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and low-bii-weight infants under 6 months of age, children 6 to 24 
months of age, and children 24 months and older. Among children under 5 
years old, those between 6 and 24 months were identified as most at risk of 
being iron deficient (Nestel 1996). Because there are no generic low-cost 
prophylactic iron supplements for this age group, one recommendation 
from this meeting was to identlfy an appropriate iron formulation and 
regimen for young children who are unable to swallow or who have d l -  
d t y  swallowing tablets. To address this issue, USAID'S Opportunities for 
Micronument Interventions ( O m )  Project and the United Nations 
Children's Fund (UNICEF) jointly organized this meeting with the panici- 
pation of WHO, the pharmaceutical industry and international experts. 



T here is growing awareness that iron deficiency anemia (IDA) in young 
children is very common ~rimarily because of the low content of 
bioavailable iron in a typical infant's diet and the high iron requirements 

Objectives for rapid growth. This has se&us irnplicadons for child de;elopment i d  child 
survival beyond anemia because iron deficiency in infants and young children is 
associated with impaired cognitive and psychomotor development (Oski 1983, 
Walter 1989, Lowff 1987), reduced growth (Chwang et al. 1988, Latham et al. 
1990), and decreased resistance to infection (Chandra and Vps 1982, Cook and 
Lynch 1986). 

In January 1995, the UNICEFlWHO Joint Committee on Health Policy 
(UNICEF/WHO 1994) endorsed a strategy for reducing IDA in children. The 
strategy called for implementing a preventive iron supplement program for all 
infants and young children in situations where the prevalence of IDA in pregnant 
women is 30 percent or more. In several counnies, howwet; induding Canada 
and Argentina, IDA was not a problem among women of child-beanng age but 
was still common among older infants and young children until the use of iron- 
fortified infant and child food became widespread. Epidemiologic data show that 
in virtually all developing countries, more than 40 percent of infants and young 
children have IDA. 

Few develooing counuies have imulemented 
A "  

an IDA control strategy for infants and young 
children because a dietary approach, such as 
fortification of commonly consumed comple- 
mentary foods, is often not affordable. 
Routine iron supplementation has not been 
praaiced partly because of the unavailability 
of low-cost, generic supplements. Further- 
more, the la& of consensus on the formula- 
tion of such supplements has been a con- 
straint hindering the development of iron 
supplementation programs. UNICEQ for 
example, stocks more than 200 essential 
drugs, including vitamin and mineral supple- 
ments, but does not presently stock an iron 
supplement suitable for young children. 

The purpose of the meeting was to: 

W review the available options for supplying iron supplements to children 
younger than 2 years old, 
make recommendations on the form of iron to be used, the dose to be given, 
and the duration of supplementation, and 

W consider whether vitamins and other minerals could be combined with an 
iron supplement. 

This information is needed by UNICEQ which may consider st* such 
supplements for use in UNICEF-assisted programs, and by development agen- 
cies and developing counny governments, which may wish to purchase these 
supplements and initiate iron supplementation programs to prevent IDA in 
infants and children. 

The consultation focused on how to provide iron supplements to children 6 to 24 
months old, who are at greatest risk of the irreversible, long-term consequences 
of iron deficiency namely impaired physical and mental development. Iron stores 

a resent at birth and the highly bioavailable iron in breast milk protect an infant 
#madB W&m%qspnia up to about 6 months of age (National Academy of 
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Composition and 
method of packing/ 
dispensing an iron 

supplement that 
could be made 

widely available in 
the near future 

' 1 mglkg will also have adequate response, 
bur will rakc r lirrlc longer ro correct 
hemoglobin conccnrrarion, i.c., 3 
months Instcad of 4 ro 6 wccks. 

Asrumc 5% absorption (5% x 
12.5=0.625 mg; 0.625/0.7 x 
100=89%). 

Sciences 1991). Breast milk cannot, however, provide the iron needs of thc 
rapidly growing infant beyond the age of about 6 months. 

