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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.
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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.,




Socioeconomic indicators

Eevels of maternal educatfon and Ilteracy
ncome/employment

- water supply and level of sanitation

. access 1o health and social services

L raccess 1o land TR
R ACCEss 10 agmc:ultur"al servrces/ nputs

24. Sociceconomic indicators such as these noted above can provide supportive information.
These indicators should be used with nutrition and diet and iliness-related indicators to identify and
rank areas or populations at risk of an important problem of VAD.

23, By themselves, none of these ecologic or related indicators are sufficient to determine if
VALY actually exists in an area/popuation. Bioiogical indicators must be used to verify vitamin A status.

1.3 Measuring progress towards long-term micronutrient goals

26. Mary countries have pledged to work towards achieving a set of child health, nutrition and
developrment goals by the year 2000, The relevant goal for vitarmin A among the World Surmmit for
Children Goals,” which were also endorsed by the Intermational Conference on Nutrition (ICN),? is
"the virtual eliminaticn of VAD and all its consequences, including blindness.® Surveillance activities
can provide a quantitative basis for assessing progress towards meeting this goal,

27. The dinical indicators in Table | are useful for determining when the virtual elimination
of blinding VAD has been achieved, The threshold values for biological indicators in Table 2 are
appropriate where clinical VAD has been reduced but (applied to serum retinol) rates of infection
rermain high. The consultation selected the indicators in Table 5 as core indicators for determining
progress in countries towards achieving the virtual efimination of all consequences of VAD. For this
specfic surveiliance purpose, goals for threshold prevalence levels in serum differ from those in Table
2 (ie. 5% rather than 10%), The lower prevalence was selected given that improving health and
sacial conditions over time will reduce adverse factors (e.g. underlying acute and chronic infections)
that lower serum values, and adverse sodioeconomic factors that cause inadequate diets. Prevalence
levels rmarking the achievernent of long-term vitamin A goals therefore should reflect the prevalence
expected in populations that enjoy not only good vitamin A status but also minimal levels of acute and
chronic infections. Less than 596 with serum values <0.70 umol/l is characteristic of affluent societies

" First call for children, Ward Declaration and pan of action from the World Summit for Chifdren, UNICEF, N.Y.,
[990.

" Worid Dectaration and Plan of Action for Nutrition. FAOMWHO, International Conference on Mutrition, Rome,
Dacember 1992,
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and children with adequate vitamin A status.” Morecver, when diets are adequate in vitarnin A, faw
mathers have breast milk values under 1,05 umold.»

Table 5

Core indicators for assessing progress towards
the goal of virtual elimination of VAD by the year 2000

Functional indicator® . Prevalence goal

Night blindness <%
(children 24-71 months of age)

Biochemical indicators:

serurn retinol <0.70 pmol/

(children &-71 months of age) or < 5%
Breast mitk retinol =1.05 umolf or < [ 0%
< B ngfg milk fat

* Other chincal indicators of xerophthalmia, fe. conjunctival xeresis with Bitat’s spots (X18) <05 %, corneal
rerosseration/keratornatacia (X2,5X0A,X38) <0.019%; comeal scars (X5) <0.05%, where known to occur

cart also be used to assess progress towards eliminating VAD, and especially towards elhminating vitarmin A-
reiated blindness.

"(@) Pich S, M. Analysis of vitamin A data ffom the health and nutrition examination surveys. Jjournal of Nutrition,
1987, 117:636-40;
{b) Flores H.etal. Serum vitamin A distribution curve for children aged 2-6 y known to have adequate vitamin A
status: a reference population, American fournal Ginical Nutrition, | 951, 5470711,

O Newman V. Wtamin A and breastfeeding: a comparison of data from deveioped and developing countries, Wellstart
International, San Crego, CA, 1992,
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1.4 Monitoring and evaluating YAD control programmes

28, Surveillance also extends o evaluation of effectiveness of prograrmime implementation and
impact. Indicators of programme effectiveness, i.e. process indicators, measure the functioning of
programimatic activity necessary to have an impact on vitamin A status. Process indicators should be
selected to measure activities critical to the spedcific control programme(s). Table 6 provides some
examples of process indicators that might be used in some types of VAD control programmes.
Prograrmme coverage is critical to both this evaluation function and programme success. Evaluation
of the impact of control programmes requires the use of biological indicators. Other authoritative
docurments provide more detail and examples of process indicators and their uses i monitoring and
evaluation."

" (&) Arroyave G.etal. Methodologies for monitoring and evaluating vitarmin A deficiency intervention progrars. A
report of the Intarnational Vitamin A Consultative Group (VACG). The Nutrition Foundation, Washington,
D.C., 1989,
(t) Program Against Micronutrient Malnutriton (PAMM) and the Micronutrient Initiative (MI) are developing a
detailed manual for monitoring VAD intervention programmes which is expected to be available in| 996.
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Table 6

Examples of process indicators for monitoring
and evaluating VAD control prograrmmes

Supp[eme:ht distribution programme

Percent coverage of at-risk population by programme, e.g. capsules (supplement)
received ang delivered/fyear/rarget population

Percent of the health centres/institutions &tc, with sufficient supplerment for coverage of the
target population(s) for a 4-6 menth distribution cycle

Fortification programime

Number of vitarmin A-fortified foods available in selected markets

Parcentage of fortified foods available in market that meet specified levels of vitarmin A

Percentage of households containing a spedific vitamin A-fortified food selected as suitable for
consumpticn by target grouns

Percentage of target group consuming a specific fortified food

Mutrition education/social marketing programmes

Number of contacts for message-delivery per week

KAP indicators of messages delivered and understood at the household level

Percentage awareness of consequences of VAD and local vitamin A-comtaining foods:

Percentage of under-24-rmonth-old infants consurning the RDI of vitamin A from foods or
supplements

Feeding patterns for vitarnin A-rich foods, e.g. percentage of children under 3 years of age

eating vitamin A-rich foods 3 times a week

Horticulture programme

Percertage of homes in a district with a garden having provitamin A-containing foods
Percentage of schools in a district with gardens having provitamin A-containing focds.




PART Il

2.1 Purposes of YAD surveillance

21 Surveillance is the continual collection of information from which indicators have been
derived that characterize the present situation and provide a baseline for determining future changes.
Therefore, key to VAD surveillance are indicators which measure vitamin A status, the conditions that
contribute to VAD, and how vitamin A status shifts over time in response to changing conditions. The
appropriate composite indicators depend in part on the purpose(s) of VAD survelllance. Four of the
most frequent purposes are: (a) assessment of the magnitude, severity and distribution of VAD
prevalence; (b) identification of high-risk areas/populations; () tracking progress towards attainment
of longerange goals; and (d) monitoring progress and evaluating impact of intervention and control
programmes. The feasibility of obtaining reliable data for specific purposes shoutd be considered not
only within the constraints of available technical and financial resources, but also in the light of the
specific demographic and cultural context. These considerations will determine the selection of
appropriate indicators,

2.2 Factors in selecting groups to measure

22, A variety of age groups of both sexes could serve as a focus for VAD surveillance. The
selection of the optimai group will depend upon the purpose for surveillance and other
considerations, indluding vulnerability, representativeness and accessibility. When surveiflance includes
rultiple nutrition and health problems in addition to VAD, the age sroup selected to achieve all the
desired outcomes may not be optimal for surveillance of VAD alone.

23 Vulnerability. To serve as a sensitive indicator, the population selected must be vulnerable
{0 the defidency. Three aspects of vulnerability are:

+ extent of exposure and responsiveness to deficiency;
+ severity of health consequences of deficiency;
+ degree of responsiveness 1o intarventions.
24, Representativeness. Two aspects of representativeness are:
+ Intermal validity. Is the selected group represertative of all persons in the same age/sex

group in the community? For example, if preschool children exarmined in an under-five
programme are selected, are they reprasentative of all preschool-aged children in the
cormmunity?
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+ External validity. 1s the VAD status of the selected group representative of the status of
other vuinerable groups in the community? |t may be that the apparent prevalence and/or
severity of VAD in the selected group (e.g. preschool-aged children) contributes to
overestimating or underestimating the prevalence and/or severity in other vulnerable
groups (e.g. lactating wornen).

25, Accessibility. Populations easily accessible for assessment, e.g. infants contacted through
an irnmunization programme, children in growth-monitoring programmes, or women who attend
materral-child health (MCH) clinics, may facilitate surveillance and reduce logistical costs, However,
the rmost accessible groups may not include a propertion of the most vulnerable group equal to that
in the general population. Therefore, utrmost caution should always be taken in extrapolating to the
general population information obtained from easily accessible groups.

26. Usefulness for surveillance of multiple micronutrient and other health problems. Because
nutrient deficiencies seldom occur in isolation, it may be economical if the group selected for VAD
surveillance also serves for obtaining information relative to other nutritional and related health
problerms. For example, surveillance of VAD among preschool-aged children that use & consurnption
indicator of key vitamin A-rich foods in the diet might also serve to determing the consumption
frequency of iron-containing foods (they may in fact be simitar), and/or foods rich in ascorbic adid that
are importart for enhancing the bicavailability of iron or, concurrently, to determine the frequency,
amount and kind of (iodized?) salt consumed.

2.3 Appropriate groups to measure

27. Newborns and infants under 6 months of age. In settings where breast-feeding
predorninates for at least 4-6 months, newborns and infants under 6 months of age are nota useful
group for VAD soreening, Although vitamin A stores are minirmal at birth and blood levels tend to be
low, stores climb rapidly in the breast-fed neonate whose mother is well-nourished and therefore
has adequate vitarnin A in her milk. Generally speaking, stores are maintained at an adequate leve!
for at least 4-6 months while breast-feeding continues.” However, in settings where breast-feeding
prevalence is low or of short duration, infarts weaned early to diluted or non-fortified mitks are highly
vuinerable to severe clinical vitamin A deficiency as are non-breast-fed newbaorns given similar milks.
Surveilance is best done by induding a breast-feeding/dietary history to identify deprived populations
where breast-feeding does not predominate for at least the first & months of life.

28. Infants =6 moniths and children up t0 6 years. Although this age group is highly viirerable
to VAD and is the most useful for surveillance, accessibility may be a problem. Reliance on access
through established community programmes rmay pose problems of representativeness, Measles

(a) Wallingford [C, Underwood BA, Vitamin A deficiency in pregnancy, lactation, and the nursing child. In:
Bauernfeind |C (ed) Weamun A Deficiency and fts Control. Academic Press, Inc. NLY., (1986);
(b) Newman V., Viamin A and breastieeding: a comparison of data from developed and developing countries.
Wellstart International, 1993, pp 21-24
{¢) Underwood B, Materna vitamin A status and fts importance in infancy and early childhood. American fournal
af Chinical Nutrion, 1994, 59:5175-248,
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vacgination may offer the highest accessibility and representativeness for the first contact in areas with
high coverage for this vaccine. However, additional cortact points for surveillance that cover the full
age period of maximum vulnerability, i.e, up to 6 years of age, should be identified. This age group
Is also useful for surveillance of other nutrition problems such as iron deficiency anaemia, iodine
deficiency disorders, and detection of malnutrition through anthropometry.

29, School-aged children.  From six years of age onwards, children are less vulnerable to
severe health consequences from VAD and some indicators (e.g. Bitot's spots) are less responsive to
intervention programmes. Children in school are accessible and can serve as scouts for deficiency
in younger siblings, as advocates for vitamin A-containing diets in their hormes, for promating long-
term solutions through home and school gardening, and for receiving vitamin A-relevant nutrition
education.

