeding in 6-month-cld infants;

median dietary intake < 509% of recormmended safe level of intake
armong 75% of children | -6 years of age;

two-week period prevalence of diarrhoea =20%;

measles CFR rate = 19%,;

no formal schooting for = 50% of women | 5-44 years of age;

< 509 of households with a safe water source.

19, The cut-off values suggested for demographic and ecologic risk factors are arbitrary. When
irformation is available, these and similar factors reflecting social and econormic deprivation and dietary
inzdequacy can be used for ranking areas/populations according 1o risk level in support of any
biclogical criterion that identifies an important public health problern.

20, When a public heaith problern of mild, moderate or severe importance is identified,
intervention is called for because heatth consequences are likely even at mild and moderate levels of
public health importance. A contextual analysis is warranted to determine fikely causes of the
sttation, and timely attention is required for allocating resources and taking action. However, the mix
of interventions chosen rray be influenced by the level of public heaith importance identified in order
to balance short-term rmeasures with sustainable long-term solutions.

1.2 Identifying high-risk areas/populations for interventions

21. Assessing factors associated with VAD is also critical to developing intervention
programmes.  This type of surveillance activity is concerned with selecting priority areas for
intervention, thereby allowing for more efficient allocation of resources. Indicators that are useful for
identifying high-risk areas also provide data reflective of the context for selecting, designing,
implernenting and evaluating effectiveness of the appropriate mix of control programmes. Table 3
evaluates the usefulness of various indicators for achieving broad types of surveillance objectives.




Table 3

Types of indicators useful for achieving broad surveillance cbjectives

Biological

Ranking area/population nsk MNutritional, illness, socioeconomic

Select priority areas/create mix of intervention | Demographic, ecologic
strategies

22, Biclogical indicators are the most specific and useful for determining risk assessrment,
targeting prograrmrmes and evaluating their effectiveness. They are essential for evaluating the vitamin

Astatus of a population. Table 4A suggests a relative ranking of the usefulness of biclogical indicators
of subclinical VAD.

23. Where it is net feasible to obtain biciegical indicators, demographic and ecologic indicators
may be sufficient 1o achieve some of the objectives if there is evidence that VAD is a problem of public
heatth importance. Table 48 lists some of the most relevant of these indirect risk indicators. Before
intervening, however, it is preferable to use a biclogical indicator to confirm the existence of VAD.




Table 4

A.. Relative ranking on a population base of some
biclogical indicators useful for various surveillance purposes




B. Ecologic indicators of arcas/populations at risk of VAD
Nutrition and diet-related indicators’

Indicator : ' Suggested prevalence

Breast-feeding pattern
<6 months of age , <50% receiving breast milk
26 « 18 months of age ‘ <75% receiving vitamin A-containing foods in
: addition to breast milk, 3 times/week

Nutritional status (=< -250 from WHO/MNCHS

reference for children < 3 years of age)
Stunting =30%
Wasting = 10%
Low birth weight (<2500 g) » 5%
Food avaiflability
Market DGLY unavailable =6 months/fyr
Household < 75% households consume vitamin
A-rich foods 3 times/week
Dietary pattermns
& -71 months old children = 75% consurne vitamin A-rich
Pregnant/lactating women foods at least 3 times/week

Semi-quarititative qualitative

Food frequency Foods of high vitamin A content eaten

=3 times/week by »75% vulnerable
groups

' The suggested provalence cut-aff flzvels are arbifrary. However, greater weight should be given to this
group of indicators in identiving high-risk popuiations than is given to the other ecologr: indicators nated
below,

liness-refated indicators in children 6-71 months of age’

Indicator  Supsested prevalence

Irrnunization coverage at 12-23 months of age <509 fully immunized or
<509 immunized for measles

Measles CFR = 1%

Reported diarrhoea disease rate (2 week period

prevalence) x20%

Reported fever rates (2 week period prevalence) =20%

Helrminthic infection rates, particutarly ascaris _ 250% .

.

The sugpested prevalences are arbitrary. and are suggested only to assist in the relative ranking of population
vidnerabity. They are best used in association with & biolagical indicator and more than one nutrition and dist-
related indicators.,







