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Background 

1 .  The global m m e m m  for eliminating prevt3dle debilitation, misery and death resulting 

e A deficiency o) has signifidy increased in the last decade. Heads of state, 
other r e p ~ s e d v ~ f s  of countries aaending The World Summit for Children (New 

York, 1 990), the Policy Conference on Ending Hidden Hunger (Montreal, 199 l ) ,  and the Immational 
Conference on Nutrition (Rome, 1992) all pledged to virtually eliminate in A deficiency and all 
its consequences, including blindness.' Global, regional and national plans are required to achieve 
this goal by the year 2000. 

2. Vrtamin A, in addition to the essedaf role it plays for vision and eye he*, is now 
recognized as a critical factor in child health and survival. Traditionally, clinical signs and symptoms of 
xerophthamia, sometimes supported by evidence of very deficient blood values and dietary intakes 
of the vitamin, have been used to i d e m  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 clinically deficient, but whose vitamin A body stores are depleted. Although 
there are several biological indicators for i dewng  subclinical (sometimes referred to as marginal) 
deficiency, none that is usable under usual field survey conditions is both adequately sensitive and 
specific to be wed by itself. 

3. There is thus an urgent need to provide guidelines for the selection, and appropriate use 
and interpretation, of practical indicators to idenbfy areas where VAD is likely to occur, to assess 
vitamin A status in the areas/populdons, and to monitor and evaluate programmes designed to 
eliminate the @em as a public health concern. The indicaton selected should be fitasible in terms 
of their cultural acce@ilrty, their obtainabitr?, under field conditions, and their measurabilrty at 
reasonable cost. In addition, the indicators should act with sufficient sensrttvrty and specifiaty to assess 
reliably the magnitude and seventy of the problem. 

4, The strengths and limbtions of available biological indicaton need to be examined to 
provide guidance for their selection and use under dierent condhow and for different purpose. Cut- 
off points and predence of deficierh: values to ideFltify deficient populations are required to establish 
h e n  a pubtic health problem exists and at what level of concern, i.e. mild, moderate and severe. 

to elimimte iodine defruev and to reduce su 



5. Frequentfy, resources are limited for using biological indicators to assess v h i n  A status. 
In such situations, there is need for guidance in selecting, using and iWrp&ng non-specific indicaton 
to identtfjr high-risk populations for targeting interventions. 

6. When a decision to intewene 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 yiew of these needs, a technical consultation was convened (Geneva, 9- 1 I November 
1992) with the following objectives and scope: 

To i&nw appropriate indicators and establish cut-off points for assessing subclinical vitamin 
A deficiency in populations; 

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

To discuss, according to age andlor sex, which groups are most appropriate for assessment 
using dierent indicators; 

To consider the characteristics of the indicators and their usefulness given dierent surveillance 
objectives. 

Scope 

8. Indicators that define clinical vitamin A deficiency, i.e. signs of xerophthalmia reinforced, 
when available, by evidence of very deficient blood levels of vitamin A (~0.35 pmolh) and their 
prevalence to determine a public health problem were not changed from those agreed upon in WHO 
Technical Report Series 672, 1982." Atthough these indicators were not reviewed in detail as a part 
of this consuttation, they are included in this report for the sake of completeness. In view of recent 
evidence associating mobid* and mortali with VAD, and the well-recognized "clusterin$ of VAD, 
any xeropMhalmia in an area warrants careful consideration as an important public heatth problem. 
Decreased mohidity and mortaiity can be expected by using any combination of intewentions to 

in A status3 in such populations4. 

2 Control o f v h i n  A deficiency and xerophth$mia Report of a joint WONNICEFNSAIDfHelen kller 
IrctemationalPVACG ng, 1982, Technical Report Series 672, Wodd k& Organia6on, Geneva, 1982. 

SubcOmmittcfe on Nubition. Controlling vi(o+rin A defciency. A report based on 
Group Met ing on Smteges for the Control of Vmin  A Bf i c i eq ,  28-30 July l 993, N 
State-of-the Art Series, N Pdicy Dixssion Paper No. 14, January 1994, 

Beaton et al. Effi3ctivenes ofvl;tanin A supplementotion in the control ofyoung &iM morbidis, crtd mortdi4, in 
developing coun~t?s. ACCECN SQe-of-*-& Series, Muhitjon Policy Discussion Paper No, 13, b e m k r  1993. 



9. Suklinid VAD, which was the subject ofthe consultation, is defined as: 

in A low enough to have adverse health comequewes, 
even if there is no evidence of dinid xeropmdmia, 

In the light of recent finding, the comubtion agreed that the term deficienq includes clinical as wit 
as subcfinid VAD (severe, modeMe and mild degrees), all levels of which are likety to 
affect health, In S ons where deficiency d e n  only to the presence of dinid signs, thr! consu 
recommeded that the term clinical deficiev or xerophthdmia should be used. 

10. The specific biological indicators of VPEl considered were: 

Functional indimor: night blindness. 

Biochemical indiaton: serum retinol; breast-milk vitamin A; serum &no1 binding 
preein; and the various dose response mesureme&: re1 dose response (RDR), 
modified relative dose respom (MmR), and the serum 304ay response (+ S30DR). 

Histological inrfiators: conjundval impression cytology (CIC); impression 
cytology witt.l transfer (ICT), 

I I. A composite of non-specific but supportive ecologic and demographic indicators was also 
suggested that can be useful in mapping or locating where VAD weaslpopulations are likety to be 
found. These indicators included: 

Nutritional status and diet: breast-feeding patterns; anthropomrrtric indicators of PEN; 
prevalence of low birth weight; market and household food availabil%r).; dietary patterns 
of vulnerable groups; semiquantitatjve and qualitative indicators of food consumption 
levels; beliefs and attitudes concerning foods. 

Illness and disease patterns: immunizdon coverage .Mes; measles CFR; disease 
prevalence rates. 

Socioeconomic variables: maternal education and literacy; income and employment; 
vvater supply and sanitation; access to health and social services; access to land; and 
agricubd services and inputs. 

Global dlistribWeon of VAD 

12. WHO recentiy updated its information on the global prevafem of VAD and e d l i s M  
a databank as part of the Micronutrient Deftcienq Infom&an System (MDIS), vvt-iich also covers 
iodine and iron deficiencies. Based on the defin%tion of VAD agreed upon in this consuMon, and 
using the MDIS in comuMwr with W O  regionai offices, countries vvith VAD are listed in h m x  I 
based on the best current estima;te of the level of the problem's public h e m  i m p  
categories severe, moderate or mild sulxlinicaf deficiency we based, respd*ty, cm bihemical 



evidence and reports of sporadic occurrences of xerophthalmia, andfor 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. W0 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 global situation will be updated periodicalty based on data made available to the MDIS. 
WHO appreciates receiving new data from countries, through its regional offices or directly to 
headquarters in Geneva, for incorpodng into the MDIS database. 

14. All global and country-specific information on which the prevalence of clinical and 
subclinical VAD is based is found in the MDIS Working paper #F published in 1995 and available 
from the WHO Nutrition Unit. WHO estimates that around 1995 neatly 3 million children 0-5 years 
of age are annually affected by xerophthalmia, and that an additional 25 1 million are severely or 
moderately subclinically deficient. 

f he Globd Prevdence of Vitanin A Defikncy. MDIS Working paper #2, WiJOINLrf195.3, W d  Health 
Oqmidm, Geneva, 1995. 



15. Sumi l lm is the and continual oversight of a situation or population6 and may be 
undertaken for a number of reasm. Sunteillw~e of V:AD may be done to assess the magnilude, 
seventy and disbibutim of the problem; to identify and rke hi&-risk mas~pulations where 
control programmes are needed; to track progress towards attainment of long-range goals; andlor 
to monitor progress and evaluate impact of con&al prqmmes. Indicators are derived from 
idormaton that characterizes a situation or population; their careful selection a d  evaluation are thus 
critical to accurate sumillance. The purpose of VAD surveiltance determine indicators vvhich are 
appropriate and the limits to interpretjng data kcause the vitamin A of populations GUI worsen 
as a resutt of prolonged adverse climatic conditions and sign%& economic &/or political changes, 
it is important that these hctors be included as a part of sumitlance systems. Indi&r selection should 
be governed not only by technical and financial feasibility, but also be consistent with a given 
demographic and cultural context. 

16. This section summarizes key purposes for VAD surveillance and indicators for this purpose 
recommended by the consultation, their cut-off points to define defiaency, and suggested prevalences 
of defiaency indicating a given level of public health concern. Later sections provide additional detailed 
information for considedon in selecting an indicator, including biological features, acceptability, 
technical feasibility and relative costs. For convenience, the biological indicators (clinical and 
subclinical), ecological indicators, core indicators for measuring progress toward elimination of VAD, 
and examples of process indicators for evaluating intervention programmes are provided in Tables l - 
5. 

Assessing VAD prevalence 

17. A fundarned aim of VAD surveillance is to determine VAD's magnitude, seventy and 
distributjon. This is usually accompliskd through sumys, which help to identrfj. high-risk popuiatiom 
for targeting intententions while providing a baselin ring change in 
time. The data m also useful for h@li@ng the S VaD problems and stimulating action. 
Both clinid and subclinical biological indiaton nutritional status are required for this 
purpose. 

(a) Methodobgy of Nuaitiond Surveillolce, Technid Report Series 593. W d d  H& OF&&, Geneva, 
t 976; 

(b) Mason J, et d. Nutrihnd Surveibce, Wodd He* O m ~ o n ,  G e m ,  1984. 



1 8. Biological indicators of W t n  A status, cu t4  levels that define defiuency, and minimum 
prevalence levels that define a public he* problem are presented in Tables I and 2. In Table I onEy 
criteria for comeal disease (come4 xerosis, ulceration, kerdtomalacia and scws) directly document 
blinding, or immediatc3b blinding, ocular disease. 

Table 1 

I ndicaton of clinical vitamin A deficiency-xerophthalmia- 
in children 6-7 1 months of age 

(Prevalence of any one or more indicators signifies a public health problem)hb 

" Night blindness 0 is a symptom included in the clcssificdon of xero phthdmia together with the 
other dinicd eye signs. The consultabon reMrmed thut a prevdence of night blindness > 1.056 in 
chijdren 24-7 1 months of cge indiccltes a public he& problem. In additibn, a serum kvel of vibmin 
A (retin00 is ofbstn used with the clinicd dassificdo n to provide supportive evidence of crn impo mt 
pro bkm. A prevdence of >5% of serum levels (0.35 is strong corro bo rdve evidence of 
my clinicd criteria met to iden* cn urgent public hedth problem. 

* The consulm'on did not review prevdence r&s fbr xerophthdmia that indicate a public hedd-r 
problem. Clinid signs md symptoms undo ubtedb provide a gross underestimdo n of the benefiud 
e@a tfiaavitanin A intrtrvention might hwe on apopulaon. Indeed, in view of recent findine tom 
mortd* md morbidi'ty trids, any xerophthdmio in a populdon is worthy of crare(irl review given its 
potentid public hed'th importatce. 

c L& of a himry of trarmdc eye ir?/ury or use of topicd @&and mediu'nes inuecrse the speddty 
of this VAD indicator. 



Table 2 

Biological indicaton of subclinical v in A deficiency 
in children 6-7 1 months of age 

There is a public health problem (the level of public health i m p  is indicated by the premtences 
noted in the table) when: 

the pevalence in a population of at least two of the above biologid indiaton 
of vitamin A a k r s  is below the cut-0% 



or when 
one biological indicator of deficiency is supported by at least four (two of which 
are nutrition and diet-related as in Table 4) of a composite of demographic and 
ecological risk kcton such as: 

- IMR >75/1000 live births; under-5 year MR > 100/1000 live bitths; 
- full immunization coverage or, particulady measles immunia~on 

coverage, in <SO% of children at 12-23 months or age; 
- (50% prevalence of breast-feeding in 6-month-old infants; 
- median dietary intake 4 0 %  of recommended safe level of intake 

among 75% of children 1-6 years of age; 
- two-week period prevalence of diarrhoea 220%; 
- measles CFR rate r 1 %; 
- no formal schooling for 250% of women 1 5-44 years of age; 
- <SO% of households with a safe water source. 

19. The cut-off values suggested for demographic and ecologic risk factors are arbiiry. When 
information is available, these and similar facton reflecting social and economic deprivation and dietary 
inadequacy can be used for ranking areas/populations according to risk level in support of any biological 
criterion that identifies an important public health problem. 

20. When a public health problem of mild, moderate or severe importance is identified, 
intervention is called for because health consequences are likely even at mild and moderate levels of 
public health importance. A contextual analysis is warranted to determine likely causes of the situation, 
and timely attention is required for allotating resources and taking action. However, the mix of 
interventions chosen may be influenced by the level of public health importance identified in order to 
balance short-term measures wrth sustainable long-term solutions. 

Identifying high-risk areas/populations for interventions 

21. Assessing factors associated with VAC) is also critical to developing intervention 
programmes. This type of surveillance actiuty is concerned wrth selecting prionty areas for 
intemntion, thereby allowing for more efficient allocation of resources. Indicators that are useful for 
identiwng high-risk areas also provide data reflective of the context for selecting, designing, 
implementing and evaluating effectiveness of the appropriate mix of control programmes. Table 3 
emluates the usefulness of various indicaton for achieving broad types of surveillance objectives. 



Table 3 

Types of indicaton useful for achieving broad surveillance obje 

22. Biological indicators are the most specific and useful for determining risk assessment, 
targe.ting programmes and evaluating their effeclivenea. They are essential for eduating the W i n  
A status of a population. Table 4A suggests a relative ranking of the usefulness of biological indimton 
of subclinical VAD. 

23. Where it is not feasible to obtain biological indicators, demographic and ecologic indicaton 
may be sufficient to achieve same of the objectives ifthere is evidence that VAD is a problem of public 
he& importance. Table 4B lists some of the most relevant of these indirect risk indicaton. Before 
intervening, however, it is preferable to use a biological indicator to confirm the existence of VAD. 



A. klative ranking on a population base of some 
biological indicators useful for various surveillance purposes 



B, Ecologic indiaors of ar;eas/popuiatom at risk of VAD 

" The s u g e e d  prevdence cut-oflevels are arbitrary. However, gremr weight should be given to this 
group of indicm n in iden@ing high-risk po pulatio ns than is given to the o ther eco logic indicato n noted 
below. 