30. Pregnant wormen at MCH dinics, Pregnancy increases women's vulnerabitity only slightly
as the fetus' additional daily needs are smali. Requirernents can be met through diet or, if necessary,
supplements that do not exceed 10 000 IU daily throughout pregnancy. Surveillance is best done by
taxing a history for evidence of night blindness (where a local term for the condition exists) and/or
applying one of the dose-response tests (MRDR or RDR).  Serum retinol levels alone may be
misleading due to the haemo-dilution that accompanies later stages of pregnancy. On the other hand,
pregnant wornen are good candidates for surveillance of other nutrition-related health problems such
as iodine deficiency disorders, iron deficiency anaemia and risk of delivering a low-birth-weight infant.
Selfection of the appropriate combination of VAD status indicators is particularly important to realize
the potential cost-savings from surveillance contacts for muttiple nutrient/health-related problems.

31 Lactating women preferably within 4-6 weeks (or at most 8 weeks) from birth. Vitamin
Aneeds increase during lactation to replace daily losses in breast milk. Women in endarmic vitamin
A-deficient areas are priority candidates for receiving a high-dose supplement (200 000 1U) during
the infertile period {ollowing delivery, thereby raising and maintaining the concentration of vitamin A
in breast milk. - Lactating women within the first, or at most the second, postpartum rmonth rmay be
accessible through the BCG/OPV vaccination contact where coverage rates are high, and/or when
the infant is delivered by a health worker (potertially including trained traditional birth attendants).

32, Lactating women from 2 months onward and other fertile women. Malnourished lactating
women are vulnerable to mild-to-moderate VAD because of the daily need to replace vitamin A
secreted in breast mik, However, they should not receive vitamin A supplements in excess of
0000 1U daily. Because the concentration of vitamin A in breast milk is a reflection of a woman's
diet, itis a useful indicator for surveillance of VAD risk in populations where breast-feeding continues
for a significant time as the infant's primary food source of vitamin A, Representativeness of the
distribution of milk vitamin A levels is high if samples are obtained from randomly chosen mothers.
Average breast milk vitamin A concentration, therefore, can be useful for identifying not only women
and their breast-feeding infants at risk of VAD, but also for locating high-risk areas generally. Breast
milic is ofter more easily obtained than blood and may be useful as well for surveillance of risk of other
micronutrients deficiencies, e.g. iodine.
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2.4 Selecting indicators

33. Indicators are basically of two types: outcome indicators, which provide a measure of
irmpact on VAD status, and process indicators, which measure whether or not the intervention is
functioning effectively, Outcome indicators may refer to exposure (for example breast-milk vitamin
A as a reflection of the vitarnin-A intake of a mother and her breast-feeding infant), or to iImpact,
whether on morphology (as estimated by impression cytology), or function (as estimated by night
blindness). Alternatively, outcorne indicators can be categorized according to whether assessments
are direct, i.e. functionat or biocherical, or indirect, i.e. dietary or ecological. Once the population(s)
selected for assessment are defined, the choice of particular indicators should be based on
consideration of bath the criteria discussed below and spedific surveiiiance objectives.

34 Acceptability. The acceptability of a particular indicator may vary among different
popuiations. Sorme rmeasures are more widely accepted (e.g. dietary Intake or breast milk vitamin A)
than others (e.g. drawing venous blood). Acceptability is also an issue for field staff performing the
tests. For exarnple, drawing blood samples in popuiations with a high prevalence of HIV infection
involves some level of risk, or perceived risk, that should be considered in selecting indicators.

35. Technical feasibility. Technical feasibility involves 2 number of factors including:

ease of data or sample collection;

sarmple storage and transport requirements;

transportatility and durability of field equipment;

availability of specialized personnel to obtain and analyse specimens;
availability of equiprment, spare parts and malrtenance personnel,

> > > > S

36, Cost. Costs associated with the use of certain indicators include:

capital costs for facilities and equiprment;
recurring costs for supplies and reagents,;
maintenance costs,

training costs;

personnel, administrative and related expenses,

> > > >

Owverall, the cost per test tends to decrease as the number of tests increases.

37.  Performance.  Useful measures of indicator performance in identifying VAD include
sensitivity, specificity and reliability, These performance attributes are best evaluated when there 1
zn agreed reference standard against which performance can be compared. Clinical eye signs are a
suitable reference standard for severe VAD but are rare occurrences that are insensitive to mild and
moderate deficdency. Total body store is the relevant standard for biclogical indicators of vitarmin A,
but it is impractical to obtain on a population basls using current methodology. Thus, at present,
there is no easily obtained indicator that is useful as a reference standard for VAD. The nearest
practical approxirmation is an estimation of vitamin A liver stores measured indirectly using one of the
dose-response tests, RDR or MRDR. Indeed, the dose response tests are increasingly being used




as a reference for other indicators of vitarmin A status, even if these tests also have limitations which
are discussed below.

25  Availability and interpretation of reference data

38, interpretation of VAD status depends on the availabifity of reference data, preferably derived
from populations known to have adequate vitamin A status, as from "elite” groups within the
population itself. The presence of agreed reference data for a given indicator should guide the
selection of indicators and groups for surveillance, (Where such data are unavailable, local control
populations may be needed.) Standardized reference data enhance interpretation across differert
studies and assist in establishing cut-off values and prevalence levels for use in identifying public health
problems and their severity. Cut-off levels for interpreting serum retinel distribution curves used urtil
recently were not derived from popuilation-based surveys with these characteristics, particularly for
children. The National Health and Nutrition Examination Survey (NHANES) in the USA and in 2
limited population-based study before and after assuring adequate vitamin A status in Northeast
Brazil” comes nearest to reference population.' Reference data are still being compiled for some of
the newly identified subdlinical biclogical indicators (breast milk retinol, dose response tests, CICACT).
This means that the criteria selected by the consultation based on current, limited experiences will
need to be revised in the future as fleld experience using them increases,

2.6 Presentation and interpretation of survey results

39, Some indicators of VAD rmeasured on a continuous scale (e.g. serum and breast milk
vitarmin-A levelsy may not be normally distributed, particularly in deficient populations. Under these
conditions the use of mears and standard deviations is likely to be inappropriate. if possible, the full
distribution of results should be presented, in addition to a measure of the central tendency (mean
or median) and the use of cut-off points to describe the upper or lower range of the distribution. The
percentage of individuals at the extremes of a distribution can be characterized by wsing standard cut-
off points and tabulating the prevalerce values above or below cut-off values. Several threshold
values may be used to express the magnitude of the problerm occurring at different points of the
distribution and that reflect different levels of risk. For exarmpie, serum distributions lower cut-off
points (e.g. <0.35 umoll) may be selected to highlight the most extreme cases, while higher cut-off
points (e.g. <0.70 umolf or < 1.05 umol/) may be useful in identifying that proportion of the
population possibly at risk of inadequate vitamin A status even if it is not necessarily severely deficient.

" Flores 1, etal. Serum vitamin A distribution curve for children aged 2-6 y knawn to have adequate vitamin A
status: a reference population, American fowrnal of Cinical Nutrition, 54:707-1 1

" Pilch, SM. Analysis of vitamin A data from the health and nutrition examination surveys. Journal of Nutrition, 1987,
F17:636.40.
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2.7 Definition of a public health problem

40, Apublic health problem exists when the prevalence of observaticns below a cut-0ff point that
defines deficiency is considered unacceptable, Prevalences to identify a public health problem based
on clinical signs and symptoms noted in Table | are well established. Prevalences based on subclinical
biclogical indicators in Table 2 are state-of-the-art estimates. Because no one subclinical indicator is
considered definitive in determining vitamin A status, the consultation recommended that before
conciuding that an important public health problem exists, at least twe indicators shouid be prevalent
below the cut-off for a deficiency, or that any one be strongly supported by a cormposite of several
indirect demosgraphic and ecalogical risk factors.

41, The conclusion that a public health problerm exists auiomatically should trigger interverntion.
For VA, the appropriate intervention strategy is likely to involve a mix of measures that will result
in improved vitamin A status, The composition of the intervention mix may be influenced by the
refative level of public health importance assigned o the problem, i.e. mild, moderate or severe. A
severe problem usually requires interventions to concurrently address short-term health needs
through the use of a vitamin A supplement and long-term permanent solutions to the probiem
through food-based approaches, A mild problem may be rescived without use of supplements
through nutriticn and social marketing interventions to increase dietary intake of vitarnin A-containing
foods by vulnerable groups.

42, The prevaience of values below cut-off for the subdinical biolegical indicators discussed in the
remainder of the report are ranked from a global perspective as mild, moderate and severe levels
of public heaith importance.  Individual country, arga, or population-based situations to trigger
interventions may call for different rankings. This is a decision that local or national authorities should
make.
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3.1 Clinical indicators

Xerophthalmia

43.  Clinically obvious eye signs of vitamin A deficiency, i.e. Bitot's spot, corneal xerosis,
keratormalacia and cormeal scars, are well-established indicators of severe VAD. They are rare events
In most population surveys, howaver, and reguire a large sample size to establish their prevalence.
These signs are reviewed in detail in other WHO documents. '

44, For the sake of completeness, a summary of the classification of xerophthalmia, and the
criteria for assessing in a community a significant public health problerm in children under & years of
age, are preseried in Table 7. These criteria, which are unchanged from those presented in earlier
documentation, are appropriate for application in communities where blinding malnutrition is
observed. it should be noted that night blindness (KN} is part of the traditional classification of
xeroohthalmia symptons and signs even though, unlike other signs of xerophthalmia, it is not readily
apparent. At present, from a practical standpoint, night blindness in children 24-7 | months of age,
can be assessed only by taking a history from mothers. However, this may not be a refiable indicator
below 24 months of age, or in some cultures even in the youngest of the age span indicated, since
very young children are not particularly mebile after dark, with the resuit that their night blindness
may g0 unnoticed. (Night blindness will be reviewed in greater detail later in this report together
with cther measures of subclinical VAD.)

*(a) Controf of vitamin A deficiency and xerophthaimia, Technical Report Series 672, World Health Organization,
Geneva, |982:

(&)  Viamin A supplements. A guide to thelr use in the treatrment and prevention of vitamin A deficiency and
xerophthalmia, WHOQAINICEFAVACG. World Health Organization, Geneava, 1988 (revised version in press,
[996);

(c) Semmer, A, Vitamin A deficiency and its consequences! a field guide to their detection and control, 3rd
ediion, WHO, Geneva, 1994,
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Table 7

Classification of xerophthalmia, minimum prevalence criteria and
minimum sample sizes for defining dinical VAD of public health importance®
in a community of children under 6 years of age.

Indicator® C 1 Minimum Minimurr
| prevalence - sample size

Might tlindness 1.0% 1522
Conjunctival xerosis not wsed -
Bitot's spot 0.5% 3058

X2 Corneal xerosis

X3A Corneal ulceration/keratomalacia
"< | /3 cormneal surface [53 650
X3B Corneal deeration/keratomalacia
= | /3 corneal surface

X5 Corneal scar 0.05%
xF Xerophthalmic fundus not used

T The minimum prevalence critena for assessing a public health problem was not reviewed a1 the consultation. New
evidence of preventing mortality and severe marbidiias By improving the vitamin A status in popuiations with xarophthalria
suggests that there ik an important public health problem when any xerophthalmia is noted,”

! The biochemical indicator, serum retinol <0.35 tmold at a minimum prevalence > 5% i strong corroborative evidénce

of any chnical criteria met for defiring severe VAL,
¢ Sampls size s calculated for a relative precision of 509 at the 5% confidence level.

45, Clinical signs of xerophthalmia are inadequate for assessing the prevalence of non-chinically
observable deficiency, i.e. depletion of vitamin A stores to the level where important functional
consequences for health are likely to occur, Unfortunately, adequate quantitative data are not
available on the critical bady-store levei below which functions are impaired.  Nevertheless, the
rermainder of this report concerns those indicators, including night blindness, used to assess the
spectrurn of vitarnin A deficiency which is not clinically apparent.

" Beaton G., et al. Efectivenass of wiamin A supplementation in the control of young child morbidity and mortalty if
devaloping counitries. ACC/SCTN State-of-the-Art Series, Nutrition Palicy Discussion Paper No. 13, December 1993,
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3.2 Subclinical indicators
3.2.1 Functional indicator
Night blindness (XN)

46, Biological features. Night blindness, or poor adaptation to the dark, is the first functional
manifestation of VAD that potentially can be measured. It is the result of a reduced rate of
regeneration of rhodopsin in the outer segments of the rods following exposure to light, i.e. delayed
dark adaptation (DA). There are instruments for measuring DA objectively in institutional settings but
there is no objective field-applicable instrument yet available for measuring delayed DA in children
below about 4 years of age. Under field survey conditions, in some circumstances symptoms of night
blinciness can be learned about from mothers of childrer who are at least 24 months of age. Below
this age, children who are malnourished are not usually very mobile at dusk and after dark, so that
night blindness could tend to go unnoticed. Another explanation could be that where breast-feeding
typically continues up to 24 months of age, night blindness rarely occurs untit after weaning. For
populations above 4 years of age, in addition to interview techniques, several objective assessment
procedures are presently being developed to measure pupillary and visual thresholds” and vision
restoration time (VRT).® However, until these procedures are standardized and reference data for
interpreting them are available, night blindness should be assessed by history.

47, Acceptability. Assessment of night blindness when using an interview technique does not
present problems of acceptability,

48.  Technical feasibility. Reliable assessment of night blindness by interview requires that there
be a specific iocal word descriptive of the symptors characteristic of this condition and that it be
specific to vitamin A defidency, There is always the risk of a high number of positive responses if the
respondent believes that such a response may result in some beneficial treatment or therapy, More
reliable: responses rmay be elicited if a series of questions are asked to focus attention on visual acuity
under different lighting conditions, i.e. during the day, evening and right, which are related to vitamin
Adeiciency. Also, since words for night blindness have muttiple meanings in some cultures, this may
lead to rmisclassification. It is important to field-test the reliability of local words prior to undertaking
alarge-scale survey. To make history of night blindness a more reliable indicator, it is also important
 standardize the procedure for data collection, i.e. train interviewers and standardize their approach
to asking questions.

49, Uses and application. Night blindness can be a useful tool for assessing COMMUNIty vitamin
A status and highlighting those areas where the risk of health consequences from VAD arnong children
rmay be expected. Prevalence of night blindness can be used as a mapping tool for identifying areas
where interventions should be targeted. At the sarme time, however, night blindness tends not to be

Cengdon, N, etal. Pupilary and visual threshlds in young chitdren as an index of papulation vitamin A status. American
Journal of Clinical Nutrition, 1995, 61:1076-82,

** Underwood, BA and Olsor, WA leds). A briefguide to current methods of assessing vitamin A status. A report of
the International Vitamin A Consultative Group (IVACG). The Nutrition Foundation, inc., Washington, D.C., 1993.
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very discriminating, and s susceptible to error due to the indicator's subjective nature. Nonetheless,
where 1 i§ 2 well-recognized symptom, it can be used as an assessment indicator and for surveillance
of an intervention programme’s effectiveness,  Maoreover, night blindnass is an indicator that
communities can grasp as a marker of VAD and  which they can use 1o gauge an improvement
resuiting from an intervention. As such, it has the potential to increase awareness in communities of
the importance of the problern and can be of great use for advocacy in helping 1o demonstrate where
the problem of VAD is still evident and where it has disappeared, and in creating public demand for
an intervention programme.

5C. A history of night blindness is an important indicator 10 be applied both to pregnant and
lactating wormen and preschool-aged chiidren. However, few representative population-based
surveys have been done ameng adult female populations.

54 Confounders. A significant age trend is observed in the prevalence of night blindness obtained
by interview, i.e. little night blindness is detected in very young children for the reasons already noted,
while rates increase in children from 2-6 years of age and older. Therefore, to use this indicator of
VAD the age group for which the indicator is applicable should be standardized to a representative
sample of preschool children between 24-7| months of age, schocl-aged children 6-14 vears of age,
and adults 15 years of age and above. Night blindness can be sensitive to seasonal variations in
vitamin A status, and that associated with pregnancy may respond, without interventicn, in the
postpartum period. Also, night blindness is less specific in adults and occasionally has been confused
with the rare hereditary eye disease relinitis pigmentosa where right blindness is reported from
school ages through adulthood.

54.  Performance. In some crcumstances the cassification of night blindness by interview has
been improved by estatlishing an algorithr:

(1) DCoes your child have any problem seeing in the daytime?

(2} Does your child have any problem: seeing at nighttime?

(3) If (2) = vyes, is this problem different from cther children in your community?
(Note: this question 15 particularly appropriate where VAD s not very
prevalent)

(4) Does your child have night blindness (use local term that describes the
symptom)?

This algorithm may increase the specificity and reduce the error of dlassification solely on the basis of
farniliarity with the term. The use of focus group discussions' in different situations may be useful in
idertifying local terms for night blindness and the specificity with which they are useful for identifying
VAL,

" Dawson, 5, Manderson, L & Tallo, VS A manus/ for the use of focus groups: Methogs for social research i
disaase. WHO 5edial and Econemic Research (SER), UNDP/Weild BankAWHO Spedial Pregrarmme for Research and
Training in Tropical Diseases (TDR). International Nutrition Foundation for Developing Countries (INFDO), Besten,
MA, USA, 1993,
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53, Although a good correlation between night blindness and other measures of VAD among
preschool children s reported in cormrmunities, the correspondence is not as good at the level of the
indvidual. To establish more firmly the sensitivity and specificity of night blindness, there is a need for
further research to clarify the refationship between night blindness as assessed through interview and
different objective measures of DA or VRT and other indicators of vitamin A status.

>4, Interpretation: Suggested interpretations of prevalences of night blindness to identify a public
health problem are given in Table 8.

Table 8

Prevalence of night blindness in children 24-71 months of age
and rminimum sample sizes for identifying a VAD public health problerm

 Prevalence

=0- =%
Moderate =196 - < 59%
Severe =59

! Minimum sample size for anticipated prevalence with relative precision of 209 and 50% at the 95% confdence level,
See annex 4,

3.2.2 Biochemical indicators
Serum retinol®

22, Bidlogical features. Vitamin A circulates in blood as retinol bound to its specific carrier protein,
retincl-binding protein (RBP), which in turn is bound to transthyretin, a larger carrier protein that also
transports thyrexine. Some retinyl ester is found, but at low concentrations except after vitamin A
supplerments or a meal rich in the vitamin have been injested. The level of retinol in the blood is
under homeostatic control over a broad range of body stores and reflects body stores only when
these are very low or very high. Thus, serum concentration is not a reliable indicator to use for
diagrosing vitamin A deficiency in individuals. Among populations, however, a frequency distribution
of serurn retinol concentrations can be very informative.

* Plasma can be used interchangeably with serum.
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56, Adisadvaniage in using serum retinol concentration as an indicator of vitarnin A status is that
retincl concentrations are decreased by acute and underlying chronic infections.”  Given the
seasonality in disease patterrs, shifts in serum retinol distributions may cccur that are unrelated 1o
availability of vitamin A-rich foods.  The extent to which disease patterns affect serum retinol
distributions in populations is not fully understood. This is a reason for cautious interpretation when
comparing serum retinot distributions as a spedific indicator of vitamin A status among different
popuiations. However, changes over time in serum retinol distributions within a population can be
interpreted with greater confidence.

a7, Axeptability. Tothe extent that blood collection by either venepuncture or finger prick are
acceptable, measurement of retinol in serum can be used to characterize a population's vitarmin A
status. In some cultures it is very dificult to obtain blood samples from children unless deone in a climic
or in association with some economic or medical benefit, e.g, a free meal or deworming. Careful
consideration shouid be given to the risks of obtaining blood in populatiors where there is a high risk
of HV infection and all necessary precautions should be taken

58.  Technical feasibility. Ccllection of blood by venepuncture or finger orick are well-established
procedures.” Blood should be protected from light and chilled (not frozen) unti! centrifuged.
Separation of the serum by centrifugation should be accomplished after clotting, preferably within 12
hours, The serum should be stored protected from light, oxygen and desiccation, and frozen until
analysed. Unless these minimal conditions are possible under field conditions, reliable measurerments
can not be expected. Currently the reliability of techniques using filter paper as the collection, storage
and transport vehicle are under investigation but are not yet at the stage where they can be
recormnmended for routine use.

59. Retinol can be determined in serum by high pressure liquid chromatography (HPLC), or by
fluorescence or UV spectrophotometry. Choice of analytical method will depend on the resources
available to obtain the necessary reagents of high quality and purity and to maintain the analytical
instrument. HPLC is the methed of choice because of its high specificity and sensitivity, but it is also
the most expensive and dificult to maintzin under the conditions prevailing in many laboratories in
developing countries. Huorometric methods are sensitive, quick and relatively inexpensive, but the
laboratory rmust be able to maintain conditions that avoid interference from contaminating fluorescing
substances, Spectrophotometric methods are the least expensive to use but also the least sersitive,
Both retinol and retiny! esters can be reliably measured individually by HPLC, In contrast,
spectrophotometric, fluorometric and immuncassay techniques generally measure total serurm vitamin

¥ Fitteau SM et al. Influence of merbidity on serum retingl of children in a community-based study in northern (Ghana.
American journal of Nutrition, 1993, 58:192-7,

2 Sommer A, Vitamin A defictency and its consequences; a field guide to their detection and control. 3rd edition,
WHO, Geneva, | 594,

7 Bochemical methadolagy for the assessment of wiamin A status. A report of the International Vitamin A
Cansultative Group (IVACG). The Nutrition Foundation, Washington, D.C., 1982.

“ Furr HC, Baruz AR, Olson JA. Analytic mathods. In: Sporn MB, Roberts AR, Goodman DS (ods) The Retinoids:
Biology, chemistry, and medicine. 2nd edition. Raven Press, N.Y., 1993,
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A Each of these methodologies requires well-trained technicians capable of maintaining strict quality
control procedures, Colorimetric methods are not recommended,

60.  Some investigators consider that current data suggest that RBP in serurm may be a suitable
alternative to serum retinol. However, before being recommended for use in surveys, more work
is required to confirm its reliability in populations with varying degrees of PEM and acute and chronic
infections. RPB can be measured by ELISA methods, but reliable ELISA techniques are not yet
commercially available, Although RBP can be measured by immunoassay technigues, the only
commercially available procedures are expensive. Procedures under development use a blocd spot
collected on filter-paper for analysis of either RBP or retinol. if the blood spot procedure proves
reliable, it will allow data from developing countries to be collected more readily than is now
possible.  The filter-paper collection of blood will also permit assessment of the status of other
micronutrients such as iron (ferritin) and iodine (TSH) using the same blood spot.

&1, Cost. Cost depends on the amalytic method used and ranges from relatively high based on
HPLC, to relatively low based on fiuorescence and UV spectrophotometry.  The HPLC system
should have at least a manual injector, a pumnp, a single wave-length detector, and a chart recorder,
While such a simple systern may cost as little as US$15 000, more sophisticated equipment including
an autormated injector, systerm controller, pump, variable wave-length detector, and an integrator that
sirmplifies the procedure can cost USE40 000 or more.,

62.  The column used for HPLC can be any type of C- 18 reversed-phase column.® A guard
colurmn is highly recornmended because serum extracts contain considerable concentrated lipid. The
guard colurmn, packed with rmaterial similiar to the column, helps 1o filter the extract, thereby
protecting the colurmn and increasing its useful life. The average cost of a suitable column is US$500
and of & guard column is US$75.