Measles 

t;;; Reporter 

ce) 
d fever n 

week pel 

" The s u s a d  prevdenes are d&q, md are suggestt?d on& h3 m's in thrt relative rmking o(popu/&on 
vuIner&i/iity. f hey are best used in ma'cltion with o biologicd indimr and more &m one nubjtion cnd diet- 
r e imd  i nd i a r s ,  



Socioeconomic indicators: 

Lev itemal education and litemy 
Income/mployment 
Water supply and level of sansanMbn 

. Access to h& and soda1 services 
.Access bland 
Accea to agricuftural sewk&/inpub . 

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

25. By themselves, none of these ecologic or related indicators are sufficient to determine if 
VAD actually exists in an arealpopulation. Biological indicators must be used to venfy vitamin A status. 

l 3 Measuring progress towards long-term micronutrient goals 

26. Many countries have pledged to work towards achieving a set of child health, nutritjon and 
development goals by the year 2000. The relevant goal for vitamin A among the World Summit for 
Children Goals,' which were also endorsed by the International Conference on Nutrition (ICN),% is 
"the virtual elimination of VAD and all its consequences, including blindness." Surveillance activities can 
provide a quantitative basis for assessing progress towards meeting this goal. 

27. The clinical indicators in Table I 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 
remain high. The consultation selected the indicators in Table 5 as core indicators for determining 
progress in countries towards achieving the virtual elimination of all consequences of VAD. For this 
specific surveillance purpose, goals for threshold prevalence levels in serum differ from those in Table 
2 (i.e. <S% rather than 10%). The lower prevalence was selected given that improving health and 
social conditions over time will reduce adverse factors (e.g. underlying acute and chronic infections) 
that lower serum values, and adverse socioeconomic factors that cause inadequate diets, Prevalence 
levels marking the achievement of long-term vitamin A goals therefore should refled the predence 
expected in populations that enjoy not only good in A status but also minimal levels of acute and 
chronic infectiom. Less than 5% wrth serum values 20.70 prnolfi is characteridc of affluent societies 

Ffm call for children. World Dedaation md plm ofmon Fom h e  Worfd Summit fbr Chiidren, UNICEF, MY, 
1990. 

VVOIJd Dedmation and Pkm ofA&n fir Nuwi~on. FAOmO, International Conference on Nutrition, Rome, 
Decemkr 1992. 



and children with adequate in A status." Moreover, when diets are adequate in vitamin A, few 
rnothen have breast milk values under 1.05 pmolfl.'" 

Core indicaton for assessing progress towwds 
the goal of virtual eliminrrtion of VAD by the year 2000 

(children 24-7 1 months of age) 

(children 6-7 1 months of age) w 

Breast milk retinol S 1 .OS pmol/l or 

" 0 ther clinicd indicators of xerophthdmia, i.e. conjunctivd xerosis with Bitot's spots (X I  B) <0.5 94; corned 
xerosislulceratio dkerato mdao'a (X2,X3A,X30) CO. 0 I SQ; corned sccxs (XS) CO. OS%, where kno W n to o c a r  
can dso be used to assess progress towards elimindng VAD, and espeudly towards eliminating v i m i n  A- 
related blindness. 

(a) Pitch S. M, Anatysis of A data horn the he& ancl nutrition ewmiwion sump, lournd ofltlutriton, 
1987, 1 17:635-40; 

(b) Rores H. et al. Seru in A di&butjon cuw for children aged 2-6 y know to have adeq~tate 
A status: a referem population. America, journd Clinical Nutlition, l 99 1 , 54:707- 1 l . 

V,  Vitonin A old brecntfiseding: acornpc~ison o fdmpom deveioped md developing counbies. Well- 
Irrtem~oflaf, San Diego, UC 1992. 



1.4 Monitoring and evaluating VAD control programmes. 

28. Surveillance also extends to evaluation of effectivemss of programme implemedon and 
impact. Indicators of programme effectiveness, i.e. process indicators, measure the functioning of 
programmatic actiwty necessary to have an impact on vitamin A status. Process indicators should be 
selected to measure activities critical to the specific control pmgramme(s). Table 6 provides some 
examples of process indicators that might be used in some types of VAD control programmes. 
Programme 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 
documents provide more detail and examples of process indicators and their uses in monitoring and 
evaluation. " 

I I (a) h p *  G. et it. &thodofogies @r monitoring md evdum'ng v h i n  A defitlencj intervention p r o s a s .  
A report of the lm nal Vrtamin A Comubrive Group (Wj4CG). Tfx M 
D.G., 1989. 

@> the Mtuonhn t  Initiative (HI) m de~loping a 
monitoring VAD to be aMil& in 1996. 



Table 6 

Examples of process indicators for monitoring 
and evaluating VAD control programmes 

Supplement distribution programme 

Percent coverage of at-risk population by pragramme, e.g. capsules (supplement) 
received and delivemd&arbrget population 

Percent of the health centreslinstitutions etc. with sufficient supplement for covemge of the 
target pupulation(s) for a 4-6 month distribution cycle 

. , 
. - 

Fortifitation pmgmme 

Number of vitamin A-fortified foods aMilable in selected markets 
Percentage of fortified foods aMilable in market that meet speofted levels of vitamin A 
Percentage of households containing a S@IC vitamin A-fortified f d  selected as suitaMe fbr 

consumption by target grwps 
Percentage of taqet group consuming a specific fortified f d  

> . , , .  

Nutrition educatimbocid marketing programmes 

Number of corrtacts for messagedelivery per week 
KAP indicaton of messages delivered and understood at the househdd level 
Percentage awareness of consequences of VAD and local vitamin A-containing foods: 
Percentage of under-24-month-old infanb consuming the kDl of *in A from f d r  or 

supplements 
Feeding patterns for vitamin A-rich foods, e.g. percentage of children under 3 yeas of 

Percerrtage of homes in a district with a garden having provitarnin A-containing foods 
Percentage of schools in a diNict with gardens having pmvitdmin A-containing foods. 



2 Purposes of VAD surveillance 

29. 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 indicaton 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 indicaton depend in part on the purpose(s) of VAD surveillance. Four ofthe 
most frequent purposes are: (a) assessment of the magnitude, seventy and distribution of VAD 
prevalence; @) identification of high-risk areas/populations; (c) tracking progress towards attainment 
of long-mge goals; and (d) monitoring progress and evaluating impact of intervention and control 
programmes. The feasibility of obtaining reliable data for specific purposes should 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 

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

31. Vulnerability. To serve as a sensitive indidor, the populdcjon selected must be vulnerable 
to the deficiency. Three aspects of wlnehilrty are: 

.II, extent of exposure and responsivewss to deficiency; 

.II, seventy of health conseqNnces of deficiency; 

.II, degree of responsiveness to interven~ons. 

32. RepresenLztiveness. Two aspects of representativeness are: 

.I) Internal validrty. Is the selected group representative of all persons in the same agehex 
group in the communtty? For e pie, if preschool chi ld~n exmined in an under-five 
programme are selected, are they represemive of all preschool-aged children in the 
communrty? 



I, External validity. Is the VAD status of the selected group representative of the status of 
other vulnerable groups in the community? It 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 andlor seventy in other wlnerable 
groups (e.g. lactating women). 

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

34. Usefulness for surveillance of multiple micronutrient and other he& 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 
problems. For example, surveillance of VAD among preschool-aged children that use a consumptton 
indicator of key vitamin A-rich foods in the diet might also serve to determine the consumwon 
frequency of iron-containing foods (they may in fact be similar), and/or foods rich in ascorbic acid that 
are important for enhancing the bioavailability of iron or, concurrently, to determine the frequency, 
amount and kind of (iodized?) salt consumed. 

23 Appropriate groups to measure 

35. Newborns and infants under 6 months of age. In settings where breast-feeding 
predominates for at least 4-6 months, newboms and infants under 6 months of age are not a useful 
group for VAD screening. Although vitamin A stores are minimal 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 vitamin A in her milk. Generally speaking, stores are maintained at an adequate level for at 
least 4-6 months while breast-feeding continues." However, in settings where breast-feeding 
prevalence is low or of short duration, infants weaned eady to diluted or non-fortified milks are highly 
vulnerable to severe clinical vitamin A deficiency as are non-breast-fed newboms given similar milks. 
Surveillance is best done by including a breast-feedingldietary history to i d e w  deprived populations 
where breast-feeding does not predominate for at least the first 6 months of life. 

36. I >6 months and children up to 6 years. AIthough this age group is highly vulne&le 
to VAD and is the most useful for surveillance, accessibility may be a problem. Reliance on access 
through established communrty programmes may pose problems of representa~eness. Measles 

l 2  (a) Wallingford JC, tlnde &et Vitamin A deficiency in , lactztiun, and the nursing &iM. In: 
&* f ie id  jC (eef) Vi Dep~ency cnd its Control. Press, Inc. ,W, ( l 985); 

(b) r-4 V. V h i n  A m d  breeeding: a cornpchon o f d m  Fom developed m d  developing countries. 
Wellstart I n t e m ~ d ,  l 2 1-24; 

(c) U n d e w d  B. M a t e d  Amwand its i m p  in infancl and early child 
of Cl inid Nuaibon, 1994, 59:s 175-245. 



mccination may offer the highest accessibility and representativeness for the first contact in areas with 
high coverage for this vaccine. However, additional contact points for survctillance that cover the full 
age period of maximum vulnerabilrty, 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 anthrowmetry. 

37. School-aged children. From six years of age onwards, children are less vulnerable to 
severe health consequences from VAD and some indicators (e.g. Biot'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 homes, for promoting long-tern 
solutions through home and school gardening, and for receiving vitamin A-relevant nutrition education. 

38. Pregnant women at MCH clinics. Pregnancy increases women's vulnerability only slightly 
as the fetus' additional daily needs are small. Requirements can be met through diet or, if necessary, 
supplements that do not exceed I0 000 IU daily throughout pregnancy. Surveillance is best done by 
taking 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 haemodilution that accompanies later stages of pregnancy. On the other hand, 
pregnant women 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. 
Selection of the appropriate combination of VAD status indicators is particularly important to realize 
the potential cost-savings from surveillance contacts for multiple nutrienthealth-related problems. 

39. Lactating women preferably w'ithin 4-6 weeks (or at most 8 weeks) from birth. V i i i n  
A needs increase during lactation to replace daily losses in breast milk. Women in endemic vitamin 
Adeficient areas are prionty candidates for receiving a high-dose supplement (200 000 IU) during the 
infertile period following delivery, thereby raising and maintaining the concentration of vitamin A in 
breast milk. Lactating women within the first, or at most the second, postpartum month may be 
accessible through the BCGlOW vaccination contact where coverage rates are high, andlor when 
the infant is delivered by a health worker (potentially including trained traditional birth attendants). 

40. 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 milk. However, they should not receive vbmin A supplements in excess of 
10 W IU daily. Because the concentration d h m i n  A in breast milk is a =fledon of a woman's 
diet, it is a useful indicator for surveillance of VAD risk in populations where breast-feeding corrtinues 
for a signifim time as the infant's primary food source of v m i n  A, Representativeness of the 
distribdon of milk vitamin A levels is high if samples are o b ~ n e d  from randomly chosen mothers. 
Average breast milk in A concentration, %erefore, can be usefui for identiQing not only women 
and their breast-feeding infasrts at risk of VAf), but also for locating high-risk areas generally. Breast 
milk is often more easily obtar'ned than b l d  and may be useful as well for surveillance of risk of other 
micronutrients deficiencies, e.g. iodine. 



2.4 Selecting indicaton 

41. Indicators are basically of trNO types: outcome indiators, d i c h  provide a measure of 
impact on VAD status, and process indimton, which meBure hether or not the intc3m&on is 

me indiaon may refer to 
A as a reflection in-A intake of a mother b~w-feeding inw), or to impact, 
whether on mo stimatd by impession cytotw), or f uhon  (as estimatc3d by night 
blindness). Aftemativffly, oacome indimtors c;ur be degorized according to whether assessments 
are direct, i.e. fuhond or bidemid, ur indirect, i.e. dietary or ecdcyiIjcaf. Once the population(s) 
selected for assessment an; defined, the &ice of pwticutw indicators shoufd be based on 
consideration of buth the criteria discussed below and specific surveillance obje 

42. Acceptability. The accewitit), of a particular indicator may vary among dieent 
ppulations. Some measum are more vvidely accepted (e.g. dieaty intake or breast milk vitamin A) 
than others (e.g. drawing venous blood). Acceptabilr?, is also an issue for field staff performing the 
tests. For example, drawing blood samples in ppulations wEth a high prevalence of HIV idection 
involves some level of risk, or perceived risk, that should be considered in selecting indicators. 

43. Technical feasibility. Technical feasibilr?, involves a number of factors including: 

4 ease of data or sample collection; 
4 sample storage and transport requirements; 
4 transportabilrty and durability of field equipment; 
+ availabiir?, of specialized personnel to obtain and analyse specimens; 
4 adlability of equipment, spare parts and maintenme personnel, 

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

+ capital costs for facilities and equipment; 
+ recurring costs for supplies and reagents; 
+ maintenance costs; 
4 training costs; 
4 personnel, administratfve and ~ l & e d  expenses. 

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

45. Perfo . Useful meafures of idimor performme in idemng VAD include sensitrvity, 
specifi* and reliabitrty. These perfomance attributes are best evaluated when there is an agreed 
reference stvldard a@& which perfbmmce can be compared. Clinical eye signs are a suMle 

ard for severe Vb.D but m rare mcumnces that are insemitiv53 to mild and mode- 
deficiency. Total store is the relevant bidogid indiators of 
impmctjd to obtain on a ppulation basis usi e%dolog)l. Thus, at p 
easily obtained indicator that is usehi as a reference mdard for VAD, The newrtst prattical 

is an estimatjon of in A liver stores measured indire* using one of the 
tests, RDR or M D R  Inded, the dose wpm tests are increasin@y being used as 



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

2.5 Availabiliv and interpretation of reference data 

46. lnterpre~on of VAD status depends on the a~iiabilrty of reference data, prefembly 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 indicaton and groups for surveillance. w e r e  such data are unavailable, local control 
populations may be needed.) Standardized reference data enhance interpretation across different 
studies and assist in establishing cut-off values and prevalence levels for use in idenbfjmg public health 
problems and their severity. Cut-off levels for interpreting serum retinol distribution curves used until 
recently were not derived from population-based surveys with these characteristics, particularly for 
children. The National Health and Nutrition Examination Survey (NHANES) in the USA and in a 
limited population-based study before and after assuring adequate vitamin A status in Northeast Brazil'" 
comes nearest to reference pp~lation.'~ Reference data are still being compiled for some of the 
newly identified subclinical biological indicaton (breast milk retinol, dose response tests, CIC/1CT). 
This means that the criteria selected by the consultation based on current, limited experiences will 
need to be revised in the future as field experience using them increases. 