63. A variety of solvent systems have been used; the simplest and most economical is a
methanolwater mixture, The elution time of retinol, other retinoids and internal standards is
depandent on the ratio of methana! to water,

64,  Spectrophotometric technigues that use a high-quality recording UV spectrophotometer are
best for obtaining maximum sensitivity, and if only 2 small blood sample (e.g. from a finger prick) is
available, the spectrophotometer must be adapted 1o microanalytical procedures.” The ¢ost of a
suitable UV spectrophotometer varies from US$S5 000 to USH1 5 000,

65, Performance. Serum retinol gives a reliable estimate of vitamin A stores only at the extremes
because of the homeostatic control mechanisms mentioned above. However, population distribution
curves, and proportions of individuals below selected cut-off values, can be useful in characterizing

“ Furr HC, Tanumihardjo SA, Olson JA. Traiwing rmanuad for assessing vitamin A status by use of the modiffed
refative dose response and the relative dose response assays. Dept Biochem & Blophys, lowa State University, Ames,
lowa, USA, 1992,

*(2) Bessey OA, etal. The determination of vitamin A and carotene in small quantities of blood serum. Journal of
Biologrcal Chemistry, 1946, 166:177;
(B Araujo CRC, Flores H, Improved spectrophotometric vitamin A assay. Clinica/ Chemrsz‘ry 1973, 24:386.
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the likely vitamin-A status of a population, especially in areas of VAD, and can also be usefu! in
evaluating changing conditions, e.g. response to an intervention prograrnme.

66.  The specificity of serum values can be confounded because RBP is an acute phase protein,
It can be profoundly affected by febrile and afebrile infections, even in individuals with relatively
normal body stores of vitamin A Thus, acute and underlying chronic infections can confuse
spexificity in interpreting serum values when cut-off points are used. Furthermore, RBP has a short
hialf-life: that may limit synthesis in the presence of PEM, and hance hinder the mobiiization of retinol
frorm bedy stores. In addition, normal serum retinol values change with age, increasing from lower
levels at birth to adult levels after puberty.” This age relationship should be considered when
evaiuating serum retinol data from infants and young children,  Serum distribution curves do not
correlate dosely with the prevalence of clinicat eye signs and not always with the prevalence of other
indicators of VAD such as abnormal impression cytology or dose-response measures, or current
dietary intake, although these different indicators tend to categorize populations similarly.

&7. Interpretation. in the past, serum levels of vitamin A of <0.35 umold and <0.70 umol/
were used to describe populations with, respectively, deficient and low vitamin A status.” For the
purposes cf this consubtation, deficiency was defined as occurring where tissues are depleted 1o a level
of functional significance, even if this is net clinically evident,  Presurmably this occurs when blood levels
are below homeostatic set-points that respond to irmprovement in vitamin A status. There is no direct
evidence of the serurn cut-off value where functional consequences, morbidity/mortality effects, begin
to occur. For that reason, and for the sake of consistency, the cut-off value of £0.70 wrmold has been
retained to indicate a low vitamin A status. However, the prevalence level designating an important
public health problem is lowered to 10% from the previously used 159 .

(a) Reddy Vetal. Relatioinship between measles, malnutrition and biindness: a prospective study in Indian

children. American Journal of Clinfcal Nutrition, 1985, 44:524-30:

{b) Fiteau SMetal. Infuence of morbidity on serum retinol of chidren in a community-based study in northern
Ghana. American fournal of Cinical Nutrition, 1993, 58:192-7:

{c) Louw|A etal. Blood vitamin concentrations during the acute-phase respense. Criical Care Medicine,
1992, 20:934.41,

(d) Butler JCetal Measles severity and serum retinol {vitamin A) concantration among children in the United
States, Padiatrics, 1993, 91:1174-81,

T Lewis Cf et al. Relationship between age and serum vitamin A in children zged 4-1 | y. American jourrial of
Nutrition, 1990, 52:353-40.

¥ Arroyave G et al. Methodolagies for monstoring and evaluating vitamin A deficiency intervention programs. A
repart of the international Vitamin A Consultative Group (VACG). The MNutrition Foundation, Washingtor, T.C., 1989

¥ Hypovitaminosis A i the Arméricas. Report of a PAHO Technical Group Meseting, Scientific Publication MNo. 198,
Fan American Health Crganization, Washington, D.C., 1970,
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Table 9

Prevalence of serum values of vitarnin A £0.70 umol/ in children = | year
and minimum sample sizes for identifying a VAD public health problem

509

Mild =2 - <|0% — —
Moderate = 10% - <209% 865 |39
h__‘ﬂ5<evere =20% 385 62

? Minimum sample size for anticipated prevalence with relative precision of 20% and 50% at the 95% confidence level.
See Annex 4,

68.  More information is obtained when the ertire distribution of serum retinol is exarmined in
increments equivalent to 0.35 wmaol and extending to at least | 40 umol/). Limited studies in some
environments have shown that fewer than 5% of child populations with adeguate vitamin A status (j.e.
no evidence by dose-response tests of inadequate liver stores) have values tess than 1.05 umolA.*

Breast milk vitarmin A concentration

9,  Biological features. Breast-rmilk vitamin A concentration is a unique indicator of vitamin A
status because it provides information about the vitamin A status of both the mother and the
breast-fed infant.? The mother's secretion of vitamin A into milk is directly related to her vitamin A
status, at least when her vitarrin A status is inadequate. Al infants are born with low steres of vitamin
Aand depend on vitamin A-rich early breast milk, and subsequent concentrations in mature breast
milk, to accurmnulate and maintain adequate stores until complermentary foods provide significant
additional amounts of vitamin A in keeping with the growing child's increasing requirements.  Thus,
the concentration of vitamin A in breast milk also serves as an indicator of an infant's likely vitamin A
status.

70.  Milk vitamin-A content is very high in colostrum (the milk secreted in the first 4-6 days
postpartur), and rerrains high in transitional milk (days 7-2 | postpartum). Vitamin-A concentrations
stabilize in mature milk (after about day 2|1 pestpartumn), and thus milk concentrations after the first
postparturn month are the most useful for estimating the vitarmin A status of mother and infant.

VAR Most of the vitamin A in breast milk is in the form of retinyl palmitate in the milk fat. During
a feed, the fat content of milk is quite variable for an individual mother, the most important source
of variation being from the first milk expressed from a full breast which is lowest in vitamin A, to the

¥ Flores H, et al. Serum vitamin A distribution curve for ehildren aged 2-6 y knawn to have adequate vitamin A
status: a reference population. American fournal of Clinical Nutrition, 1991, 54:707-11.

2 stolzfus Bf, Underwood BA. Breastmilk vitamin A as an indicator to assess vitamin A status of women and infants.
WHO Bulletin, 1995, 73:703-71 1.
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last milk expressed which has the highest content. This variation in milk vitamin-A concentration is
unrefated to the mother's vitamin A status and must be accounted for when using breast milk as an
indicator to assess vitamin A status of individuals. However, for the purpose of assessing vitarnin A
stetus of a popuiation, assuming that samples are coliected throughout the day and at varied periods
foliowing the last feed, it is not necessary to account for the sarmpling variation in milk fat because this
variation wili be randomly distributed among all samples provided that the collection period is
randomly distributed. Where randomn sampling throughout the day is not possible, milk vitamin A
values should be expressed relative to fat concentrations.

72, Acceptability. Collection of breast-milk samples by ferrale heaith workers is generally
acceptabie even in traditional cuttures. Acceptability is highest if staff, in addition to training in how to
collect them, receive training in how to address mothers' potential concerns about giving milk
sarmples. Mothers should be assured that giving a sample of their milk will not reduce the amount of
milk that their baby will receive, but rather that the breast will be stimulated to produce even more
when milk is reroved. Heaith workers and field staff should be assured that taking a sample of a
macther's milk places no particular strain on the mother.

/3. Because mothers in most comrunities care about the guality of the milk they feed their
infants, the use of breast milk vitamin-A concentrations to assess vitamin A status may be more
understandable than other indicators of vitamin A status, e.g. blood-drawing. The weli-being of
infants as a concern common to health professionals and mothers alike is an advantage in enfisting
cooperation at the survey stage, and potentially in evaluating interventions to improve materna—and
thereby infant—vitarnin A status.

/4. Tedhnical feasibility. Milk samples should be collected from mothers |-8 months postpartum,
which means that colostrum and transitional milk are avoided. During this period, breast milk
proxrnate composition Is refatively stable™ and is likely to provide the major source of dietary vitamin
A for the infant, with complermentary foods contriouting little if any. When interpreted on a
popuiation basis, it is nct necessary 1o control the time of day of sarmple collection or the time since
the infant was iast breast-fed (i.e. how "ull" the breast is). The vitamin A concentration in milk
samples vanies according to these factors; “capturing' this variability in a survey will help to ensure that
survey values represerit the full variation in the milk that infants ingest.

75. Ifitis not possible to assure a random distribution in the time period for collection of breast-
milk, fat can be determined by a simple "creamatocrit micro-method* that has been field-tested.
About 75 pl of well-mixed breast milk is drawn into capillary tubes, which are then sealed at one end
and spun in a haematocrit centrifuge. The length of the cream layer is measured and the amount of

*# The quantity and quality of breast mitk. World Health Crganization, Geneva, 1985,

* Lucas A, Gibbs JAH, Lyster RL, Creamatocrit: smple clinical technique for estimating fat concentration and energy
value of human milk, Sritsh Medical fournal, 1987, 22:1019-20.

* Prentice A, Prentice AM, Whitshead RG  Breast-milk fat concentrations of rural African women. |, Shortterm
variations within individuals. British fournal of Nutrition, 1981, 45:483-94,
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fat determined by reference to a standard curve of fat concentrations established by a chermical
method, *

76, Milk samples ¢an be obtained by manual expression or by using a simple breast pump,
whichever is easiest and most comfortable for mother and staff. If a mother has difficulty expressing
mitk, allowing her infant to suckle from one breast will faclitate milic “let down", thereby aiding
expression from the other. A sample from only one breast is sufficient. Samples of approximately
5 ml, which must be protected from light, should be collected into tubes or vials with air-tight caps.
This condition can be satisfied by using amber or yellow tubes, or by covering clear tubes with foil.

77.  As soon as possible after the sample is collected, aliquots of rmilk in the predse volume
required for analysis should be removed to separate vials for longer-term storage. Precise sampling
at the time of collection into vials that will be used later for analysis prevents difficulties in attaining
uniform mixing after prolonged storage in a freezer. To remove aliquots, the milk sample should be
hormogenized, i.e. the ¢cream should be well-dispersed throughout the milk. Since this is most easily
achieved by gently swirling the sampie just after it has been removed from the breast, the ideal
procedure is 1o aliquot the milk samples at the time of collection. If this is not possitle, milk samples
may be carried on ice to a field station or laboratory 1o be aliquoted. If milk samples have been
chilled, i.e. carried on ice, they should be re-homogenized before aliquots are remaoved, To do this,
allow the sarmple to come to room temperature protected from light, then swirl the sample gently
for about 30 seconds before taking aliquots. The pre-measured milk in the vials that will later be
used for analysis can be stored at -20° C until analysed.”

78, The concentration of retinol in milk can be determined after saponification by HPLC, a
spectrophotometric method, or a flucrometric methad similar to those used to determine serum
retinol, As with alf laboratory analyses, it is crucial that appropriate standards are used and that
laboratory quality control procedures are instituted.

79, Cost. Cost will depend on the analytic procedure chosen and will be similar to that for
determining serum retinol. (See paragraphs 61-64)

80.  Performance, For assessment, the sensitivity and specificity of the breastmilk's vitamin-A
concentration for identifying VAD in individual infants are not high; the sum of sensitivity and specificity
is approximately | 309 using a variety of cut-off values. Nonetheless, the association between vitamin
A in breast milk and other maternal and infant vitamin A status indicators is sufficiently strong that it is
a usefu! indicator at the population level.

81.  The distribution of breast milk vitamin A-levels and the prevalence below selected cut-offs
provides inforrmation about the risk of mild-to-rmoderate VAD in infants. However, even when VAD
is endernic in & community, breast milk usually provides enough vitarmin A to prevent clinical deficiency

 Perris AM, Jensen RG Lipids in human milk: A review. |: Sampling, determination, and content. Journal of Pediatric
Gastroenterology and Nutrition, 1981, 45:483-94,

* Stoltzfus, R.J. et al. High-dose vitamin A supplementation of breast-feeding Indonesian mothers: effects on the
vitamin A status of mother and infant. fournal of Nutrition, 1993, 123:666-75,
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in infants if breast mifk is the primary source of caleries. Furthermore, the morbidity-sparing effect
of breast-feeding reduces the negative impact of illnesses on an infant's vitamin A status. Thus, dinical
vitamin A deficiency is extremely rare among breast-fed infants, and milk vitarmin A ¢concentration is
not a sensitive indicator to predict risk of clinical vitarrin A defidency.

82, Interpretation.  In vitamin A-sufficient populations, average breast milk vitamin A
conceritrations range from 1.75-2.45 umolA, whereas in a vitamnin A-deficient population, average
values are below 1.4 umoll® A cut-off of <105 umal/, or =8 ug/g milk fat, is selected based on
considerations of the dietary vitamin A requirernent of infants and its usefuiness in monitoring changes
in the vitamin A status of mothers.

83. For an infant who is exclusively, or alrmost exclusively, breast-fed frorn 0-6 months of age, and
partially breast-fed from 6-12 months of age, a milk concentration of at least 1.05 pmol/ provides
enough vitarmin A to meet metabolic needs but allows for litle or no liver storage of vitamin A, This
cut-off point thus represents the minimum concentration required to prevent subclinical deficiency
in the first & months of life.” These theoretical calculations are supported by the observation that
among a popufation of mothers in Central Java, Indonesia, the prevalence of breast milk vitamin A
concentrations below 1.05 umol/ was practically identical to the prevalence of positive RDR tests (an
indiication of inadequate vitamin A stores) among infants at é rmonths of age.”” Additional confirmation
of this cut-off for breast milk adequacy with vitarnin A status indicators in needed in other populations.

Table 10

Prevalence of breast-mitk values < 1.05 prmol/ (<8 wpg/fe milk fat) in a poputation
of lactating women and minimun sample sizes for identifying
a VAD public health problern

Level of importance as a publichealth .| :  Prevalence Miriemum Sample
problem RS A Sizet
209% 5096
Mild < 10% — —
Maoderate 2|0 - <25% 865 139
Severe 225% 289 47

* Minimum sample size for anticipated prevalence with relative precision of 20% and S0% at the 95% cenfidence favel.
See annax 4,

®(a) The quantity and quality of breast mik. World Health Organization, Geneva, 1985,
(b) Newman V. Vitamin A and breastieeding: & comparison of data fom developed and developmg countrias.
Wellstart International, San Diego, CA, 1992,

 Underwood BA, Matermal vitamin A status and its importance in infancy and early childhood. American journal of
Clirical Nutrition, 1994, 59 (supply: 5175-245,
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84. Other surveillance wses, The prevalence of breast mifk vitamin A concentrations below 1,05
1o/ is a sensitive measure of change in vitamin A status following a related intervention. This has
been reported in evaluating high-dose supplementation of wormen in the postparturn period”” and
in evaluating sugar® and monoscdium glutamate (MSGY vitamin A fortification interventions.
Surveillance of breast milk vitamin A concentration is thus a useful tool for identifying high-risk
areas/populations, evaluating vitamin A interventions, and monitoring changes in the vitamin A status
of communities,

Relative dose response tests (RDR and MRDR)

85 Bidlogical features. Even if the synthesis of retinol binding protein (apo-RBP) in the liver is not
controlled by vitamin A status, its release still depends on the availability of vitamin A from dietary
sources or endogenous body stores, Therefore, at times of reduced availability of retinol, e.g. during
periods of fasting or depletion of body stores, apo-RBP accurmulates in the liver. Although retinol (R)
is the preferred ligand for apo-RBP, 3,4-didehydroretinol (variably referred to as dehydroretingl,
vitamin A, or DR} is a suitable sigral for RBP release. R or DR binds to apo-RBP in the liver and the
hole-RBP cormplex is released. Holo-RBP circulates in the plasma bound to another carrier protein,
transthyretin, After a suitable oral dose, R or DR should appear in the plasma in significant amounts
above baseline levels only when endogenous liver retinol concentrations are inadequate. Current
data suggest that this occurs when lver reserves of vitamin A are below 0,07 wmol/g. DR is a naturally
occurring form of vitamin A that is found predominantly in fresh-water fish, but also to a small extent
in rmarnmalian, including hurman, tissues. DR has approximately 40% of the biological activity of
reting!.

86,  Acceptability. Blood-taking has to be culturally acceptable to the populations whose vitamin
A status is to be assessed. Suitable specimens may be obtained by finger prick or venepuncture.
Because two samples are required with a 5-hour interval for the RDR, acceptability of blood-taking
is generally lower than for the MRDR, which requires but a single specimen after a similar post-dosing
wait interval, For the MRDR, however, the dose can be administered at home, thereby requiring
the subject 10 come only once for blood collection 4-6 hours later,

87.  Tedchnical feasibility: RDR.™ After obtaining a fasting blood sample, a dose of 450-1000 g
retinyl (R) ester (palmitate or acetate) in an oily solution is given either by direct administration from
a calibrated dispenser onto the tongue or absorbed on a suitable food vehicle such as a cracker or
piece of bread. Following the dose a simple breakfast is given which should contain some fat to aid
absorption, but little vitarmin A, Water-miscible preparations dissolved in fruit juice can also be used.
Five hours after dosing, a second blood sample is obtained.  Retinol in the fasting pre-dosing (A,) and

U Arroyave, G Vitamin A deficiency contral in Central America. In: Witamin A Deficiency and fts Control, C
Bauernfeind, ed. Academic Press, Inc., N, 1286,

" Muhilal, MA et al. MSG and vitamin A status: a controlied field trial. American fournal of Clinical Nutrition, (988,
48:1265-70.

= Underwoaod, BA. Methods for assessment of vitamin A status. Jfowrnal of Nutrition, 1990, 120:1459-63,
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post-dosing (A,) samples is determined by a suitable analytical technique that can include
spectrophotometry, lucrimetry or HPLC,

88.  The RDRis calculated as a percentage in the following manner:

ROR =  Acfyx 100

As

89.  Because UV specrrophotometry and flucrimetry determine total serum vitamin A, when these
analytical techniques are used, the dose given should be about 450 ug (not less) for children and
about 600 g for adults. If a higher dose is used it is possible that newly absorbed esters will remain
in the circuiation after 5 hours, and a high vitamin A value could either be due to a low liver store of
vitamin A (retinol released from the liver after binding to apo-RBF), or to retinyt esters which are still
circulating in the blood. On the other hand, retiny! esters can be distinguished from retinol when
analyzed by HPLC. itis the retinel level which should be measured, and feeding the higher dose
level, i.e. 600- 1000 g, assures that absorption problerms, e.g. those resulting from heavy enteric
parasite {oad, are overcome. Within these limitations, the exact amount fed is not ¢riticat because the
HPLC technique specifically measures the amourt of the absorbed vitamin that passes through the
liver, i.e. holo-RBP,

90.  There are constraints in the use of the ROR as an indicator in field surveys. Because two
blood samples are necessary within a 5-hour interval there may be compliance problems in obtaining
the second sample from young children, and logistical problerms in caring for them during the interval
without disrupting survey activities, An effective procedure consists of offering a simple breakfast after
obtaining the specimen, proceeding with a physical exarnination during the interval, and providing
opportunities for health education (e.g. by games, drameas, puppet shows, cooking demonstrations,
videos, et¢.) and immediate feedback to the mcther,

9],  Technical feasibility: MRDR* The MRDR assay involves giving children a single oral dose (100
ug/kg body weight, or 2 1.5 mg standard dose) of 3,4-didehydroretinyl acetate dissclved in an o,
and taking a single venous blood sample 4-6 hours later. A standard dose of 2.5 mg has been used
in adult studies. After the serum is extracted with ethanol/hexane, R and DR in an aliquot are
measured by HPLC. The monitoring wavelength of the detector is set at 350 nm, which optirmizes
the measurement of DR, Standards of both R and DR of known concentration are used to calbrate
the HPLC systern. A molar ratio of DR to R can thereby be calculated:

MRDR = Serum DR concentration
Serum R concentration

92, The amount of serurn needed for analysis depends on several factors.  Firstly, the limits of
detection on the HPLC systern must be determined. The typical range of DR concentrations found

 Furr, HC, Tanumihardjo, 5.4, and Olsen, | A, Traiing manual for assessing vitamin A status by use of the modified
refative dose response and the relative dose respanse assays. Department of Biochemistry and Biophysics, lowa State
University, Armes, lowa, 1992.
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in serum from the MRDR test is | to 30 ng/ml. Typically, 0.5 to 2 rmi blood samples are obtained
under field conditions from children -6 years of age. A serum aliquot of 0.15 to 0.5 mi is usualiy
satisfactory for detecting DR, Thus, sufficient blood should be collected to perform the analysis on
dupiicate sarnples. By employing the ratio of DR/R in a single serum sample, the variability of storage
effects on vitamin A stability and of sample extraction efficiency are minimized. Another advantage
I5 that prolenged waiting at the site can be avoided by giving children the dose in the morming at
nome and bringing them to the dlinic or the survey site 4-6 hours later for sampling.

73.  Aswith the RDR, there are some limitations in applying the MRDR procedure, Free DR is
not stable once extracted from serum, and must therefore be carefully protected from light and
analysed immediately by HPLC. Currently an important constraint is that DR is not available
cormmercially and must either be synthesized™ or isolated directly from fresh-water fish-liver oils.

94, Costs, The RDR can be done using any of the procedures for serum retinol analysis discussed
carlier but MRDR requires HPLC instrumentation for the analysis to detect DR in the serum. Thus
Costs for instrurmentation are those already discussed for serum retinol determinations in paragraphs
61-64. The cost for obtain DR from the current single supplier is about US$2 000 for 0,5 g and
(JS$3 000 for | g

95 Interpretation: RDR. A response 220% is indicative of inadequate fiver reserves (about
<0.07 umelfg liver). Therefore, if the RDR value is 220%, the child is almost certainly vitamin A
deficent, However, the relationship between the RDR and liver stores is not necessarily linear above
or below the critical level, i.e.»20%. Among children with adequate vitamin A status, negative RDR
values sometimes occur, To determine if a particular community is at risk, deficiency status can be
assessed in a randormly sampled sub-population of the total population of preschocl children for which
serurn-distribution curves are also randomly obtained. This helps t© overcome problems associated
with interpretation of serum-distribution curves in the range of about 0.52-1.05 umol/ as a reflection
of vitarnin A status.® Thus, only a statistically adequate, representative number of children need be
studied to make suitable public health judgements about a population's vitamin A status.” A public
health problem of moderate or severe importance might be assurmed to exist if 220% of a population
of preschoel children show abnormal RDR (2209%) values.