2.6 Presentation and interpretation of survey results 

47. Some indicaton of VAD measured on a continuous scale (e.g. serum and breast milk vitamind 
levels) may not be normally distributed, particularly in deficient populations. Under these conditions 
the use of means 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 cwr be characterized by using standard cut-off points and 
tabulating the prevalence values above or below cut-off values. Several threshold values may be used 
to express the magnitude of the problem occurring at different points of the distribution and that 
refled different levels of risk. For example, serum distributions lower cut-off pints (e.g. ~0.35 
pmol/l) may be selected to highlight the most extreme cases, while higher cut-off pints (e.g. <0.70 
ymol/1 or 1.05 pmolll) may be 1 in identrfjlng that propohon of the population possibly at risk 

in A status even if it is not necessarily severely deficient. 

" 3 m H , & a l .  Serum in A distribdon curve for cfriMten aged 2-6 y h w  to have dq~litte 

status: a ~ference popula~m. Americolfoumd of Clinid Nubition, 54:707- 1 l .  

Pilch, SM, Anafysis of and n M o n  examination surveys. lournd of Nua-iton, 
1987, 1 17:635-40, 



2.7 Definition of a public health problem 

48. A public he& problem exists h n  the prevaleme of observations below a cut-off point that 
defines deficiency is considered unaccepble. Predences to identrfjt a public he& problem based 
on clinical signs and syrnptoms noted in Table I are well established. Prdences based on subclinical 
biological indicators in Table 2 are state-of-the-art estimates. Because no one subclinical indiator is 
considered definitive in determining vitamin A status, the consulta;tion recommended that before 
coduding that an importarrt public health problem exists, at least two indicaton should be prevalent 
below the cut-off for a deficiency, or that any one be strongly supported by a composite of several 
indirect demographic and ecological risk hctors. 

49. The conclusion that a public health problem exists automatically should trigger intewentjon. 
For V D ,  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 relative 
level of public heatth importance assigned to 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 problem through food-based 
approaches. A mild problem may be resolved without use of supplements through nutrition and social 
marketing interventions to increase dietaty intake of vitamin A-containing foods by vulnerable groups. 

50. The prevalence of values below cut-off for the subclinical biological indicaton discussed in the 
remainder of the report are ranked from a global perspective as mild, moderate and severe levels of 
public health importance. Individual country, area, or population-based situations to trigger 
interventions may call for different rankings. This is a decision that local or national authorities should 
make. 



PART III. BlOLOGlClV INDICAT3RS OFVKAMIN A .  . 
. 

STATUS . 
. . 

3.1 Clinical indicators 

Xerop hthatmia 

5 1 . Clinically obvious eye signs of vitamin A deficiency, i.e. B i i s  spot, corned xerosis, 
keratomalacia and corneal scars, are well-established indicators of severe VAD. They are rare events 
in most population surveys, however, and require a large sample size to establish their prevalence. 
These signs are reviewed in detail in other WHO do~uments.'~ 

52. For the sake of completeness, a summary ofthe classification of xerophthalmia, and the criteria 
for assessing in a community a significant public health problem in children under 6 years of age, are 
presented 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 (XN) is part of the traditional classification of 
xerophthalmia symptoms and signs even though, unlike other signs of xeropMalmia, it is not readily 
apparent. At present, from a practical standpoint, night blindness in children 24-17 1 months of age, cut 
be assessed only by taking a history from mothers, However, this may not be a reliable indicator 
below 24 months of age, or in some cubres even in the youngest of the age span indicated, since 
very young children are not particularly mobile after dark, with the result that their night blindness may 
go unnoticed. (Night blindness will be reviewed in greater detail later in this report together with 
other measures of subclinid VAD.) 

(a} Conaof ofvitonh A de$&nt)l a d  xerophthdmia. Technical Report Series 672, W& t-fealth 
n, Geneva, 1982; 

(b) Vim in  A soppkmenr;. A gukle o their use in the trem venlrion ofviumin A defi&ncy a d  
xerophthalmia, WONNICEFNACG. V\lorM Health O n, &=M, 1988 (EGA version in 

, 1996); 
(c) Sommet-, A V M i n  A deF&nq cnd its consequences: afield guide to their detection cnd conaof. 3rd 

edition. W O ,  Geneva, 1994. 



Classifidon of xemphthalmia, minimum prevalence criteria and 
' 

minimum sample sizes for defining clinical VAC) of public health importancea 
in a cornmunit). of children under 6 years of age. 

Minim 

Gomeal ulceraticqkemtomafacia 
<l13 comealsuhce 

Comeal ulcerati~eratomalacia 
2 113 c o d  swface 

" The minimum prevdence criteria fbr -sing a public hedth problem wcs not reviewed at the consultation. New 
evidence of preventing mod i t y  m d  severe morbidities by improving the vitrmin A status in populcltions with 
xerophthdma suggests that there is m important public he& problem when my xerophthdmiais noted.'' 

The biohemicd i nd imr ,  serum retinol<0.35 pmolll at a minimum prevdence 25% is strong corroborative evidence 
ofmy d i n i d  met f6r defining severe VAD. 
C Sanple size is cdarlclted f i r  a reldve precision of5096 at the 95% confidence level. 

53. Clinical signs of xeropMalmia are inadequate for assessing the prevalence of non-clinically 
observable deficiency, i.e. depletion of vitamin A stores to the level where i m p o m  functiond 
consequences for heatth are likely to occur. Unforkrnately, adequate q u W v t 3  data are not available 
on the critical body-store level below which functions are impaired. Nevertheless, the remainder of 
this report concerns those indicaton, including night blindness, used to assess the spectrum of vitamin 
A deficiency which is not clinically apparent. 

l6 h t o n  G., e? al. mctivenes offvimin A suapiemenmbn in the control ofyoung chifd rnohidiey md mor tdq  
in devebping countries. ACmCN S&&-of-*-& Series, N M o n  Policy Disc~~ssion Paper No. 13, k e m k r  
1993. 



3.2 Subclinical indicators 

33.1 Functional indicator 

Night blindness (XN) 

54. 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 
regenedon of rhodopsin in the outer segments of the rods following exposure to light, i.e. delayed 
dark adaptatron (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 
blindness can be learned about from mothers of children 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 until 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 o.'@ However, until these procedures are standardized and reference data for 
interpreting them are available, night blindness should be assessed by history. 

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

56. Technical feasibility. Reliable assessment of night blindness by interview requires that there 
be a specific local word descriptive of the symptoms characteristic of this condition and that it be 
specific to vitamin A deficiency. 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 may be elicited if a series of questions are asked to focus attention on visual acuity 
under different lighting condiiom, i.e. during the day, evening and night, which are related to vitamin 
A deficiency. Also, since words for night blindness have multiple meanings in some cuttures, this may 
lead to misclassifiation. It is important to field-test the reliabilrty of local words prior to undertaking 
a large-scale survey. To make history of night blindness a more reliable indicator, it is also important 
to standardize the procedure for data collection, i.e. train interviewen and standardize their approach 
to asking questions. 

57. Uses and application. Night blindness can be a useful tool for assessing communrt). vFtwnin 
and hi@lightrng those areas where the risk of health consequences from VAD among children 

may be expected. Prevalence of night blindness can be used as a mapping tool for identrfj.lng areas 
where intemntjons should be weted. At the same time, however, night blindness tends not to be 

'760ngdon, N, et al. Pupillary and visual thresblds in young children as an index of popu&n 
Ameffmloumd of Clinicd Nubition, 1995,6 1 : i 076-82. 

l 8  Uflcfe , SA and Olson, jA {&S). A briefguide to arrent me&ods of aex;ing v h i n  A -S, A report of 
the Intem$onal Vitamin A Co~uItative Group (IVACG). The N M o n  Foundation, Inc., Vdashinmn, D.C., 1993. 



very discriminatjng, and is susceptible to error due to the indicator's subjective nature. Nonetheless, 
where it is a *l!-mwked symptom, it can be used as an assessment indimor ancl for suweillat7~e 
of an interventjon programme's effectiveness. Moreover, night blindmss is an indiaor W 
communities m grasp as a marker of VlaS> and h i c h  they m use to Buge an impr0vf:rnent 
resulting from an imrvention. Pcs such, it has the potential to increase awa~ness in communities of 

ofthe problem and can be of great use for advocacy in helping to demo when 
the problem of VAD is still evident and where it has disappeared, and in creating public demand for 
an intervefition pmgramme. 

58. A history of night blindness is an impo d both to prqant  and 
laaating women and prexhool-aged children. However, few represe populatjon-kd surveys 
have been done among adutt femafe populations. 

59. Confounders. A significant age trend is observed in the prevalence of night blindness obtained 
by inteNiew, i.e. l i e  nigh 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 1 months of age, school-aged children 6- 14 yean of age, 
and adults 15 years of age and atx,ve. Night blindness can be sensitive to seasonal variations in v h i n  
A status, and that associated with pregnancy may respond, without intervention, in the postpwtum 
period. Also, night blindness is less specific in adults and occasionally has been confused with the m 
hereditary eye disease rerinitis pigmenmsa h e r e  night blindness is reported from school ages through 
adulthood. 

60. Performance. In some circumstances the classification of night blindness by intewiew has 
been improved by establishing an algorithm: 

( I )  Does your child have any problem seeing in the daytime? 
(2) Does your child have any problem seeing at nighttime? 
(3) If (2) = yes, is this problem different from other children in your communrt)l? 

(Note: this question is particularly appropriate where VAD is not very 
prevalent) 

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

This aigorithm may increase the specificrty and reduce the error of classification solely on the basis of 
familiw vvid.1 the term. The use of focus group discussions" in diierent sha~orrs may be useful in 
idenbfyrng local terms for night blindness and the specificrty W& whi& they are useful for i demng 
vm, 

S, M d e m n ,  L & Tdb, VS A mmud @r the use o ups: k t h o d r  $7 r sa'd resewcb in 
ic hearch (SER), UND me for lktsearch and 

T&ni% in TmpiGlf Diseas FDRf. Intem~od N loping Countries (INFDC), 
rvt USA, 1993. 



6 1. Although a good correlation betvveen night blindness and other measures of VAD among 
preschool children is reported in commun%es, the correspondence is not as good at the level of the 
individual. To establish more firmly the s e m w  and spufiuty of night blindness, there is a need for 
further research to dady the relationship between night blindness as assessed through interview and 
different objective measures of DA or VRT and other indicators of v h i n  A status. 

62. Interpretation: Suggested interpretdons of prevalences of night blindness to idenbfy a public 
health problem are given in Table 8. 

Table 8 

Prevalence of night blindness in children 24-7 1 months of age 
and minimum sample sizes for identifying a VAD public health problem 

" h i m u m  sanple size for mticip-d prevdence with relative precision of 20% m d  50% at the 95% confidence 

level. See cnnex 4. 

3.2.2 Biochemical indicators 

Serum retino120 

63. Biological features. V i i n  A circulates in blood as retinol bound to its specific carrier protein, 
&not-binding protein (RBP), which in turn is bound to transthyretin, a larger carrier protein that also 
transports thyroxine. Some retinyl ester is found, but at low concentrations except after vitamin A 
supplements or a meal rich in the in have been ingested. The level of retinol in the blood is 
under homeostatic control over a broad range of body stores and reflects stores only when 

ow or very high. Thus, serum concentration is not a reliable indiator to use for 
n A deficiency in individuals. Among populations, however, a frequency distribution 

of serum retinol concentrations can be very infoma6ve. 

Plasma can be Ltsed inte 



in using serum retinol concentration as an indicator in A status is that 
are decreased by acute and underfyrng chronic S." Given the 

seasonalrty in disease patterns, shifts in serum ~tid di&butions may occur that are unrel&ed to 
in A-rich foods. The extent to which disease patterns affect serum retinol 
I&ons is not krlly underrtd. This is a reason for cautious interp 

comparing serum retinol distributions as a specific indicator of in A status among different 
populations. However, changes over time in serum retinol di~butjons within a population can be 
interpreted with greater confidewe. 

65. Acceptability. To the extent that blood collection by either venepuncture or finger prick are 
acceptable, measurement of retinol in serum can be used to characterize a populatjon's 

. In some cultures it is very difficult to obtain b i d  samples from children unless done 
or in association with some economic or medical bewfrt, e.g. a free meal or deworming. Careful 
consideration should be given to the risks of obtaining blood in populations where there is a high risk 
of HlV infection and all necessary precautions should be taken." 

66. Technical feasibildy. Collection of blood by venepunckrre or finger prick are well-established 
 procedure^.^^ Blood should be protected from light and chilled (not frozen) until cefiuged. 
Separdtion of the serum by cemgation 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 measurements 
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 
recommended for routine use. 

67. Retinol can be determined in serum by high pressure liquid chromatography (HPLC), or by 
fluorescence or UV spectrophotomet;ry.' Choice of analytical method will depend on the resources 
available to obtain the necessary reagents of high qualfty and purity and to maintain the analytical 
instrument. HPLC is the method of choice because of its high specificily and sensitiwty, but it is also 
the most expensive and digcult to maintain under the conditions prevailing in many laboratories in 
developing countries. Fluorometric methods are sensitive, quick and'relatively inexpensive, but the 
laborxtory must be able to maintain conditions that avoid interference from corrtaminating fluorescing 
substances. Spectrophotometric methods are the least expensive to use but also the least sensitive. 
Both retinol and retinyl esters can be reliably measured individudly by HPLC. In contrast, 
spectrophotometric, fluorometric and immunoassay techniques generally measure total serum vitamin 

2t ~ k a u  SPI et al. InRuence of morbidty on serum retin01 of childretn in a community-based study in northern 
Ghana Amerimloumd of Nuaitisn, 1993, 58: 192-7. 

U Sommer A Vimin A defiency md ifs consequenes: o fie@ guide to their detgction md controt. 3rd edrtim, 
W O ,  Gene% 1994. 