" Tanumihardje $A, Barua AB, Olson JA, Use of 3,4-didebydroretingl to assess vitamin A status in rats. /nternational
Journal of Vitaris Nutrition Research, 1987, §7:127-32.

"Avallzble from Retinoid Services, lowa State University, Ames, lowa, USA following several months advanced
netice to Dr Sherry Tanumihardjo (Tel: 515-294.2646; Fax; 515-294-4141; e-mail: sherry@iastate edu),

“(a) Flores H, etal. Assessmant of marginal vtamin A geficiency in Brazilian children using the relative dose
responss procedure. American journal Chinical Nutrition, 1984, 40:1281.9;
(b} Wahed MA, et al. Comparison of the modified relative dose response (MRDR) and the relative dose
response (RDR) in the assessment of vitamn A status in malnourished children, American journal of Clinical
Nutrition, 1995, 61:1253-6,

Y@) Report on the prevalence of madequate witamin A nutriture in preschool children of North and Northeast
Thailand, Nutrition Division, Dept, of Health, Ministry of Publich Health and Institute of Nutrition, Mahidel
University, Bangkok, Thailand. 1991

(b) Suttanate of Oman, Ministry of Health, National Study on the prevalence of vitamin A deficiency (VAD) - Omar.
Cammunity Health and Disease Surveifance Newslefter, Vol. IV, No, | ,Jan-Mar, 1995,
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%6, Vitamin A supplements should be given to populations or clusters of children wheres a severe
problem is detected by a high prevalence (=3096) of positive RDR values, and considered where
prevalence is moderstely severe (220-<309%). When a suitable vitamin A-rich local food, or vitamin
A-fortfied food product, is available, consistent consumption will also reduce the prevalence of
positive RDRs® A focod approach should be encouraged wherever feasible as a sustainable
intervention for replacing supplerments within a specified period.

97. Interpretation: MRDR. The ratio DR/R has been evaluated in a variety of population groups
whose vitamin A status ranged from normal to abnormal, and its reproducibility evaluated
Experience to date suggests that a moderate public health problem exists when 220 - <30% of 3
general population has ratios =0.06, and a severs problem when =30% of a population's praschool
children are classified as deficient,

98,  Table {1 summarizes the prevalence for determining if an important public health problem
exists using either the RDR (cut-off for deficiency = »209%) or MRDR (cut-off for deficiency is DR/R
ratio = 20.06).

Table 11

Prevalence of a positive RDR or MRDR and minimum sample sizes
for identifying a VAD public health problem

Level of importance as a public Prevalence Prevalence Minirmurm Sarmpile
health problem RDR(220%) | MRDR(=0.06) Size”
' L . 209%  50%
Mild <20% <20% — —
Moderate 220 - «<30% 220 - <30% 385 62
Severe »30% 230% 225 36

* Minimum sample size for anticipated prevalence with relative precision of 209 and 50% at the F5% confidence levef
See annex 4.

* Mariath |, Lima M, Santos L. Vitamin A activity of Buriti {Mawritiz vinifera Mart) and its effectiveness in the treatment
and prevention of xerophthalmia, Amerrcan Journal of Chical Nutrition, 1989, 45:849-53,

*a) Tanumihardio SA, Koeliner PG, Olsor |A. The modified relative-dose-response assay as an indicator of

vitarnin A status in a population of well-nourished American children. American fournal of Clinical Nutrition,
1990, 52:10564.7;

(by Tanumihardje 5A, et al. Vitamin A status in preschool-age Indoneasian chiidren as assessed by the maodified
relative-dose-response assay. Amerrcan Journal of Clinical Nutriton, 1990, 52:1068-72;

(€}  Tanumihardjo SA, Olson JA. The reproducibility of the modified relative dose response (MRDR) assay in
healthy indiviguals over time and its comparison with conjunctival impression cytalogy (CIC). Eurapean journal
af Chrical Nutrition, 1991, 45:407.0 1.

{d) Tarumihardjo 5A, et al. Vitamin A status of Indonesian children infected with Ascars lumbricoldes after dosing
with vitarmin A supplements and albendarole. American journal of Clinical Nutrition, 1996;126:451.7.
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Serum 30-day dose response test (+530DR)®

99.  Biological features. The basic principles behind the +S530DR are similar on a population basis
to that of the RDR and MRDR. Thus a population with a significant number of vitamin A-deficient
individuals at baseline as measured by the distribution curve of serum levels will respond to
impravement in vitarmin A status in the population by a shift in the left portion of the distribution curve,
which is demonstrable about 30-45 days {or longer depending on the type of programme) following
the implementation of a vitarmin A intervention programme. The approach has been applied most
often to evaluate mega-dose supplernentation programmes. The assurnption is that, on a population
basis, a significant number of individuals have vitamin A levels below what their homeostatic level
would be if their vitamin A status were adequate. This indicator is most appropriate in monitoring
the effectiveness of intervention programmes for improving vitarmin A status in a specified recipient
population or gecgraphic area.

100, Acceptability. The acceptability of the procedure is dependent on the willingness of a
population to provide blood samples. Because the procedure involves cbtaining two blood samples
from the sarne child about 30 days apart, it is more likely to be acceptable than obtaining blood twice
from the sarne subject within about S hours, as required for the RDR. On the other hand, unlike the
RDR or MRDR, both of which can be evaluated at the individual level, the +530DR can be
imerpretad only at the population level,

101, Technical feasibility. The procedure is to obtain a fasting blood sample before, and 30-45
days after, introduction of a vitamin A interventicn programme, such as providing mega-dose
(200 000 Uy vitamin A supplerments to a selected population, usually preschool-aged children. Blood
sarnples are obtained from a randomiy selected population at baseline, and repeated on the same
population at 30-45 days post-deosing. A laboratory that is equipped to do vitamin A determination
by any standard procedure providing refiable results is required. Colorimetry is not recommended.

102, Interpretation. Experience in using this procedure to evaluate the effectiveness of a
community-based, periodic universal distribution of mega-doses of vitarmnin A in Northeast Brazil
dernonstrated a shift in the left portion of the population distribution curve in response to successive
distribution rounds.” Movernert of the curve stabilized following the third distribution round. When
this approach was validated against the RDR applied in a population sub-sample at the beginning of
the programme, a sensitivity of 889 and a specificity of 709% were found.

103, The +S30DR is calculated as follows: T,.-.T, x 100
T

“ Flores H, et &, Frequency distributions of serum vitamin A levels in cross-sectional surveys and in surveys before
and after vitamin A supplementation. In: Underwood BA & Olson |A (eds), A brief guide to current methods of
assessing vitamin A status, A report of the International Vitamin A Consultative Group (IVACG), The Nutrition
Foundation, Washington, D.C., 1993,

* Flores H, et al,  Serum vitamin A distribution curve for children aged 2-6 y known to have adequate vitarmin A
status: a reference population, American fournal of Clinical Nutriton, 1991, 54:707-11.
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where T, is the serum vitarmin A value 30-45 days after an intervention, and Ty is the baseline level
before the intervention. A cut-off of 220% is used to identify a deficient individual at baseline. The
prevelance of positive +530DR to identify a public health problern i given in Table 12,

Table 12

Prevalence of positive +S30DR value in children |-6 years of age
and minimum sample sizes for identifying a VAD public health problem

Level of importance as. ‘public beatth - | 1 Prevalence : _:1; Mlnlmun Sarmple Size"
problem . o ol 0% . 50%
Mild <209 — —
Moderate »20 - <30% 385 62
Severe >30% 225 36

! Minimum sample size for anticipated prevalence with refative predision of 20% and 50% at the 25% confidence level.
See annex 4.

104, The procedure identifies communities responsive to improvernent in vitamin A status, which
are those where vitamin A interventions are expected to provide effective heaith benefits. This
approach is thus espedially useful for monitoring change in status in an area in response 1o a
programme. Because there is no need to retain children for 5 hours as with the RDR or MRDR tests,
it is ogistically simpter under field conditions,

3.2.3 Histological indicator

Impression cytology

105, Biclogical features. Vitamin A deficiency generally means that the integrity of epithelial cells
is cormpromised. The presence of vitamin A allows stern cells to transform to mudin-secreting cells
(goblet cells) while maintaining the columnar epithelial cells, By examining the morphology of
epithelial cells obtained from the conjunctival surface on a piece of filker-paper, it is possible to assess
whether changes have occurred that are associated with vitarnin A deficency. A normal impression
of conjunctival cells will reveal sheets of smalt epithelfal cells and an abundance of mucin-secreting
goblet cells. In vitarnin A deficiency, the epithelial cells are flattened and enlarged, and there is a
marked reduction or absence of goblet cells.”

106.  Acceptability. Impression cytology generally has been well accepted in the field among
children above 3 years of age. in some cultures, investigators have successfully obtained specimens

* Natadisastra G, et al. mpression cytology for detection of vitamin A deficiency. Archives of Ophthaimelogy,
1989, 105:1224-8.
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even ininfants. Acceptance is improved if the procedure is explained and demonstrated before hand,
and the subject is reassured that there will be no negative consequence associated with obtaining a
specimen. When specimens are taken by hand, by applying a strip of firer-paper to the temporal
portion of the bulbar conjunctiva, there is a high rate of compliance,® A disk applicator has been
used which allows better targeting of specimen location, is quicker, and generally provides a better
quality specimen that, in turn, corresponds more dosely to serum retinol levels.” However, in some
cuitures the disk applicator has been well accepted, while in others it has caused concern among both
subjects and mothers. The disk applicator may be more widely accepted in clinics, while the
hand-held strip is more exportable into homes and, in gereral, appears less invasive.

107, Technical feasibility. Sarmples are obtained by applying a small strip of filter-paper of standard
pore size to the lower ternporal surface of the conjunctiva of one eye, followed by a separate strip
applied 1o the other eye. This can be done by hand-touch or disk applicator contact of filter-paper
with the conjunctiva. Practical experience is critical to obtaining good specimens by either technigue.
There is then a choice of two procedures for handling specimens.

108, ICT.* For impression cytology with transfer (JCT) the sarnpie of cells adhering to the filter-
paper is immediately transferred to a clean microscope slide and immersed for 20 minutes in a single
staining solution that contains ethanol as a fixative, The slide is rinsed, allowed to dry, and stored
without further processing until evaluated. Staining can be performed easily in the field as it requires
exposure to a single staining solution only and there are no special storage requirernents. However,
clean slides and good practice are crudal to obtaining a good transfer from the filter-paper to the slide.
There is no limit to the number of slides that can be processed daily by ICT. Practicaly speaking, 10-
|2 slides can be stained at once in a container. The stain for the 'CT is inexpensive, readily available

and quite stable. ICT samples are minimally affected by exposure from atmospheric meisture during
storage and can be retained indefinitely without mounting.

109, CIC.* For conjunctival Impression cytology (CIC) cells retained on filter paper are stored in
a small bottle In a fixative of acetic acid, water and formaldehyde, which can be maintained at room
temperature for months,  There are several steps in the staining process, which are best
accomplished at a base laboratory, After staining cells retained on the filter paper, the paper is
sequentially dried in a series of 959 alcohol then 1009 alcohol baths that totally dehydrate the paper
with the stained cells. The dried paper is made transparent by soaking in xytene, and the transparent

*Kjolhede CL, et al. Conjunctival impression cytology: feasibility of a field trial to detect subclinical vitamin A
deficiency. American journal of Clinical Nutriion, | 989, 49:450-4,

“Keenum DG, et al. Assessmant of vitarnin A status by a disk applicator for conjunctival impression eytology.
Archives of Ophthaimology, 1990, 108:1436-4(,

"{a) Luzeau, R., et al, Impression cytology with transfer: an easy method for detection of vitamin A deficiency.
international fournal of Vitamin Nutrition Research, 1988, 58:166-70;
{b) Carlier C, etal, Conjunctival impression evtology with transfer as a field-applicable indicator of vitamin A status for
mass screening, lnternational fournal of Epidemislogy, 1992, 2 1:373-80,

" Wittpann jR et al. 1CEPO Training manual, Assessment of witamin A status by impression cytology. Dana Center
for Preventive Ophthalmalogy, School of Hygiene and Public Health of The Johns Hopkins University, Baltimaore,
Marvland, L/SA, 1988,

40




strip s mounted using Permount. Care must be taken to avoid moisture during rmounting and storage
because this will render the strip opague and unreadable. Achieving these conditions rmay be difficult
in some environments.  Samples that become opaque can be 'rescued" before mounting by
reimmersion in 100% ethanol. An experienced technician should be able to stain about 100-150
siides per day.

110, Technical requirements. Both CIC and ICT require slides, standard pore size filter- paper,
and a simple light microscope. The difference is that for ICT a single staining solution is involved,
white: CIC requires more reagents and precessing steps for fixing, staining and mounting specimens.
Chemicals for CIC may be difficult to obtain and relatively expensive in sorme countries. On the ather
hand, CIC avolds dificulties that can ocour with 1CT in obtairing an efiicient transfer of cells of high
quality from filter paper 1o slide.

HIT. For standardization in obtaining specimens, at least | 00 to 200 subjects need to be measured
before a field worker is able to obtain highly reliable specimens for both ICT and CIC. Obtaining
good samples is not easy, especially from young children, nor is perfecting the technique of
trarsfierring celis to slhdes without srnearing for purposes of ICT. For either technique, staining shouid
be cione by someone who is well-trained. This is all the more important where the CIC progedure
s concerned since more processing steps are involved.  On the other hand, while specimen
processing for ICT is simpler compared to CIC, the unreadable rate may be higher since the entire
sample of celis is not transferred and available for evaluation.

112, Inerpretation. Interpretation of slides is extremely important, and variability within and across
studies has hindered this technique's widespread use. Standardization exercises, therefore, become
aritcal in evaluating inter- and intra-observer variability. In Thailand, it has been demenstrated that
foliowing 3 days of intensive field-worker training, there was approxirmately 70-90% agreement with
an cxperienced trainer.  Training should be continued until Kappa values above at least 0.8 are
achieved. [tis important to have reference slides or photographs against which unknaown slides can
be cormpared. Possible ways of compensating for the subjective nature of this technique include
having two readers and accepting as definitive only identical interpretations made by both,
Discrepancies should be resclved by examining the slide further until a consensus is reached.

HE3. Cost. For ICT the cost, excluding labour, in Thailand was approximately US$0.15 per
specimen, while for CIC it was approxirmately US$0.25-0.30 per specimen.  Higher cost estimates
for CIC, ranging from US$0.80/person (about 1000-specimen volume) to US$3.00/person (about
[ 00-spedirmen volurme), are reported from the USA. A standard quality light microscope is required
(LJS$2000-3000), athough some improvement in readings may be realized with higher quality
microscopes. The cost of the rricroscope represents the only capital outlay.  There is some
additional cost involved in the training and maintenance (salary) of a microscopist, which is a critical
constraint. These costs can be significant, as the reading of each slide can ke as long as 3-5 minutes,
or 20 slides per hour, and no more than 100 slides per day. There are also maintenarce costs
associated with renewal of the reagents for CIC, sorme of which may become unstable.

H4.  Performance. To assess perforrmance, a standard set of reference slides must be available

for interpretation. For vitamin A there is no indicator that can be used as an unqualified standard to
assess vitamin A status against which CIC or ICT specificity and sensitivity can be evaluated.
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Performance of CIC or ICT against various standards reveal very different interpretations as shown
in Table |3. The variability noted in the table is not surprising because each of the assessment
indicators is measuring a different phenormenon in relation to vitamin A status. Probably the rmost
logical comparison is between impression cytology and Bitot's spots because both indicators reflect
diferent stages of attered cell morphology. The relatively low sensitivity and/or specificity relative to
other non-ocular indicators of vitamin A status highlight the importance of using more than one
indicator to assess subclinical vitamin A status to determine if an important public health problem
exists.

Table 13

Comparison of the sensitivity and specificity of impression
cytology against different indicators of VAD

Wittpenn¥

Matadisastra®
Resnikoff*

Gadormski®

Resnikoff

Gadomski®

" Used ICT
7 UsedCIC

*"Wittpenn |R et al. Detection of early xerophthalmia by impression cytology. Archives of Ophthaimology, 1986,
104:237.9,

* Natadisastra, G et al. Impression cytology for detection of vitamin A deficiency. Archfves of Ophthalmology, 1987,
105:1224-8.

" Rasnikoff S et al. Impression cytology with transfer in xerophthalmia and conjunctival diseases. /nfernational
Ophthaimology, 1992, | 4:1445-51,

% Gadomski AM et &, Conjunctival impression cytology to detact subclinical vitamin A deficiency: comparison of GIC
with biochemical assessments. American fournal of Clinical Nutrition, | 98%, 49:495-500.
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I'N5.  Interpretation. There s no generally accepted reference standard for the classification of
vitamin A status on the basis of impression oytology readings. Currently three interpretation schemes
are in use, one in which specimens are grouped as normal or abnormal based on the number of
goblet cells or density of mucin spots,” and the other two with two additional intermediate gradations
based on the quality of epithelizl tissue. ™ The consultation recommended that an abnormal
ctassification be mads only when both eyes are observed to be abnormal. If a slide is available for
ore eya only, the following recommendation pertains: if the slide is normal, then the child is classified
as nermal; if the slide is abnormal, it should be classified as uninterpretable and the individual
excluded from the denominator for calculating prevalence rates since classification cannat be
confirmed with a second impression,

Pla.,  The presence of mucin spots, which rmay be numerous in ClC specirnens, has been dificult
0 interpret, With a defined training programme by experiencad personnel, specirmen interpretation
skills are saicd to be readily transferable.® Based on general experience where such special training
is not available, the consultation recommended that interpretation of impression cytology specimens
should be based exclusively on the morphology of the epithelial cells, and the presence and number
of goblet celis. The prevaiences suggested 1o identfy a public health problem are shown in Table |4,

17, LUmitations. There is a higher probability of an abnormal reading in populations with a high
inciderce of inflarmmatory ocular diseases like trachoma and conjunctivitis, This technigque cannot be
used alone to determine the prevalence of VAD in such populations, i.e. where the combined rate
of conjunctivitis and trachoma is more than 5% of the population.™

8, The experience of most field staff has been that good quality impressions are dificult to obtain
from children under 24 menths of age. The technique s more easily replicated in children 24-71
mcnths of age anc clder. Interpretation in older children and adults may be less reliable, however,
due to non-responsive Bitot's spots and other changes in the conjunctiva which are not specific 1o
vitarmin A deficiency, e.g. fimbal vernal keratoconjunctivitis. Validation studies are encouraged before
recormnmending Impression Cyielogy for use as an indicator of VAD for other age groups, in particular
schoo! children and pregnant and lactating women.*

* Keenun DG, et al. Inter-reader reproducibility of one hundred conjunctival impression eytclogy (CIC-A) specimens
from MNepal. /nvestizative Ophithalmology & Visual Seiznce, 1992, 33:(abstract 2583},

“? Stoltzfus R, et al. Conjunctival impression cytalogy a5 an indicator of vitarin A status in lactating Indenesian
wormen, American journal of Nutrition, 1593, 58:167-73,
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Table 14

Prevalence of abnormal impression cytology in children 24-7 1 months of age
and minirmurn sample size for identifying a VAD public health problem’

LEVEIfImpertanceas a public S abnormal Mmlumun Samplﬂ Size

o fn creapvprodem T ) o ow sow
Mild <20 ] ]
Maoderate 220 - =40 385 62
Severe =40 {45 24

? These cut-off points are provisional, To establish cut-off points, it is necessary to determine the rate of abnormal CIC or

KT in a healthy poptidation &1 which there is no blochemical evidence of subclinical deficiency, and to compare this with the
rejative rate of sbrormal impressions i pepulations with distinet degreas of VAD, as assessed by serum retinol, ROR or

MRDR.

" Miimum sampie size for anticipated prevalence with relative precision of 20% and 50% at the 25% confidence level,

Sae annex 4.

115, Uses. Given that impression cytology reflects the long-term effects of vitamin A deficiency in
a population, i.e. is stow to respond to change in vitamin A status, it is important to combine this
indicator with an indicator of the acute vitamin A situation. For this purpose, it may be possible to
consider cormpining CIC or ICT with one or more additional other indicator(s) such as serum retingl,

dietary intake, or RDR (MRDR).
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PART V. ECOLOGICAL AND RELATED INDICATORS
ASSOCIATED WITH RISK OF VAD

.

4.1 Purpose and use of indirect indicators associated with VAD

120, Biological indicators, both dinical (xerophthalmia) and biochemical, are widely used to assess
the: prevalence and severity of VAD, and to evaluate the effectiveness of VAD cortrol programmes.
Another scries of indicators of "risk" were discussed at the consultation, which are referred to as
ecological' and related indicators that have been associated with the ‘clustering! of VAD., Ecological
and related indicators help to identify areas/populations where VAD is likely to be prevalent by
focusing on factors that are responsible for, or cortribute 1o, the problem's cccurrence. Assessment
of these risk indicators provides crucial information for planning and  targeting VAD well-suited
interventions, thus increasing the likelihood of prograrmme effectiveness at the community level.
These indirect indicators do not replace biological indicators and cannot be used alone for
determining the vitamin A status of populations, or to define whether a population has a VAD
problem of public health significance. However, a compaosite based on them can be used 1o
corroborate biological criteria to determine if there is 2 public health problem.

121, The objactives for gathering information on indirect indicators are as follows:

* identfying areas/copulations likely to be at high risk for vitamin A deficiency and where
more spedific biclogical investigations are neaded,

*  planning VAD contral programmes where there 5 a2 problem;

¢ monitoring progress of vitarnin A control programrmes within a development framework;

¢ engaging in advocacy to ensure that vitarnin A health is given appropriate consideration
within programimes to improve health, and social and economic development.

122, The ecologicat and related indicators could be callected in the course of any demographic,
socioeconomic or health and nutrition surveillance activity. 'n practice much of the informaticn is
probably already available through existing national survelllange systems.

123 Some relevant ecological and related indicators, which can be measured in survays or
survelllance programmes, include:

¢+  nutritional status information, food availability, food-consumption patterns and levels of
intake among vulnerable groups;

+  illness-related indicators:

¢ scOoeconomic Indicators,




124.  While all these indicators may not be measured in any single survey, a compasite of several
frorn each of the three categories couid be measured, or obtained from existing data, and evaluated.

125.  Relatively little research has been done to evaiuate the relationship between ecolological and
related indirect indicators and VAD. The proposed interpretations given to thern in this section,
therefore, should be viewed as suggestive. They will need modification both in the light of further
field testing, and in consideration of local contexts.

4.2 Nutritional status and diet-related indicators

4.2.1 Breast-feeding patterns

126. A pattern of breast-feeding to 18 months, inclusive of vitammin A-containing complementary
foods from 6 months onwards, is protective against clinicat VAD even beyond the time of cessation
of all breast-milk feeds.s Vitamin A-containing complementary foods, or vitarmin A supplernents, are
needed from about & months of age to maintain adequate body stores, particularly where mothers
thernselves are malnourished.*

127,  Feasibility and performance. Data on breast-feeding patterns are often available in
dermographic and health surveys (DHS), or cther surveys, e.g. related to implernentation of the joint
WHOAINICEF Baby-friendly Hospital Initiative (BFHI).