23 Biachemicd methodology for the mesment of vitcrnin A -S. A report of the I w e m ~ o d  Vmin  A 
Group (NACG). The Nutrition h d a ~ o n ,  Waskin*, D.C., 1 982. 

c mMs, lri: Spm MB, bberts AB, man DS {eds) The Retinoids: 
Biology, &emisby, ond medicine. 2nd edition. k e n  Press, NY, f 993. 



A Each of these methodologies requires well-trained technicians capable of maintaining strict quality 
control procedures. Colorimetric methods are not recommended. 

68. Some investigators consider that current data suggest that RBP in serum 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. AIthough RBP can be measured by immunoassay techniques, the only 
commercially available procedures are expensive. Procedures under development use a blood 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. 

69. Cost. Cost depends on the analytic method used and ranges from relatively high based on 
HPLC, to relatively low based on fluorescence and W spectrophotometry. The HPLC system 
should have at least a manual injector, a pump, a single wave-length detector, and a chart recorder. 
While such a simple system may cost as little as US$15 000, more sophisticated equipment including 
an automated injector, system controller, pump, variable wave-length detector, and an integmtor that 
simplifies the procedure can cost US$40 000 or more. 

70. The column used for HPLC can be any type of C- 18 reversed-phase c~lumn,"~ A guard 
column is highly recommended because serum extracts contain considerable concentrated lipid. The 
guard column, packed with material similar to the column, helps to filter the extract, thereby 
protecting the column and increasing its useful life. The average cost of a suitable column is US$500 
and of a guard column is US$75. 

71. A variety of solvent systems have been used; the simplest and most economical is a 
methanol:water mixture, The elution time of retinol, other retinoids and internal standards is 
dependent on the ratio of methanol to water. 

72. Spectrophotometn'c techniques that use a high-qualrty recording UV spectrophotometer are 
best for obtaining maximum sensitivrty, and if only a small blood sample (e.g. from a finger prick) is 
available, the spectrophotometer must be adapted to microanalytrcal  procedure^.^^ The cost of a 
suitable W spectrophotometer varies from US5 000 to US$ 1 5 000. 

73. Perfbmance. %mm retiml gives a reliable estimate of vitamin A stores only at the extremes 
because of the homeost;rtic control mechanisms mentioned h v e ,  However, population disbibution 
cunres, and proportions of idividuals below selected cut-ofidues, can be useful in characterizing the 

25 Fun HC, Tmumihardjo SA, OIson fA, Trrining mmud fbr -sing v h i n  A status by use of the modqed 
relative dose response cnd the r e l e e  dose response ax;cys. Dept Biochem & Biophys, low State Univenity, 
Iowa, USA, 1992. 

26(a) Bessey 0.4 et al. The detemim%on of in A and carotene in small q es of b l d  serum. journd of 
Biologicd Chemistry, 1946, 166: 877; 

(b) Araujo CRC, Fbres H. Impro~d spectrophotometric in A assay. Clinical Chemistry, 1978,24:386. 



i n 4  status of a popuj&on, especially in areas of VAD, and can dso be useful in evaluating 
changing conditions, e.g. response to an iaervention programme. 

74. The spec%* of serum values an be confbunded because RBP is an acute phase protein. 
by febrile and afebrile infedons, even in individds with re1 
Thus, acute and undectying chronic ihctions can confuse spec%* in 

interpreting serum values when cut-off points are used, Furthemre, RBP has a short hatf-life that 
may limit synthesis in the presence of PEN, and hence hinder the mobilization of retinol from body 
stores, In acMitjon, nomaf serum ret id values change with age, increasing from lower levels at birth 
to adult levels after This age relationship should be considered when evaluating serum 
retinof data from infants and young children. Serum distributjon curves do not correlate closely with 
the prevalence of clinical eye s i p  and not always with the prevalence of other indicaton of VAC) such 
as abnormal impression cytology or dose-response measures, or current dietary intake, attt.rou& these 
different indicators tend to categorize populations similarly. 

75. Interpre~on. In the past, serum levels of vitamin A of ~ 0 . 3 5  pmolP and ~ 0 . 7 0  pmol,4 
were used to describe populations with, respedively, deficient and low vitamin A status." For the 
purposes of this consubtion, deficiency was defined as occurring where tissues are depleted to a level 
of functional significance, even if this is not clinically evident. Presumably this occun when blood levels 
are below homeostatic set-points that respond to improvement in vitamin A status. There is no direct 
evidence of the serum cut-off value where kinctional consequences, mort>idQ/mortality effects, begin 
to occur. For that reason, and for the sake of consistenq, the cut-off value of ~0.70 pmolj 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 l5%." 

27(a) Reddy V et al. Relatiomhip between measles, malnutrition and blindness: a prospective study in Indian 
children. Americcn journd of Clinid Nutria'on, 1985, 44:924-30; 

(b) Filteau SM et d. Influence of moittidity on serum retinol of children in a community-bd study in northern 
Ghana. Amerimjoumd of Clinid Nuwition, 1993, 58: 192-7; 

(c) Louw /A, et al. Nood vitamin concemtiom during the acute-phase response. Criticd Care kdiune, 
1992,20:934-4 1 ; 

(d) W e r  JC et al. Measles seventy and serum retinol in A) ancentration m n g  chiMntn in the United 
States, Pediatrio, 1993,9 1 : 1 176-8 1 .  

28 LevvZs Gj et al. Relatimhip in A in children aged 4- 1 I y. Ameriun joumd of 
Nutrition, 1990,52:353-t50. 

G (5t al. Methodologies fbr monitoring md evduating v h i n  A dejiciency inewenrion progrms. A 
report dtfwj Ifitem~d Vmin A CoauMe Gnnrp (NACG). The N ~ O R  Foundalion, Washington, D.C., 
1989. 

B Hypoviminosis A in tfie America. Report of a PAHO Technid Group Meeting. Sciedk Publication k. 198, 
Pan & r i m  Health 



Table 9 

Prevalence of serum dues of vitamin A s0.70 ,umol/l in children 2 I yew 
and minimum sample sizes for idewing a VAD public heatth problem 

- P-- 

* Minimum s m p k  size f i r  cntiupaced prevdence with refatiYe preusion of 20% cnd 50% a& the 95% conwence level, 
See Annex 4. 

76. More information is obtained when the entire distribution of serum retinol is examined in 
increments equivalent to 0.35 pmolll and extending to at least 1.40 pmol/l. Limited studies in some 
environments have shown that fewer than 5% of child populations with adequate vitamin A status (i.e. 
no evidence by dose-response tests of inadequate liver stores) have values less than 1.05 ,um~l/l.~' 

Breast milk vitamin A concentration 

77. Biological features. Breast-milk 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 vitamin A status is inadequate. All infants are bom with low stores of vitamin 
A and depend on vitamin A-rich early breast milk, and subsequent concentrations in mature breast 
milk, to accumulate and maintain adequate stores until complementary 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. 

78. Milk vitamin-A content is very high in colostrum (the milk secreted in the first 4-6 days 
postpartum), and remains high in tmitiond milk (days 7-2 1 postpartum). Vitamin-A concentrations 
stabilize in mature milk (after about day 2 1 postpartum), and thus milk concentrations after the first 
postpartum month are the most useful for estimating the vitamin A status of mother and i 

79. Most of the in A in breast milk is in the form of retinyl palmittlte in the milk fat. During 
a feed, the fat co&ent of milk is quite variable for an individual mother, the most 
mriation king from the first milk expressed from a full breast which is lowest in 

" Flores X, et d. %mm in A distribution curve for children aged 2-6 y known to have adequate 
status: a reference population. Amerim journd of Clinid Nuwition, l99 I, 54:707- 1 I . 

32 Stolzfus Rj, Unde in A as an indicator to assess in Astatm ofwomen and i 
WHO Bulletin, 1995,73:703-7 1 1 . 



milk expressed which has the highest content. This variation in mil 
unrelated to the mother's vitamin A status and must be accourrted for 
indiator to assess in A status of individuafs. However, for the purpose 

of a popula;lcion, assuming that samples we collected throughout the day and at varied periods 
owing the last f d ,  it is not necessary to account for the sampling variation in milk fat because this 

mriation will be randomly distributed among all samptes provided that the collection period is 
randomly distributed. Where random sampling throughout the day is not possible, milk 
values should be expressed relative to fat concentrations. 

80. Acceptability. Coltection of breast-milk samples by female he& worken is generally 
acceptable even in tradhonal cultures. Acceptabilrty is highest if staff, in addition to ~ n i n g  in how to 
colled them, receive trajning in how to address mothers' potential concern giving milk samples. 
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 removed. Health workers and field staff should be assured that taking a sample of a mother's milk 
places no particular strain on the mother. 

8 1 .  Because mothers in most communities care about the qualrty of the milk they feed their 
infants, the use of breast milk vitamin4 concentrations to assess vitamin A status may be more 
understandable than other indicaton of vitamin A status, e.g. blood-drawing. The well-being of inFantr 
as a concern common to health professionals and mothen alike is an advantage in enlisting 
coopeation at the survey stage, and potentially in evaluating interventions to improve maternal--and 
thereby infant-vitamin A status. 

82. Technical feasibilrty. Milk samples should be collected from mothen 1-8 months postpartum, 
which means that colostrum and transitional milk are avoided. During this period, breast milk 
proximate composition is relatively stable3' and is likely to provide the major source of dietary vitamin 
A for the infant, with complementary foods contributing little if any. When interpreted on a population 
basis, it is not necessary to control the time of day of sample collection or the time since the infant was 
last breast-fed (i.e. how '4ull" the breast is). The vitamin A concentration in milk samples varies 
according to these facton; "capturing" this variabiirty in a survey will help to ensure that survey values 
represent the full variation in the milk that infants ingest. 

83. If it is not possible to assure a random distribution in the time period for collection of breast- 
milk, fat can be determined by a simple "crematocrit" micro-method3* 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 qucntib/ cnd qudity ofbreast milk. MorM Health OWaGon, Gene%, 1985. 

4 Gibbs JAH, Lper Rlj. 6-e : simple ciinid M~qe for estimating fat concentratjon and 
emrgy value of human milk. British MdicdJoumd, l987,22: l O l 9-20, 

35 Pentice A, Prentice AM, mitehead RG Breast-milk fat concentrstiorrs of rural African w m n ,  I. Short-&m 
variatioM d i n  indivrdds. BritishJoumd ofNub.itiQn, 198 1,45:483-94. 



fat determined by reference to a standard curve of fat concentrations established by a chemical 

84. Milk samples can be obtained by manual expression or by using a simple breast pump, 
hicheer is easiest and most comfortable for mother and staff. If a mother has d'6cult)l expressing 
milk, allowing her infant to suckle from one breast will facilitate milk "let down', thereby aiding 
expression from the other. A sample from only one breast is sufftcient. 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 clew tubes with foil. 

85. As soon as possible after the sample is collected, aliquots of milk in the precise volume 
%quid for analpis 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 aliquob, the milk sample should be 
homogenized, i.e. the cream should be well-dispersed throughout the milk. Since this is most easily 
achieved by gently swirling the sample just after it has been removed from the breast, the ideal 
procedure is to aliquot the milk samples at the time of collection. If this is not possible, milk samples 
may be carried on ice to a field station or laboratory to be aliquoted. If milk samples have- been 
chilled, i.e. canied on ice, they should be re-homogenized before aliquots are removed. To do this, 
allow the sample 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.37 

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

87. Cost. Cost will depend on the analyttc procedure chosen and will be similar to that for 
determining serum retinol. (See paragraphs 6 1-64.) 

88. Performance. For assessment, the sensitivity and specificrty of the breast milk's vitamin-A 
comnbation for identrfylng VAD in indfvidud infants are not high; the sum of sensitivity and specificity 
is approimately I 30% using a variety of cutdvalues. Nonetheless, the association b e e n  vitamin 
A in breast milk and other maternal and infant vitamin A status indicators is suffidently strong that it is 
a useful indicator at the popula~on level. 

89. The distribution of breast milk in A-levels and the ence below selected cut-offs 
provides iinformation about the risk of mild-t~mhrate Vi?iD in i However, even when VAD 
is endemic in a commun?, breast milk usually provides enough to prevent dinid deficiency 

3 % ~ s  AM, Jemen RG Lipids in human milk: A review. I : Sampling, detemidon, and contentjournd of 
PedMc Gastroenterofogy ord Nutrition, l98 1,45:483-94. 
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92. Other surveilla~~~e uses. The prevalence of breast milk vitamin A c o w e m  below 1.05 
pmol/l is a sensitive measure of change in vitmin A status following a related idervention. This has 
been reported in evaluating hi@-dose supplementation of womn in the postparturn period3' and in 
evaluzlting sugar"0 and momsodium glutamate (MS@) vitamin A fortification intemntions. 
Surveillance of breast milk vitamin A consentration is thus a useh1 tool for i d e q n g  high-risk 
weas/populatims, evaluating vitamin A intewentjons, and monitoring changes in the vitamin A status 
of communities. 

Relative dose response tests (RDR and MRDR) 

93. Biological features. Even if the synthesis of retinol binding protein (apo-MP) in the limr is not 
controlled by vitamin A status, its release still depends on the availabildy of vitamin A from dietary 
sources or endogenous body stores. Therefore, at times of reduced adlabitit). of retinol, e.g. during 
periods of fasting or depletion of body stores, apo-RBP accumulatt3s in the liver. Atthough retinol (R) 
is the preferred ligand for apo-RBP, 3,4didehflroretinol (variably referred to as dehydroretind, 
vitamin 4, or DR) is a suitable signal for RBP release. R or DR binds to apo-RBP in the liver and the 
holo-RBP complex is released. Holo-RBP circulates in the plasma bound to another &er protein, 
t h y r e t i n .  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 liver reserves of vitamin A are below 0.07 ,umol/g. DR is a naturally 
occurring form of vitamin Athat is found predominady in fresh-water fish, but also to a small extent 
in mammalian, including human, tissues. DR has approximately 40% of the biological activity of 
retinol. 

94. 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 intenrat for the RDR acceptability of blood-taking 
is generally lower than for the MRDR, which requires but a single specimen after a similar postdosing 
wait interval. For the MRDR however, the dose can be administered at home, thereby requiring the 
subject to come only once for blood collection 4-6 houn later. * 

95. Technid feasibility: RDR41 After obtaining a fasting blood sample, a dose of 450- l000 pg 
retjnyl (R) ester (palmitaLe or acetate) in an oily solution is given either by direct administdon from 
a calibmted dispenser onto the tongue or absorbed on a suitable food vehicle such as a cracker or 
piece of bread. Following the dose a simple bre is given which should contain some fat to aid 
h o p o n ,  but littje in A Water-miscible preparations dissolved in fruit juice can also be used, 
F i  houn after dosing, a second blood sample is obtaiwd. M n o l  in the fasting pre-dosing (4) and 

" h w * ,  G VMin A deficierwy c o w  in CEtnlral h r i c a .  In: Vim in  A Deficiency md Its Conml. jC 
&=&id, d. rnk Press, Irtc., W,  1986. 

4' Muhilaf , MA et al. NSG and in A status: a contn,iled field trial. Americcn Journd of Clinid Nuwition, 
1988,48: 1 265-70. 

, &% M e w s  for assessment of in A status. journd of Nu~rition, 1990, 120: 1459-63. 



post-dosing (4) samples is detemined by a suitable analytical technique that can include 
spectrophotomm, NuoromcEttry or HPLC. 

96. The RDR is calculated as a prcentage in the following manner: 

97. Because W spectmphotometry and fluorometry deternine total serum 
these analytrcal techniques are used, the dose given should be about 450 pg (not less) for children 
and about 600 @g for adults. If a higher dose is is possible that newly absorbed esters vvlll 
remain in the circulation after 5 hours, and a high A value could either be due to a low liver 
store of vitamin A (retinol released from the liver after binding to apo-WP), or to retinyl esters which 
are still circulating in the blood. On the other hand, retinyl esters can be distinguished from ~ t i n o l  
when analysed by HPLC. It is the retinol level which should be measured, and feeding the higber 
dose level, Le. 600- 1000 pg, assures that absorption problems, e.g. those resutting from heavy enteric 
parasite load, are overcome, Within these limitations, the exact amount fed is not critical because the 
HPLC technique specifically measures the amount of the absorbed vitamin that passes through the 
liver, i.e. holo-RBP. 

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

99. Technical feasibilQ: MRDR.'"he MRDR assay involves giving children a single ora) dose 
( 100 p@g body weight, or a 1 .5 mg standard dose) of 3,4-didehydroretiny acetate dissolved in an 
oil, and taking a single venous blood sample 4-6 hours later. A standard dose of 2.5 mg has been used 
in aduk studies. After the serum is extracted with ethanollhexane, R and DR in an aliquot are 
measured by HPLC. The monitoring wvelength of the detector is set at 350 nm, which optrmizes 
the measurement of DR Standards of both R and DR of known concentration are used to calibrate 
the HPLC system. A molar mtio of DR to R can thereby be calculated: 

MRDR = Serum DR concentration 
Serum R concentration 

100. The amount of serum needed for analysis depends on several facton, Firsdy, the limits of 
detection on the HPLC *em must be detemined. The typical range of DR concentrations found 
in serum from the MRDR test is 1 to 30 nglml. Typically, 0.5 to 2 rnl blood samples are obtained 

" FUR, WC. Tmumiwo, SA and €%on, JA f raining mmud @r mes ing  vitanin A status by use of the 
modged r e l w e  dose response a d  the relatkre dose response mcys.  De m of Biochemq and Biophysics, 
low State Univenrty, h s ,  Iowa, I 992. 



under field conditions from children 1-6 years of age. A serum aliquot of 0.1 5 to 0.5 ml is usually 
satisfactory for detecting DR Thus, sufficient blood should be collected to perform the analysis on 
duplicate samples. By employing the ratio of D&R in a single serum sample, the ~ a b i l Q  of storage 
effects on vitamin A stabilrty and of sample extraction efficiency are minimized. Another advantage is 
that prolonged vvaiting'at the site can be avoided by giving children the dose in the morning at home 
and bringing them to the clinic or the survey site 4-6 hours later for smptng. : 

10 1 . As with 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 ancl 
analysed immediately by HPLC. Currently an important constraint is that DR is not available 
commercially and must either be synthesizedM or isolated directly from fresh-water fish-liver oils. 

1 02. Costs. The RDR can be done using any of the procedures for serum retinol analysis discussed 
earlier but MRDR requires HPLC instrumentation for the analysis to detect DR in the serum. Thus 
costs for instrumentation are those already discussed for serum retinol determinations in paragraphs 
6 1 -64. The cost for obtain DR from the cumnt single supplier is about U S 2  000 for 0.5 g and US$3 
000 for I g.+$ 

103. Interpretation: RDR. A response 220% is indicative of inadequate liver reserves (about 
<0.07 pmollg liver). Therefore, if the RDR value is 2.2096, the child is almost certainly vitamin A 
deficient. However, the relationship between the RDR and liver stores is not necessarily linear above 
or below the critical level, i.e.220%. Among children with adequate vitamin A status, negative RDR 
values sometimes occur. To determine if a particular communrty is at risk, deficiency status can be 
assessed in a randomly sampled sub-population ofthe total population of preschool children for which 
serumdistribution curves are also randomly obtained. This helps to overcome problems associated 
with interpretation of serumdistribution curves in the range of about 0.52- 1.05 pmolA as a reflection 
of vitamin 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 assumed to exist if 220% of a population 
of preschool children show abnormal RDR (220%) values. 

* TanumiMjo ZA, Barua AB, OIsonJA Use of 3,4-didehydroretinot to assess vitamin A status in rats. Inernationd 
journd of Vitmin Nutrib'on Reseach, 1987,57: 127-32. 

"~vdilabte from &timid Service, l o l ~ a  State Univenrty, h s ,  lm, USA k>ikwuing several 
notice to Dr Sherry Tanumihatdjo (Tel: 5 15-2942646; Fax: S 1 5-294-4 14 l ; e-mail: shemiasta*.edu). 

(a) Fiores W, d al. P\ssessmnt of marginal in A deficiency in Brazilian children using the reldve dose 
respw procedure. A m e ~ m  joumd CIinicd Nutdon, 1984,40: 128 1-9; 

(b) W M  PIA, et al. h p a r i x t n  of the Mif ied  relative dose r a p e  (MRC>R) and the relative dose 
(RDR) in the asser;sm& of in malnowished children. Ameriun jaurnd of Cl inid 

Nuaition, 1995, 6 1 : 1253-6. 

47(a) Repon an the prevdence :eof incdequ- vitanin A nuaiture in presdool hildren of No& and Northeast 
Division, &pt. of tie*, Ministsy a f  Public He* and 1 
,%M, 1991. 

Study on the prevaleme of 
Community Hed& and Disease Surve ibe  Newslemr, Yd. M, No. l, jan-Mar, 1995. 



I W. V m i n  A supplements should be given to ppul&ons or clusters of children where a severe 
problem is d&e&ed by a high prevdence (230%) of psit ie RElR values, and considerrjd where 
p ~ v a l e ~ e  is modeweb severe (220-~30%). When a suitable in A-rich local food, or 
A-fortified f d  product, is available, consistent comumpon will also reduce the prevalence of positive 
Wk.* A food approach should be encouraged wherrjver feasible as a sustainable interndon for 
replacing supplements wEthin a specified perid. 

105. InterpreMon: MRDR The ratio D W  has been evaluated in a variety of ppulation groups 
whose in A status ranged from normal to abnormal, and its reprducibi1rt)l evaluated," 
Experience to date suggests that a moderate public health problem exists when 220 - ~ 3 0 %  of a 
general population has ratios 20.06, and a severe problem when 230% of a population" preschool 
children are classified as deficient, 

106. Table l I summarizes the prevalence for determining if an important public health problem 
exists using either the RDR (cut-off for deficiency = r 20%) or MRDR (cut-ofl for deficiency is DRfR. 
ratio = 20.06). 

Table I I 

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

"Mnimum sanpk size f i r  cnticgcafid prevdene with relative precifion of 20% cnd 50% at the 95% anfidencr, level. 
See cnnex 4. 

* Mariath 1, Lima M, Santos L. Vrtamin A act* of Buriti (IMauritia Vin@ra Mcrt) and its effectiveness in the 
treatment and prevehn of xempMhalmia, Americon Journd of Cl inid Nuoition, 1989,49:&49-53. 

49(a) TanumiMjo SA, Kmllner PG, Olson JA. The modhd relative-dose-respome assay as an indiamr of 
in a popuidon of well-muriskd h r i c a n  children. A m e r i a  Journd of Cl inid Nuaition, 

1990,52: 1064-7; 
(b) Tmumihanl@ SA, et al. V m i n  A status in p r ~ M - v  ian d-tildren as assessed by the 

relative4ose-m~e assay. Amen'cat journd of Cl inid , 1990,52: 1068-72; 
(c) TmumihaKfjo SA, 015m jA The reprcwjucibiliry of the mcxlified eta& dose MWR)  assay in 

k & y  individuals over time and its comparison vvEb-, c* C). &ropr?cn 
Journd ofrCIinicd Nubition, 199 l ,45:407- 1 i . 

et al. Vmin  A status of Indonesian children infeaed vvith Aswis l umbr i a~es  after 
n A suppkments and afkndazde. Amerim joumd of CIinicd Nutrition, 

1995; 126:45 1-7. 



Serum 30-day dose response test (fS30DRY 

107. Biological features. The basic principles behi,?d the +S30DR are similar on a population basis 
to that of the RDR and MRDR. Thus a population with a significant number of vitamin Adeficierrt 
individuals at baseline as measured by the distribution curve of serum levels will respond to 
improvement in vitamin A status in the population by a s h i  in the I& portion of the distribution cuw, 
which is demonstrable about 30-45 days (or longer depending on the type of programme) following 
the implementation of a vitamin A intervention programme. The approach has been applied most 
often to evaluate megadose supplementation programmes. The assumption is that, on a population 
basis, a significant number of individuals have vitamin A levels below what their homeost;rtic level 
would be if their vitamin A status were adequate. This indicator is most appropribtr! in monitoring the 
effectiveness of intervention programmes for improving vitamin A status in a specified recipient 
population or geographic area. 

108. Acceptabil'ity. The acceptability of the procedure is dependent on the willingness of a 
population to provide blood samples. Because the procedure involves obtaining two blood samples 
from the same child about 30 days apart, it is more likely to be acceptable than obtaining blood twice 
from the same subject within about 5 hours, as required for the OR.  On the other hand, unlike the 
RDR or MRDR, both of which can be evaluated at the individual level, the fS30DR can be 
interpreted only at the population level. 

109. Technical feasibility. The procedure is to obtain a fasting blood sample before, and 30-45 
days after, introduction of a vitamin A intervention programme, such as providing mega-dose (200 000 
IU) vitamin A supplements to a selected population, usually preschool-aged children. Blood samples 
are obtained from a randomly selected population at baseline, and repeated on the same population 
at 30-45 days post-dosing. A laboratory that is equipped to do vitamin A determination by any 
standard procedure providing reliable results is required. Colorimetry is not recommended. 

I 10. Interpretation. Experience in using this procedure to evaluate the effectiveness of a 
communrty-based, periodic universal distribution of mega-doses of vitamin A in Northeast Brazil 
demonstated a shfi in the left portion of the population distribution curve in response to successive 
distribution roundsmS' Movement 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 progmme, a sensitivity of 88% and a specificrty of 70% were found. 

I l I . The +S30DR is calculated as follows: T, - To X 1 00 

Tl 

in A levels in cross-sectionai surveys and in sumys 
&4 8( W n  JA (eds), A briefguide m arrrent meahods of 

in A ComuItarive Group (NACG), The Nutrition 
Foundation, Washington, D.C., 1993. 

Fiores H, et al. Serum in A distritwtion curve for children aged 2-6 y h w  to have adqmte 
status: a ~ f e r e x c  population. Ameriucn)ournd ofC/ in id  Nupitun, 199 1,54:707- 1 1 .  



where T, is the serum in A value 30-45 days after an intervention, and To is the baseline level 
before the i&emntion. A c&-off of 220% is used to identrfjl a deficient insfividual at baseline. The 
prevalence of positive -i-S30DR to i d e w  a public health problem is given in Table t 2. 

Table 12 

Prevalence of positive +S30DR value in children 1-6 years of age 
and minimum sample sizes for identrfying a VAD public he& problem 

"Mnjmum sanple size fbr anticgad prevdence with relative precision of 20% and 50% at the 95% confidence /eve/. 
See mnex 4. 

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

3.23 Histological indicator 

Impression cytology 

1 13. Biological features. Vitamin A deficiency generally means that the integrity of epithelial cells 
is compromised, The presence of vitamin A allows stem cells to transform to mucin-secreting cells 
(goblet cells) while maintaining the columnar epithelia1 cells. By exmining the morphology of 
epithelial cells obtained from the conjunctjval surface on a piece of fitter-paper, it is possible to assess 

have occurred that are associated with in A deficiency. A norrnal impression 
11 reveal sheets of small epitt-relial cells and an abundance of mucin-secreting 
in A deficieq, the epitt7elial cells are flaeened and enlaqed, and there is a 

marked reduction or hence of goblet cells," 

l 14. Accegtabilrt)., Impression qology generally has been well accepted in the field among 
children 3 yews of age, In some cuftures, investigators have successfully obtained specimens 

G, et al. fmpmsion cytology for de&on of 
1989, 105: 1224-8. 



even in infants. 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 filter-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 closely to serum retinol levels.s4 However, in some cultures 
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 general, appears less invasive. 

l l 5. Technical feasibiltty. Samples are obtained by applying a small strip of filter-paper of standard 
pore size to the lower temporal surface of the conjunctiva of one eye, followed by a separate strip 
applied to the other eye. This can be done by hand-touch or disk applicator contact of filter-paper 
with the conjunctiva. Pradcal experience is critical to obtaining good specimens by either technique. 
There is then a choice of two procedures for handling specimens. 

I 16. ICT." For impression cytology with transfer ( 1 0 )  the sample 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 requirements. However, 
clean slides and good practice are crucial 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. Practically speaking, I0- 
12 slides can be stained at once in a container. The stain for the ICT is inexpensive, readily available 
and quite stable. ICT samples are minimally affected by exposure from atmospheric moisture during 
storage and can be retained indefinitely without mounting. 