128, Suggested interpretation. Where maternal ralfutrition is prevalent, there is a risk of VAD

In infarts when: (2) 2 50% are not receiving breast milk at 6 months of age; (b) when <75% of 6-17
month cids do not receive vitamin A-containing corplementary foods at least three times per week.

4.2.2 Anthropometric indicators of PEM

129, Stunting (<-2 Z-scores for ht/age) is a surrogate measure of chronic dietary deprivation and
cther environmental factors that are associated with VAD, Wasting (<-2 Z-scores for wi/nt) is a
measure of inadequate food intake, which is also associated with increased risk of VAD.

! Mahalanabis O. Breast feeding and vitamin A deficlency among chiidren attending diarrhoea treatment centre in
Bargladesh: a case-control study, British Medical Journal, 1991, 303:493-6,

“ (@) Brown KH. Akhtar NA, Raobertson AD, Ahmed MG. Lactational capacity of marginally nourished mothers:
relationships between maternal nutritional status and quantity and proximate composition of mitk, Pediatrics, 1986,
78:90%-19;

{6) Mele L, etal. Mutritional and househeld risk factors for xerophthalmia in Aceh, Indonesia; a case/control study.
American Journal of Nutritton, 1991, 53:1460-5,
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130, Feasibility and performance. Anthropometric data are available from nearly all countries,
WHO has recently estabiished updated age and sex-specific reference criteria for interpreting
arthropometric indices =

131, Suggested interpretation. A prevalence of stunting (ht/age) »30% in children under 5 years,
and wasting (wiht) = 109 in children under 5 years identifies a high-risk area/population for vitarin
A deficiency.®

4.2.3 Prevalence of low birth weight (LBW)

132, Ahigh prevalence of LBW (2.5 kg) reflects maternal undernutrition, It also suggests the
lkelihood that body stores of vitarmin A, limited in alf newborns, are even lower or virtually absent.®
LBW infants are thus at increased risk of VAD nct only at birth but subsequently if they are breast-fed
by mainourisned mothers in areas of endermic VAD.

133.  ‘teasibility and performance. Current data may be difficult to obtain from existing local
demaographic information. WHO has tabulated available global data.s

134, Suggested interpretation. A prevalence of = 15% LBW suggests a high-risk area/population.

4.2.4 Market and household food availability

135, Home and/or market surveys of the availability of vitarmin A-containing foods are useful.® At
the market level 3 list of the impertant vitamin A-containing foods purchased by cormmunities, and a
rough estimate of quantities available by season and their unit costs for the size of the population
served Dy the market can be collected from interviewing vendors. The focus should be on green
leafy and yellow vegetables, yellow fruits, red palm oil where available, and vitarmin A-rich animal
produdts (e.g. animal liver, whole milk and eggs).

136, Surveys at the household leved should first use: focus groups of wornen and elders to generate
a list of impaertant foods available in hornes whether from the market, home production, hunting and
gathering, or sources outside the community. Information collected should include seasonal
availability, usual quantity acquired and prepared for the family, and frequency of use. A random

“ de Onis M, et al. The worldwide magnitude of protein-energy malnutrition: an overview from the WHO Glabal
Diatabase on Child Growth. WHO Bulisting 1993, 71:703-12,

* (ay Wallingford JC, Underwood BA. Vitarnin A deficiency in pregnancy, lactation, and the nursing child, In:
Baurenfeind JC (ed), Witamin A Defliciancy and s Control. Academic Press Inc., pp 101-52, 1986,
{b) Shenai ], et al. Plasrma vitamin A and retinal binding protein in premature and term neonates. fowrnal of
Fediatrics, 1981, 99:307-5,

7 Low birth weight, A tabulation of avallable information. Waorld Health Organization, Geneva, 1997.

#Kuhniein HV, Pelto GH (ads). Community assessment of natural food sources of vitamin A: Guidelines for ethnagraphic
studies (in press), International Nutrition Foundation for Developing Countries (INFDC), Baston, MA, 19%¢.
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selection of households should be visited at different seasons to see if any vitamin A sources, €.g.
dark-green leafy vegetables anel orange-coloured vegetables and fruits, are available and actually eaten
by young children.®

137.  Feasibility and performance. Surveys of market and household foed availability require the
participation of a local assistant guided by a nutritionist. Adequate training of staff as good facilitators
and recorders at focus group discussions is crucial, Facilitators should speak the local language. Urban
areas call for consideration to be given to the specific shopping districts utilized by the sampled
communities.

138, Suggested interpretation. A community is at high risk when vitamin A and carotene-rich foods
become scarce in the market and cost to meet the recommended dietary intake by eating them
nears the cost of obtaining vitamin A from animal sources. A low risk exists when vitamin A-rich foods
are available in the home 2 3-times per week for 275% of howseholds. In addition adequate amounts
of staples and fat/ofl should be consumed. The risk of VAD is greater when consumption of foods
of anirmal origin dees not regularty occur,

4.2.5 Dietary patterns of vulnerable groups

139, General focus group discussions with women and elders in- communities are useful to obtain
information on this risk indicator. Emphasis should be on regular food-use practices during pregnancy
and lactation, complementary feeding of infarts, and post-wearing diets of the young child.
Information is needed on food preparation, frequency of consumption in season, and usual portion

sizes, and should include an estimate of what proportion of the population follows each practice. This
information is most useful when obtained from a community or region that has been stratified by
ethnic group, ecological zone, sodiceconomic status, and specific vulnerable group,

140, Feasibility and performance. Obtaining inforrmation requires the cooperation and good will
of local leaders and skiled focus group facilitators with nutrition experience who are familiar with the
local language and customs. The reliability of the information is highly dependent on local cooperation
and the skill of the focus group leader, including knowledge of the provitamin A-containing foods in
the area.

141, Suggested interpretation. An adequate dietary pattern among vulnerable groups means
consumption of vitarmin A-rich foods three or more times per week together with the use of sufficient
staples, fats and some foods of animal origin in =275% of the population.  At-risk groups include
pregnant and lactating women, infants and children during the period of complernentary feeding, and
fully weaned children through 5 vears of age.

* Tarwotjo |, et al. Dietary practices and xerophthalmia among Indonesian chidren. American fournal of Clinica!
Nutrition, | 982, 35:574-81,
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4.2.6 Semi-quantitative and qualitative measures of food consumption

142, There are methodologies for preparing rapid assessments (qualitative and semi-quantitative)
of food consumption in relfation to vitamin A-containing foods, both on a household basis and for
specific at-risk groups.” The rapid survey procedures obtain a history of the usual frequency of
vitamin A-containing foods consumed in households or by individuals over a defined period, e.g. 2
day, week or month. This is not a survey of actual quantity of individual foods consurmed, but with
frained interviewers, semi-quantitative: estimates can be rmade. The prirmary purpose is to deterrine
whether vitamin A-containing foods are consurned frequently encugh in famifies as a whole, or by at-
risk individuals within farrilies, 1o meet their probable needs, i.e. 1o rank them as being at risk of
inaclequate intake.  Consumption data provide supportive information for viological indicators for
identifying high-risk populations, for forming process indicators of food-based interventions and for
failoring foad-based intervention programmes to the context in which they will be implemented.

143, Limitationss, A recall method gives quick and useful information, but;

¢ itrepresents consurmption patterns over only a lmited time (usually a week or less), it can
be atypical of usual diet (especially in case of iliness or on festive occasions), and it can
rmiss seasonal variations;

+ the data provide only for consumption frequency, unless surveyors are trained to

approach consumption levels semi-quantitatively;

random sarmpling is essential to avoid bias in villages selected and households interviewsd:

if there is a special market in the village on a particuar day, the timing of the visit in

relaton to the market may influence the results;

¢ it does not directly provide information on why certain foods are or are nct given (e.g.
before a certain age),

> »

144, The mother (or other care-giver) of each child of the age range chosen in the randomly
selected households should be interviewed in the horme or in a neutral public place, and not in 2
hezith facility or by a regular health worker since this would likely produce biased znswers. The
interviewer should be fluent in the language of the person being interviewed and queastions should
be asked in the vernacular, Care must be taken to avoid asking leading questions or prompting
replies,

145, Feasibility and performance. The information should be obtained from populations that have
been sufficently sampled by ethnic group, sedoeconomic status and ecological zone 10 ensure
representation of all at-risk groups. Local interviewers, trained and moenitored by a nutritionist, are
crucial. Performance as an indirect indicator of VAD is dependent on the skills of interviewers and
the avallability of reasonably complete regional food-compaosition data. It is not necessary to know
every detall, however, e.g. the caretenoid content of individual dark-green leafy vegetables.

"(a) Underwood BA, et al. Guidelings for the development of a simplifed distary assessment te identiy graups at
risk for fnadequate intake of witarmin A IVACGALS! Nutrition Foundations, Washington 0.C., 198%;
{n) Rosen, DS Conducting a qualitative assessrment of vitamin A defficiency. A fisld guide for program managers.
Helen Keller International Vitamin A Techrical Assistance Program, New York, 1992,
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|46, Suggested interpretation. The approach measures in a qualitative or semi-quantitative
manner actuzl frequency of vitamin A-containing food intake by vulnerable groups (as opposed to
food availability and usual behaviour). The data are useful for population assessment but not for
identifying the needs of the individual. The data are amalysed by food groups according to the age of
the child. This can be quickly done manually using the master table appropriately adapted to the
particular survey shown in Annex 2. From this table the frequency of consumption of each category
of food, and by each age and physiclogical group, can be calculated. When foods with high vitamin
A content are consumed <3 times weekly in 275% of the vuinerable groups, there is a high risk of
inadequate vitamin A status.

4.2.7 Beliefs and attitudes concerning food

147, Information abows beliefs and attitudes related to food is best obtained by using ethnographic
techniques such as focus-group discussions with wormen and elders in the communities surveyed, key
informant interviews or observations.®™!  Focus groups should be stratified by ethnic group,
socioeconomic status and ecological zone, and should include separate sessions for each vuinerable
group (i.e. pregnant and lactating wormen, and mothers of infants and preschool children), depending
on the quantity of information and discussion time needed. Focus-group discussion should include
beliefs about and attitudes towards vitamin A-rich foods and their relationship to health in general, as
well as for eye heath specifically. It should seek ideas from the community about how best to
improve availability and use of vitamin A-rich foods and foods containing auxiliary nutrients.  This
approach is dependent on interast and support from local leaders and the skill of focus-group
facilitators,

148.  Sugeested interpretation. This information will greatly assist in developing dietary imervention
programmes.” It is essential for developing appropriate materials for education and social marketing
prograrnmes o change food consumption patterns. Quantitative evaluation of this type of information
is difficuit and should enly be done within specific ethnic, sex or age groups who hold common beiiefs.

4.3 lliness-related indicators

149. A general picture of the prevalence ameng the preschool-aged population of the main
relevant iilnesses (PEM, measles, diarrhoeal and respiratory diseases); immunization status, especially
againt measles; and anthropornetric status is usually available from demographic survey reports that
are ofien obtained from government offices. In their absence, some information can be obtained by
adding simple questions to a dietary questionnaire, for example as shown in Annex 3. However, it
iy be difficutt to establish a child's immunization status outside a health facility (e.g. if a chiid has had
measles vacgination) uniess the mother holds the chilcls growth chart or immunization card on which
such information is recorded.

" Cufture, environment and food to prevent vitamin A deficiency. Kunnlein, HY and Pelto, GH (eds), (in press),
International Nutrition Feundation for Developing ountries (INFDO), Bostan, MA, 1996,
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