1 17. 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 95% alcohol then l 00% alcohol baths that totally dehydrate the paper with the stained 
cells. The dried paper is made transpa~nt by soakrng in xylene, and the transparent strip is mounted 

" Qolhede CL, et al. Conjunctjval impression cyto1og)t: fea~ibi~ty of a field trial to detect suklinical 
&ficiency. Americm journd of Clinicd Nubition, 1 989, 49990-4. 

Keenurn DG, et al, hsessment of in A status by a disk applicator for conjurwrtiml impression cytology. 
Archives of Ophthdmology, 1990, 108: 1436-4 l .  

"(a) Luzeau, R, et al. lmpressim cjtology with mder :  an easy methcld for detection of 
tnternatbnd lournd in Nubition Resecrdr, 1988, 58: t 66-70; 

(b) CatJier C, et al. h j  pression cytology with m d e r  as a field-applidie ind 
for mass smening. In&rnatrbndjournd of Qidemiology, 1992,2 1 :373-80. 

W q n n  JRet al. ICEPO Trainillg manual. Assessment ofvitarnin A stohrs by impression cytology. Dana Center 
for Preventita Ophthalmology, S c k i  of Hygiene and Public We* of The )ohm Hopkirs University, Mm=, 
M@&, USA, 1988. 



sing Penmount, must be taken to avoid moisture during mounting and storage because this will 
render the strip opaque and unreadatrle. Acfiieving these conditions may be dificutt in some 
environments. Samples that become opaque can be, kscued" before mounting by reinmenion in 
100% ethanol, Ptn ewriexed technician should bz: able to stain about 100- 1 50 slides per day. 

1 18. Technical rrtquirements. Bdtfi CIC and 1CT require slides, smtdard pore size fiker- 
and a simple light mi . The dgerence is for I 0  a single staining solution is invokred 
CIC requires more reagents and processing steps for fixing, staining and mounting specimens. 
Chemicals for CIC may be diffiak to obtain and re ly expensive in some 
hand, CIC avoids difficuities that can occur with ICT in obtaining an efficie 
quality from f ikr paper to slide. 

1 1 9. For standardidon in obtaining specimens, at least l00 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 easyI especially from young children, nor is perfecting the technique of ning 
cells to slides without smearing for purposes of ICT. For either technique, staining should be done 
by someone who is well-trained. This is all the more important where the CIC procedure is 
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 
cells is not transfemd and available for evaluation. 

120. Interpretation. Interpretation of slides is extremely important, and variabiltty within and across 
studies has hindered this technique's widespread use. Standardization exercises, therefore, become 
critical in evaluating inter- and intra-observer variability. In Thailand, it has been demonstmted that 
following 3 days of intensive fieid-worker training, there was approximately 70-9056 agreement with 
an experienced trainer. Training should be continued until Kappa values above at least 0.8 are 
achieved, It is important to have reference slides or photographs against which unknown slides can 
be compared. Possible ways of compensating for the subjective nature of this technique include 
having two readen and accepng as definitive only identical interpretdons made by both. 
Discrepancies should be resolved by examining the slide further until a consensus is reached. 

12 1. Cost. For ICT the cost, excluding labour, in Thailand was approximately US$O. 15 per 
specimen, while for CIC it was approximately USR.25-0.30 per specimen. Higher cost estimates 
for CIC, ranging from US$0.80/person (about 1000-spcimen volume) to US$3.00/penon (about 
100-specimen volume), are reported from the USA. A standwd qualrty light microscope is required 
(US$2000-3W), aWIough some improvement in readings may be realized with higher quality 

The cost of the microscov represents the only capital d a y .  There is some addtional 
in the training and mktintenwlce (safary) of a microscopist, which is a critical CO 

These costs can be sign%&, as the eading of each slide can take as long as 3-5 minutes, or 20 slides 
per hour, and no more than 100 slides per day. There are als nance costs associated with 
renewal of the reagenb for CIC, some of vvhich may become 

assess perfomance, a set of efenme slides m 
A there is no indiaor be used as an unquaiified 

v h i n  A status aginst whic or ICf specific@ and sensitiwty can be e 
of GIG or ICT againsl various reveal very dfierent interpretations as 



Mriability noted in the table is not surprising because each of the assessment indicators is measuring 
a different phenomenon in relation to vitamin A status. Probably the most logid comparison is 
between impression c/tology and Bitot's spots because both indicators reflect different stages of 
altered cell morphology. The relatively low sensitiq andfor specificrty relative to other non-ocular 
indicators of vitamin A status highligtrt the importance of using more than one indicator to assess 
subclinical vitamin A status to determine if an impomt public health problem exists. 

Table 13 

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

' Used lCT 
* UsedClC 

" W w n n  J R et al. Deteaion of early xerophthaimia by impression cytology. Ardives of Ophthdmofogy, 1986, 
104~237-9. 

, G et al. lmpressi~l *do@ for detection of 
1987, 105: 1224-8. 

knikoff S et d. Impression cytology diseases. i n ~ f n d n d  
Ophthdmobgy, 1992, 16:445-5 l. 

Gadornski AM et al. Conju imvession qdo@ to detect sukfinical in A deflc ie~: compafi~n of 
CIC biochical assmments. AmericcnJoumd of CIinicd Ntftritjon, l989,49:495-500. 



123. IMerpreMon. There is no generatly accepted reference standard for the dassifidon of 
on the basis of impression ww  din^. Cumndy th 

are in W, one in Which specimens are grouped as normal or abnomd b 
goblet cells or of mucjn spots,5' d the other tvvo vvith two addi 
based on the quality of epithetid tissue.".55 The consuM 
dassifldon be made only when bath eyes are observed to be , If a sli& is adtable for one 
eye onty, the fdiovving recommenddon pertajns: if the slide is normal, then the child is dasslfred as 
n o d ;  ifthe sli normal, it shoutd be classified as uninterpretable and the individual excluded 
from the denom~ r dcufating prevalence rates since classifidon cannot be confirmed with a 
second impression. 

124. The presence of mucin spots, which may be numerous in CIC specimens, has been difficult 
to interpret. With a defined training pmgmme by experienced penonnel, specimen interp 
skills are said to be readily transferable." Based on general experience where such special training is 
not available, the consubtion recommended that interpretation of impression cytology specimens 
should be based excfusiveb on the morphdw of the epithelial cells, and the presence and number 
of goblet cek. The p~valences suggeed to i d e m  a public health problem are shown in Table 14. 

125. Limitations. There is a higher probability of an abnormal reading in populations with a high 
incidence of irtflmmatoy ocular diseases like trachoma and conjunctivitis. This technique cannot be 
used alone to determine the prevalence of Vlf4D in such populations, i.e. where the combined rate 
of conjunctivitis and trachoma is more than 5% of the population.59 

126. m e  experience of most field staff has been that good quality impressions are difficutt to obtain 
from children under 24 months of age. The technique is more easily replicated in children 24-7 1 
months of age and older. lrrterpretaton 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 to 
vitamin A deficiency, e.g. limb$vemal keratoconjunctivitis. Validation studies are encouraged before 
recommending impression cytology for use asan indicator of VAD for other age groups, in particular 
school children and pregnant and lactating women.61 

6 % ~  DS, & d. Inter- emuci%I'@ ofonc: hwwired CO impression ((CIC-A) s w m m  
from Nepal, lnvest'gotive Ophdrdmology & Visud Sciene, 1992,33:( 2583). 

a Sb& p1, et J. Conj impmsion cytology as an indktor of 
wmn Amehmfoumd of N u m n ,  1993,58: 1 67-73. 



Table 14 

Prevalence of abnormal impression cytology In children 24-7 months of age 
and minimum sample size for identifying a VAD public health problema 

" These cut-ofpoinn cre provisiond. To e&Iish cut-ofpoinn, it is necessay to determine the rate ofabnomd CIC 
or /Cl in o hedthy population in w h i h  there is no biohemicd evidence ofsubdinid deficiency, m d  to cornpcre this with 
the relcrtive rate ofdnormd impres*ns in populcftions with distina degrees of VAD, as assessed by serum retinol, RDR 
or MRDR. 

Mnimum sanple size f i r  mtidpated prevdence with relative precision of 20% and 50% ot the 95% confidence level. 
See mnex 4. 

1 27. Uses. Given that impression cytology reflects the long-term effects of vitamin A deficiency in 
a population, i.e. is slow 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 combining CIC or ICT with one or more additional other indicator(s) such as serum retinol, 
dietary intake, or RDR (MRDR). 



KI IV. ECOLOGlC ,,, iND RELATED INU 

4.1 Purpose and use of indirect indicators associated with VAD 

128, B io lad  indi-ors, both clinical (xerophthalmia) and biochemid, are widely used to assess 
the prevalence and severity of VAD, and to evaluate the effectiveness of VAD control progmmes, 
Another series of indicaton of "risk" were discussed at the consuMon, which we referred to as 
"ecologid' and related indicators that have been associated Mtith the uclustering" of VAD. Ecological 
and related indicators help to i d e w  areas/populations where VAD is likely to be prevalent by 
focusing on factors that are resvsible for, or contribute to, the problem's occurrence. Assessment 
of these risk indicators provides crucial information for planning and targe?ting VAD welt-suked 
interventions, thus increasing the likelihood of programme eRectiveness at the communrty level. 
These indirect indidors do not replace biological indicaton and cannot be used alone for 
determining the vitamin A s m s  of populations, or to define whether a population has a VAD 
problem of public he& significance. However, a composite based on them can be used to 
corroborate biological criteria to detemine if there is a public health problem. 

129. The objectives for gathering information on indirect indicators are as folfows: 

+ ideming areas/populations likely to be at high risk for vitamin A deficiency and where 
more specific biological investigations are needed; 

+ planning VAC, control programmes where there is a problem; 
+ monitoring progress of vitamin A control programmes within a development framework; 
+ engaging in advocacy to ensure that vitamin A health is given appropriate consideration 

within programmes to improve health, and social and economic development. 

130. The ecological and related indicaton could be collected in the course of any demographic, 
socioeconomic or health and nutrition surveillance activrty. In practice much of the information is 
probably already available through existing national suweillance systems. 

13 I .  Some relevant ecologid and related indiaton, which can be measured in surveys or 
suweillance programmes, include: 

4 nutrilional status infornation, food am'labilrty, food-consumpbon patterns and levels of 
intake among winerable group; 

4 itiness-~lated indi&on; 
4 socl'oeconomic indidon, 



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

133. Relatively little research has been done to evaluate the relationship b e e n  ecological and 
related indirect indicators and VAD. The proposed interpreMons given to them in this section, 
therefore, should be viewed as suggestive. They will need modifrdon both in the light affu*r field 
testing, and in consideration of local contexts. 

4.2 W utritional status and diet-related indicators 

43.1 Breast-feeding pattems 

134. A pattern of breast-feeding to 1 8 months, inclusive of vitamin A-containing complementary 
foods from 6 months onwards, is protective against clinical VAD even beyond the time of cessation 
of all breast-milk feeds." Vitamin A-containing complementary foods, or vitamin A supplements, are 
needed from about 6 months of age to maintain adequate body stores, particularly where mothers 
themselves are malnourished." 

135. Feasibility and performance. D& on breast-feeding patterns are often available in 
demographic and heatth surveys (DHS), or other surveys, e.g. related to implementation of the joint 
WHO/UNICEF Baby-friendly Hospital Initiative (BFHI). 

1 36. Suggested interpretation. Where maternal malnutrition is prevalent, there is a risk of VAD 
in infwrts when: (a) 250% are not receiving breast milk at 6 months of age; (b) when ~ 7 5 %  of 6- 1 7 
month olds do not receive vitamin A-containing complementary foods at least thee times per week. 

4.23 Anthropometric indicators of PEM 

1 37. Stunting (C-2 2-scores for ht/age) is a surrogate measure of chronic dietary deprivation and 
other environmental facton that are associated with VAD. Wastjng (K-2 21-scores for W) is a 
measure of inadequate food intake, which is also associated with increased risk of VAD. 

63 M M d i s  D. B& feeding and in A deficiency among &Men attending d 
w a d a h :  a case-cQntrd study. Br~a Medid four&, 199 l ,  303:493-6. 

(a) b m  KW, M.4, b r m n  AD, Ahmed MG. b a ~ o n a l  of manally nourished mwn: 
relatiomhips betvveen mtemal n d d  status and quanw and proxtma* composition of milk. P e d i b o ,  

M risk facton for xerophMmia in &h, Indonesia: a caseiconttd 
Americonjrrumd of N\ tumn, 199 1,53: 1460-5. 



1 38. Feasibility and performance. Anthropometric data are available from nearly all countries, 
WHO has recently established updated age and sex-specific reference criteria for interprf3tjng 
anthropmetric indices." 

139. Suggested interpretation. A prevalence of skrnting (Wage) 230% in children under 5 years, 
and uvasting (*t) r 10% in children under 5 years identifies a high-risk aredpopulation for vitamin 
A deficiency.65 

4 3 3  Prevalence of low birth weight (LBW) 

140. A high prevalence of LBW ( ~ 2 . 5  kg) reflects maternal undernutrition. It also suggests the 
l ikelihd that body stores of vitamin A, limited in all newboms, are even lower or virtually absent." 
LBW infants are thus at increased risk dVAD not only at birth but subsequently if they are breast-fed 
by malnourished mothers in areas of endemic VAD. 

14 1. Feasibility and performance. Current data may be difficult to obtain from existing I d  
demographic information. WHO has tabulated available global data.67 

142. Suggested interpretation. A prevalence of r 15% LBW suggests a high-risk arealpopulation. 

4.2.4 Market and household food availability 

143. Home and/or market surveys of the availability of vitamin A-containing foods are useful." At 
the market level a list of the important vitamin A-containing foods purchased by communities, and a 
rough estimate of quantities available by season and their unit costs for the size of the population 
served by the market can be collected from interviewing vendors. The focus should be on green le* 
and yellow vegetables, yellow fruits, red palm oil where available, and vitamin A-rich animal products 
(e.g. animal liver, whok milk and eggs). 

144. Surveys at the household level should first use focus groups of women and elders to gene* 
a list of important foods available in homes whether from the market, home production, hunting and 
gathering, or sources outride 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 worlmde magnMe of pro&inenerg>r malnutirtion: an overview from the W O  Global 
D on Child Growth. WHO &//etin, 1993,7 1 :703- 1 2. 

" (a) Wallingford JC, Unde l3A. Vrtamin A deficiency in p Iamgon, and h nursing child. In: 
A Deficiency cnd its Control. ss Inc., pp 10 1-52, 1986.; 
A and Fetinol biding protein m pre a d  term neo~tes.foumd of 

PediMa, 198 1 ,99:302-5. 

67 LOW bird, weght A &ufcttion of c~ufatrle infi?rm&n. Worfd Heafth Owia~on ,  G e m ,  1 992, 

in W, Pelto GH ( mmunrty assessment of riatu of 
studies (in p s ) ,  inte (IN 



selection of households should be visited at different seasons to see if any vitamin A sources, e.g. 
dark-green l e e  vegetables and orange-coloured vegetables and fruii, are available and andally eaten 
by young children." 

145. Feasibilrty and perfommce. Surveys of market and household food availabirity require the 
participation of a local assistant guided by a nutritionist. Adequate ttaining of staff as good facilitators 
and recorders at focus group discussions is crucial. Facilirtators should speak the local language. Urban 
areas call for consideration to be given to the specific shopping districts utilized by the sampled 
communities. 

1 46. Suggested interpr&on. A community is at high risk when vitamin A and carotene-rich foods 
become scare 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 23-times per week for 275% of households. In addition adequate amounts of 
staples and fat/oil should be consumed. The risk of VAD is greater when consumption of foods of 
animal origin does not regularly occur. 

43.5 Dietary patterns of vulnerable groups 

147. General focus group discussions with women and elders in communities are useful to obtain 
infornation on this risk indicator. Emphasis should be on regular food-use practices during pregnancy 
and lactation, complementary feeding of infants, and post-weaning diets of the young child. 
Infornation 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 
infornation is most useful when obtained from a community or region that has been stratified by 
ethnic group, ecological zone, socioeconomic status, and specific vulnerable group. 

148. Feasibility and performance. Obtaining information requires the cooperation and good will 
of local leakrs and skilled focus group facilitaton with nLRirtion experience who are fwniliar with the 
local lmguage and customs. The reliability of the infbmation is highly dependent on local cooperation 
and the skill of the focus group leader, including knowledge of the provit;unin A-containing foods in 
the area. 

149. Suggested interpretation, An adequate dietary pattem among vulnerable groups means 
consumpcron of in A-rich f d s  three or more times per week together vvith the use of sufftcient 

and some foods ai origin in 275% of the populatjon. At-ri 
and lactating women, children during the period of compleme 

fully weaned children through 5 years of age. 

69 T I, et al. Dietary p d c e s  and xeroprthalmia m% Indonesian dtiildren. America? joumd of Cf inid 
Nmm, l982,35:5748 I .  

48 



43.6 SemSquan&tive and qualitatEve measures of f d  cansump-tion 

1 50, There are methodol&es fo ng rapid assessments (qual 
of food consumption in relation to dning f d s ,  bo* 
specihc at-risk groups." The rapid survey pmedues obtain a history afthe wual kque 
A-a~ontaining f d s  corsumed in h duals over a deft& period, e.g. a day, week 
or month. This is not a suwey ~ndividual foods consumed, but with trained 

mates can be made. The primary pu is to dcrtrstrmim hether 
consumed frequently enou* in fam a whole, or by at-risk 

individuafs within families, to meet their probable needs, i.e, to rank them as being at risk of 
inadequ& intake. Consumption data provide supportive information for biotecal indiaors for 
identivng high-risk populations, for forming process indicators of fd-based intemntiom and for 
tailoring food-based intervention programmes to the context in which they will be implememd. 

1 5 1. Limita.tions. A recall method gives quick and usefui infomation, but: 

+ it repesents consumption patterns over only a limited time (usually a week or less), it can 
be atypical of usual diet (especially in case of illness or on festive occasions), and it can miss 
seasonal ~at ions;  

+ the data provide only for consumpon frequency, unless surveyors are trained to 
approach consumptron levels semi-quhtively; 

+ random sampling is essential to avoid bias in villages selected and households interviewed; 
+ if there is a special market in the village on a particular day, the timing ofthe visit in relation 

to the market may influence the results; 
+ it does not directly provide information on why certain foods are or are not given (e.g. 

before a certain age). 

152. The mother (or other care-giver) of each child of the age range chosen in the randomly 
selected households should be interviewed in the home or in a neutral public place, and not in a 
health facillty or by a regular he& worker since this would likely produce biased answers. The 
interviewer should be fluent in the language ofthe person being interviewed and questions should be 
asked in the vernacular. Care must be taken to avoid asking leading questions or promptrng replies. 

153. Feasibility and performance. The information should be obtained from populddons that have 
been sufficiently sampled by ethnic group, soci~conomic status and ecological zone to ensure 
represeMon of all at-risk groups, Local interviewen, trained and monitored by a nutritionist, are 

as an indirect indicator of VAD is dependent on the skills of intentiewn and the 
avai1abilit)l of rewnably complFste regional fd-comwition data. It is not necessary to know every 
detail, however, e.g. the carotenoid coaent of individual dark-geen leafy vegewes, 

(a) U d e  . Guidelines @r the development ofa sjmpiified dieuly mssment tr, idenw p u p s  
a& intdce of v m i n  A. IVACShCjl Nchritim b d a t i o m ,  Washingon D.C., l 989; 

@) fksen, DS Conducting o q u d W e  A m e n t  o f v h i n  A depcjency. A @id guide fbr pmgrm manwrs. 
Vitamin A Technd Pss , New York, 1992. 



154. Suggested interpretation. The approach measures in a qualitative or semiquwrMative 
manner actual frequency of vit.unin A-co&ning food intake by vulnerable groups (as opposed to food 
aMilability and usual behaviour). The data are useful for population assessment but not for idemng 
the needs of the individual. The data are analysed by food groups according to the age of the child. 
This m 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 physiological group, can be calculated. When foods with high vitamin A content are 
consumed <3 times weekly in 275% of the vulnerable groups, there is a high risk of inadequate 
vitamin A status. 

43.7 Beliefs and attitudes concerning food 

1 55. Information about beliefs and attitudes related to food is best obtained by using ethnographic 
techniques such as focus-group discussions with women and elden in the communities surveyed, key 
informant interviews or 0bservation5.~~~~' Focus groups should be stratified by ethnic group, 
socioeconomic status and ecological zone, and should include separate sessions for each vulnerable 
group (i.e. pregnant and lactating women, and mathen of infants and preschool children), depending 
on the quantrty 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 health specifically. It should seek ideas from the community about how best to 
improve availabilrty and use of vitamin A-rich foods and foods containing auxiliary nutrients. This 
approach is dependent on interest and support from local leaden and the skill of focus-group 
facilitators. 

1 56. Suggested interpretation. This information will greatly assist in developing dietary intervention 
programmes? It is essential for developing appropriate materials for education and social marketing 
programmes to change food consumpbon patterns. Quanthative evaluation of this type of infbrmdon 
is difficult and should only be done within specific ethnic, sex or age groups who hold common beliefs. 

4.3 Illness-related indicators 

1 57. A general picture ofthe prevalence among the preschool-aged population of the main relevant 
illnesses (PEM, measles, and respiratory diseases); immunization 
measles; and anthropom is usually availabie from demographic su 
obtained from government offices. In their absence, some information can be obtained by adding 
simple questions to a di questionnaie, for example as show in Annex 3. However, it may be 

to e ~ i i s h  a childfs immuniAon status outside a health f ' lrt), (e.g. if a child has had measles 
vaccination) unless the mother holds the child" growtfi chart or immunization card on which such 
infornation is recorded. 

7 1 Culture, envitonmnt and Id to prevent in A deficjency. Kuhnlein, W and Peb,  GH (S!$), (in 
lnterrrational N M m  Foundation for Developing Countries (INFW, Won,  MA, 1996. 



43.1 Immunization coverage rates 

158. Sunreitlance and repotting using a -dad c l m r  sampling design is routine in 
programmes worfMde. This information is adfable in most counbies and need not be 
in special VAD suTve)"s. Covewe rates are an indirect indiaor of heaith s)lstem mmagement, 
especialfy when the EP1 programme is integmed into primary health 

159. Suggested iaerpreMon. The risk of VAD is increased when coverage rates for full 
immuninGon, particuiariy for measles, &l below 50% for 1 2-23 month-old-children. 

4 3 3  Measfes case fatality rate (CFIR) 

1 60. The association established in i onal settings between measles severiy and VAD makes 
the measles CFR a possible marker for populations in which VAD poses a serious public health 
problem. Atthough dinid studies have dearly delineated the relationship n measles CFR and 
VAD, more epidemiologid studies are needed to measure the exact sensitivtty of poor vitamin A 
status in the community and high measles CFR 

1 6 1. Feasibility and performance. The routine collection of the communrty measles CFR can be 
problematic unless community health workers have been specifically trained to recognize measles 
symptoms and collect relevant infom;rtion. lnformatjon on the measles CFR in an area can be 
obtained from clinic and district hospital records butthis may provide biased resub. Data gathered 
this way, from existing records for which the process of collection is already in place, is therefore a 
cost-effective approach when the objective is to identrfy high-risk population of VAD, and measles- 
related blindness and mortality. Although more serious cases tend to go to hospital, they also receive 
better treatment. 

162. Suggested interpretation. A measles CFR of =? I % in communrty, clinic or district hospital 
records denotes a high-risk area. G i n  the clear relationship bentveen vitamin A status and measles 
CFR, it is recommended that vitamin A intervention be undertaken in any community/populaGon 
where the measles CFR exceeds I 5%. 

433  Disease prevalence rates 

163. Disease p~valence rates, @culwly diarrhoeat disease and febrile infectiom, are associated 
depressed absorption efficienq, andlor increased m lic utilia$on and 
Their prevafence can assist in identrfylng high-risk areas/populbtions, 

case rates in a communrty either during an e@emk or in a high@ 
miah, Wodd Health Omitation, WOfiPlk;Er\lP3.3, GEM, 

1993. 

jO, et al. U r i w  exm*n of dnd in d-tildren with acute l o u d  of Clinid 
n, 1 %5;6 1 : 1273-6; 

(b) S*pheen CB, et d. V m i n  A emtfd in .the urine during a& i . Amerim journd of Cfinicd 



Diarrhoea episode rates (incidencefpredence) i 
1 64. The vergistic relationship between diarrhoeal ciisease (DD) and VAD has been the focus of 
many epidemiologic morbidrty and mortalrty studies where vitamin A is concerned. The impact of 
vitamin A supplementation on diarrhoea incidence rates continues to be investigated. An increased 
risk of VAD, the seventy of the diarrhoeal episode, and hence the risk of fatals@ has been associated 
with DD at individual and population levels." 

1 65. While assessment of DD incidence in a region may be helpful in identrfyrng populations at high 
risk of VAD, its prime usefulness lies in applying such information for disease targeting of vitamin A 
control programmes, and for monitoring and evaluating control strategies that promote beast-feeding 
and healthy complementary feeding practices. The available data suggest that providing vitamin A 
supplements may not influence the seventy of a diarrhoeal episode. However, contact with the 
medical system for a current episode permits administration of a vitamin A supplement that will 
improve the subject's vitamin A status and decrease the seventy of the next episode. 

l 
166. Feasibilrty and performance. Data collected by interview on the incidence and 
period-prevalence of DD, although obtained in most cross-sectional health surveys, are not always I 

i 
reliable given the inverse relationship between accuracy and period of recall. The terminology defining I 

diarrhoea1 episodes varies considerably between groups and regions. The case definition of DD , 

requires initial qualitative analysis of local terms and perceptions related to DD for standardization prior 
to beginning comrnunrty-based interviews. 

1 67. Suggested interpretation. Quantitative information on D D  episodes, duration, frequency of 
stooling, and consistency of stools can be used to determine prevalence of persistent and severe 
diarrhoea. A two-week period prevalence of D D  2.20% in the selected population may be used to 
ident6y populations at risk of VAD. However, this criterion should be further validated by field studies 
that more directly measure vitamin A status among populations with different period-prevalence rates. 

Fever and helminthic infection rates 

1 68. Both fever-irrespective of etiology-and heavy worm loads usually depress appetite and 
nutrient absorptton efficiency and retention. Both conditions are also associated with depressed 
circulating blood levels of in A. In febrile conditions, there is evidence of an increased urinary loss 

in A which suggte* that frequent febrile states contribute to VAD.~ When priod-prevalence 
rates are high, therefore, risk of VAD is expected to increase. 

Nutrition, 1994;60:388-92. 

74(a) Ghana VAST S a y  Team. V m i n  A ssupplemntation in not-them Ghana: e&cts on clinic attend==, bpitat 
admissiorrs, and child mortal@, Lmet 1993;342:7- 12; 

@> , Plt et at. Efi& of and acute lowr-respirator)l-bact iRf&om 
in young children in W1. Lacet 1994;344:228-23 1 . 



169. Sugested interpretatjon. In preschool-aged ppulations, a WO-week fever period 
prevalence of 220% indiaes an arealpopulirtion at increased risk of VibcD, as dues prevalence of 
helminthic infedon of 250% in the preschool-aged group, 

4.4 Socioeconomic indicaitors 

usekfl as pointen to a population" sineMtiit). to VAD and, as 
in A interndon progmrne, pahculady when no clinicat, 

biochemid or dietary surveys have been done. However, and despite their possible use for 
purposes, because these indidon lack both sens and specificity they are of no use in 

monaoring and eduating the impact of a a m i n  A pmgmme. Thm@ the consuMon had no 
solid basis for establishing relevant iae rp re~on  criteria in detemining risk of VAD, it made some 
suggestions that could assist in the relative ranking of areas/popula%ons. These indicaton are most 
us&l as supporting evidence of other, more specific, biologic and ecofogic indimton of wlnerabilrty 
to vm. 

4.4.1 Maternal educa1;ion and literacy 

1 7 1 . There is a consistent inverted relationship between VAD prevalence and maternal education 
and literacy. Possible indicators include: 

+ % of literacy among adult women; 
+ % of school attendance by girls aged 6- f 2 years; 
+ adequacy of xhool cum'cuIum on the causes] manifestatons, diagnosis, mangement and 

prevention of VBD. 

172. Such data are usually available nationally, but not necessarily disaggregated to provincial or 
district levels. They are nevertheless useful as a general guide to areas where one may expect to find 
VAD, and to improving the prospect of success in promoting VAD control. 

173. Suggested interprdon. No schooling or illiteracy in >SO% of women 15-44 years of age 
is associated with a high wlnerabilrty to VAD when evaluated along wlth food availabilit). and dietary 
patterns of p~school-aged children. 

174, In many couMries VbD prevalence is cIosely corefated W& poverty, tow-income families 
are unable to afford frequent corrsumptron of foals of animal ori$n, the vegetable Is ffruits that m 
the main non-animal sources of dietay in A or kt, which faci1"Mes abso'ption of p in A 
sources. LOW incorn, coup[& with the us& lack of knodedge about VPJI, and h nutrient content 
of common foods, conhibute to a very high risk of VAC). Since reliable income data, are dacuh and 
costly to o k n  a d  analyse, alternative data which may tte easier to collect, essent-jally from urban 
populdons, include: 



+ % of households having regularly employed member(s) 
+ % of household income spent on food. 

175. Collecting such information in a simple VAD survey may be unwarranted, but it could already 
be available from, or included in, national household surveys, food~onsumption and budget surveys, 
general nutrition or specific micronutrient surveys, or the framework of a health or socioeconomic 
survey or surveillance system. 

176. Suggested interpretation for high risk might be: 

Households: no regular employment (urban family) with >70% of income spent 
on food 

Communrty: >50% households spend >70% of income on food 

4.43. Water supply and sanitation 

177. The main indicators would be the classic ones for water supply and sanitation: 

+ % of households (I) urban (ii) rural having an adequate and safe water supply 
+ % of households (I) urban (ii) rural having adequate sanitation (human-waste 

disposal) 

178. These data are commonly collected by national he& authorities on an annual or periodic 
basis, often with the support of external agencies including international and bilateral organizations. 
A quite comprehensive system of reporting was instituted in the framework of the International Water 
and Sanitation Decade (1 98 1 - 1990) often disaggregated to the provincial or even district level. For 
the most part these data are already available from other reporting systems within countries. 

179. Countries have usually adopted their own criteria by which water supply and sanitation 
coverage is considered "low" or "adequate". Low percentages for these indicators point to low- 
income populations at high risk of infections from water- and faecal-borne diseases, especially 
diarrhoeal diseases or ascariasis, which are liable to provoke frank vitamin A deficiency. This situation 
requires concurrent measures to improve em/ironmental health --including food safety and personal 
hygiene- in any action programme to improve vitamin A status. 

180. Suggested interpretaton: There is a high probabilrty of VAD if, in addition to king at risk 
based on diet and illness-related factors, <SO% of households have a safe water suppiy. 

44.4 Access to health and social services 

18 I .  Populat-iors physically remote from health and social services are often more prone to VPD, 
partly because of low sctcimcanomic but also because of frequent or severe infections due to 
low immuniza~on rates and inadequate treatment. Some low-income urbwl/periurban households, 
which may make Ide use of health services, even when available, are l ike~se at risk. 



provincial or 
unit, These 

data wwld s&ce to defim iy poorly served weas and popul&ons, and it wotfld thus not k 
on a special part af in A pmgramm&s, 

1 83. The proposed irxji-s relate to: 

4 di ofthe wpu!Aon from the mare& he& wit; 
+ infection-elated service indiaors like immuniation rates (these are covered in the 

premdit-rg section) ancl % use of 0%; 
+ utilidon of MCt-4 services/ 1000 ppufatjon in pripheral health units; 
+ a?rajlabitity of n d o n  educa~on about VAD, 

184, Only data on nutrition edmtion activities could be anticipated to have some died relation 
to VAD prevalence. VAC, couid still occur in the presence of such activitjes, i,e, reports on advities 
could be psiive even though the relevance and efficacy of the activities may bt3 low. 

1 85, Suggested interp on. These data primarily indicate only populatiom generally at high risk, 
particutarty if the services medoned are completely unahlable. Populations living in poverty > 10 
km from services are hardly likely to beneftt significantly from them unless there is some form of 
special outreach. The food system should be evaluated to confirm a populdon's wlnerability. 

4.45 Access to land 

186. In rural areas absence of land ownenhip, or of access to land, commonly mm casual-labour 
livelihood and, as a consequence, poverty. Traditional practices may dlow tenant farming to continue 
on unfavou&le terms for the tenant but without the possibility of producing enough food to meet 
fhe family's direct consumptjon needs. Criteria br "inadequate access to land" for uttimate mily focxl 
aMilabilrty have to be defined in each context. 

4.4.6 Access to agricu!&ral services and inpm 

187. Access to agricubral services and inputs may be of some use as a VAD risk criterion. 
However, in most countries, where there is no specific agricub icy in relation to 
families *out access to these services vvilt be minly at risk only of possible grater p**. 

A progmme based on dietary improvement, agricukuml exte 
a major mIe. Process or operational indicators relating to prom 

A-rich foods need to be &fimd for 

+ n d o d  policy on production and accessi 
I, agricuftural extension (edudod) actiuiti 
I, agricubraf extension inputs relating to 

seeds, fertitizen, cutting, credit, etc. 
4 access to these services, e.g. in village itself, or *in 10 km; 



+ promotion of vitamin A-contajning f d s  and related nutrition education in school andfor 
communrt), garden programmes; 

+ number of varieties of DGLV and other carotene-containing crops existing per home 
gardenfields, per household in the cornmunit).; 

@ proportion of households in pastoral areas having their own milk-producing livestock. 

1 88. Once policies have been adopted on the above-mentioned approaches and activities and gods 
defined, it should be relatively straightfo~d to establish detailed operation4 monitoring and 
evaluation systems. The relevant indicaton are expected to have low sensrtrvrty and specificit). before 
a policy and programme have been adopted. Once adopted, however, they become highly pertinent 
indictors for monitoring and evaluation purposes. 

1 89. Ecological indicaton useful for identiving and ranking areas or populations at risk of VAD are 
summarized in Table 15. The potential uses of ecological indicators and ranking of their usefulness 
for different VAD surveillance programmes are also summarized in the table. 



Table 15 
Ecafogicaf indiaon and their potential uses in VAD suweillmce 
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In order to develop cost-effective approaches in developing a VAD control programme it is 
helpful to examine possible linkages with other communrt). health or development programmes, e.g. 
breast-feeding, immuniation, iodine and iron deficiency control, primary health care, family planning, 
literacy, agricultural extension and communrty development, and a variety of programmes involving 
women, their organizations, local-level political parties, etc. In addion, schools can be an invaluable 
focaf point for promoting vitamin A-containing foods through school gardens, and formal and non- 
formal educational curricula. An important consideration is to ensure that primary and secondary 
school teachers, and other communp leaders, have sufficient teaching knowledge about vitamin A, 
the health consequences of VAD and practical local solutions. Awareness and knowledge we crucial 
to creating a local demand and sustained political commitment by instituting appropriate control 
measures. 

1 90. VAD control activities fall into three major categories: improved dietary diversity and quantrty, 
improved dietary qualrty through food fortifiation, and appropriate amount and frequency of 
supplements. It is usually appropriate to promote a mix of these activities coupled with public health 
measures to reduce the prevalence of infections and economic programmes to improve income and, 
hence, access to food, all tailored to local  circumstance^.^^ 

5.1 Improving dietary quality and quantity through dietary 
diversification 

19 1 .  The goal is to achieve continually adequate intake, defined as the recommended dietary intake 
(i.e. RDA or RDI) of vitamin A-containing foods in the context of an adequate total diet. A strategy 
to carry out this goal may d w  upon a combination of horticultural, agricubd and educational inputs, 
food fortifica~on, scxjoeconomic and social marketing (IEC) approaches, which in practice means that 
an intersectoral approach is crucial. Under most circumstances, sustained breast-feeding, while 
ensuring adequate vitamin A intake by mothers, remains the best protection against severe VAD 
throughout the complemerRary feeding years. Consideration should be given to developing IEC 
materids that concumntIy promote foods rich in in A that also contajn iron and iron absorpron 
enhances ( v h i n  C), since iron deficiency is so widespread among the same VAD vulnede 
populations. Given the vnergistic relationship en VAD and idectious and itic diseases, and 
interadorn with &er nuirients, it is also advlsaMe to address simultaneously the contrd of d i h o e d  
disease, helmin~ic infections, measles and PEM, and to improve levels of communrt). sanitation. 

" ~ u b n ~  on N ~ m .  Concrol!ing vitonin A de8cient.y. A report 
Group Meettjng on Stra1~egies for the Control of Vmin  A hficiency, 28-30 f 
St;rte-of-dlEt-m Series, N h o n  Policy dkasion Paper No, 14, fanw 1994. 



5.2 improving dietary qualiv through food fortification 

192. Food fo~cation means the addrtim of 
Fortifrdon Qf codirnerrts and f d s  such as MSG, s 
-tea Mlfiich, after start-up cos& have been m e  can k 

&rts are under m y  to ide* 
ents, pwticularty iron and iodine. 

partiemm is minirnaf, since the consumer co&nms to eat a food that is now fo6ed. One ofthe 
chnidly fortifiable f d  vehicle that is consumed in a d e q ~  amounts 

range by the at-risk populdon, manufackt~d or processed in only a few 
ons, and retains its potency and acceptability &er being f o ~ e d .  Probing tbr entially foa* 
vehicles should form part of focus-g sasions to determine food aAlability, d 

patterns and food belief3 and attitudes. U& food fortification appears to be re1 
, it has p e n  difficutt to imptement and suslain in countries vd-tere a 
developed, which is frequedy where the most wlnede populati 

The greatest success has been achieved in countries that have a middle level of developmtgt and a 
high proportion of urban population. 

193. Anather approach that has not been adequately punued is food-to-food f o ~ d o n ,  which 
involves combining a vitamin A-rich food in concentrated form with a staple food that has low vitamin 
A content. An example is solar drying of mangoes or green lea* vegetables in season, preserving 
them (perhaps in crushed or pulverized form), and combining the rehydrated product with cereals 
or paps used to feed infants and young children during the complementary and post-weaning feeding 
periods. 

5 3  Supplementation 

194. Supplementation is the delivery of vitamin A, commonly a high dose given orally, on a periodic 
basis, usually every 4-6 months. This control strategy is the most immediate and direct approach to 
improving vitamin A status and the one most widely implemented. Nhough oral supplementation with 
vitamin A can be used for both treatment and prevention of VAD, it is not recommended as a long- 
term solution unless doses at the level approximdng the RC)I can be integrated into a community- 
based delivery system. The objective of this approach is to achieve wide coverage of the selected 
group in areas of endemic VAD t h m u ~ u t  the high-risk yews by a system that is cutturally acceptable, 
adminiwvely feasible, and economically praaid. Me re  it is feasible to provide supplements at 
near-phpiologid levels at frequent intervals -perhaps weekly at 5000- l0  000 IU, or monthly at 
25 000 l& this approach should be conside~d. Low-dose supplements have greater potential in 
community control progrmms, and hence are le to a v a r i q  of e><isting i 
covemge and outreach may be pater  than that aMilable through the formal he& system. 



5.4 Public health measures 

195. Although public health measures alone are unlikely to eliminzte VAD, they can render more 
effective other intervention progmmmes, particularty food-based approaches, that seek to improve 
vitamin A intake, Thus, measures involving primary health care personnel, including those providing 
sick-child and immunization services, are a critical part of the prevention team and should be fulty 
included in all aspects of communrt). VAD control. Decreasing disease prevalence through 
immunization, wculariy measles, parasite control (e.g. dewoming) and other control and sanitation 
programmes will contribute both directly and indirectly toward VAD prevention as channels for the 
delivery of vitamin A supplements and nutrition guidance, as appropriate. 

196. Process indicators to monitor programme implementation in one or all of these areas have to 
be developed in each country, in accordance vvith the specific approaches and targets adopted in the 
national or local plan of action.76 Some generic examples of process indicators are given in Table 5. 
The impact of any of the programmes, however, can be evaluated only by using biological indicators, 

rnes is being developed by the P m ~ m  *M 
GA 30322, USA and $re Micronutrient Initiative (M!), 

BP 8500 250 nre Irdkrt, mm, 

SO 



ANNEX 1, COUNTRIES CATEGORIZED BY DEGREE OF PUBLIC WEALW IMPORTANCE OF 

V~TAHIN A DEFICIENCY, BY W O  BEG~ON 





Anna 2 Sample form for w e e w  frequenq of complementswy feeding by food 
categolries 

' Enter the number of times per week each category is corrsumd. Data to be compiled by food mumption 
d I s  or W frttqut?ncy questimnaim. 
Similar format may be used for other winerable groups, e.g. p or lactating women. 

Sample evaluation guide form 
(To be completed for each of the five age groups and family [or pregnant or lactating m 2  

F W  of animal 
origin 2 3 M  

<3xrCvk 
TO1 

r 3 H  



Annex 3 Sample of survey form for individual childbarnib 
(Children 6-7 1 months) 

Name of village: District: 

Name: Mother's name: Father's name: 

Occupation of mother: Occupation of father: 

Date of birth (child): Age: (yearslmonths) 

Presently breast-feeding: yes ( No ( )' 
If not breast-fed, at what age was breast-feding stopped: months of age 

Illness that occurred in last two weeks (except for measles in last 6 weeks): 
If occurred, check the bracket. Y s  p-& 
Persistent cough: 
Fever: 

0 0 

Diarrhma: 
0 0 
0 0 

Measles (last 6 weeks): 
Other (spec13.1: 

0 0 

M e m a :  
0 0 

Ohms anaemia: 
0 0 

r abnomai finding (spc*): 
0 0 

Weifl (to nearest 0. I kg): 
0 0 

kg 
Le@ (to wmd 0.5 cm): cm 
lmmunb~on status CXJv3: Yes ( ) No ( ) Measles: Yes ( ) NO ( ) 

-a 

Circle appropriate age category 

- I t L  . - - - . . - - . ~ 

F& taken during the last d& . ., 

By other family members By child ' 

l 

Momiw 

Mid-* 

6-17m0 1 8 - 3 5 ~  36-71m0 



Annw 4 Minimum samples sizes for anticipated prevalence 
precision of 20K and 50% at the 95% confidence k v d  
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C ..I 

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 biindnxss 
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-o f-decade micronutrient goals endorsed by 
the World Summit for Children (19901, the International 
Conference on Nutrition (1992), and the World Health 
Assembly 11993). 

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 principles governing the use oi 
biological indicators for vitamin A deficiency (VAD) 
surveillance, provides the rationale behind each indic Pr 
and its limitations 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 

r v the ye= iW0. 