The fxst ffoods fed to infants in developing counmes are generally ccrcal- or rtx)r 
based, which are poor sources of bioavailable iron; thus, infants are at grcntcsr 
risk of developing severe IDA between the ages of 6 and 12 months. Beyond thc 
age of about 12 months, children's diets become increasingly diverse as thcy 
partake in the family diet; thus, the intake of bioavailable iron increases. Provid- 
ing infants 6 to 12 months old with iron supplements would therefore ensure 
that they are protected for the fmt 12 months of life and possibly beyond. If iron 
supplements are conrinued to 15 months of age, the child would be assured of 
protection against iron deficiency anemia for the fmt 2 years of life owing to the 
accumulation of iron stores. 

Older children may continue to be at risk of iron and other mineral and vitamin 
deficiencies. Where the family diet is very limited in bioavailable iron, older 
children may need to be supplemented with iron and other micronuaients. 

T he most practical iron supplement for use in infants and young children 
is an aqueous solution of a soluble ferrous salt, such as ferrous sulfate, or 
a femc complex, such as iron polymaltose. A single, safe dose that is 

effective for all children under 2 years old that can be easily dispensed by 
nonliterate mothers is required. 

a) Dose For therapeutic purposes, an adequate and safe hematological response 
to oral iron intake can be achieved in 4 to 6 weeks with 3 mg elemental iron& 
body weight/dayl (Reeves and Yip 1985). In a prophylactic program, between 1 
and 2 mg iron/kg body weightlday is appropriate. 

Assuming 5 percent iron absorption, which is a very conservative estimate of 
absorption (FAO/WHO 1988), a 12.5 mg oral dose of iron would provide 0.625 
mg of absorbed iron. The 12.5 mg dose is equivalent to 2.5 mg/kg body weight 
for a 6-month-old child with an average 
weight of 5 kg, 1.6 mg/kg body weigh for 
a 12-month-old infant weighing 8 kg, and 
1.2 mg/kg body weight for an 18-month- 
old infant weighmg 12 kg. 

The total iron requirement remains at 0.7 
mg per day for infants up to 18 months of 
age (Health and Welfare Canada 1990) 
and is not dependent on body weight; thus, 
the 12.5 mg dose would also meet almost 
90 percent2 of the estimated total iron 
requirement of children 6 to 18 months 
old. Where iron absorption is higher 
because of low iron stores. the uvuer safe 
limit of intake would not tie exc&ied with 
this dose. If compliance were poor, and children were dosed the equivalent of 
every other da)i between 35 and 45 percent of the iron requirement would be 
available from the iron supplement alone. 

b) Nahw ofthe Prepamtion Infants can be given iron as drops of a concen- 
trated solution or as a syrup. One drop is equivalent to 0.05 mL, whereas 1 
teaspoon of liquid is equivalent to 5 mL. Assuming that 12.5 mgtday would be 
ingested, 10 drops of a solution containing 25 mg iron/mL or 1 teaspoon of a 
syrup containing 2.5 rng iron/ml would provide this amount of iron. 



If the dropper bottle is completely child-proof and unbreakable, it is possible to 
make the iron drops more concentrated to reduce the number of drops per 
delivery If a dropper is to be used, it is easy to draw up a fixed amount using the 
dropper, which can then be delivered into the child's mouth at one time. The 
dropper option, however, is less safe than a child-proof dropper bottle unless 
some adaptation to the bottle can be made, for example, if the bottle is made so 
that only the dropper can get the drops out but a child cannot drink the solution 
from the bottle. 

Because of the high cost of packaging and transport, a more concentrated solu- 
tion of iron, to be given in the form of drops, would be most cost effective, as 
long as it could be provided with a taste and color that is acceptable to both 
children and mothers. Cost and logistical considerations favor providing mothers 
with a sufficient supply of iron to last several months, minimking repeat visits to 
clinics. A typical dropper bottle contains 30 mL, but it might be feasible to 
increase the volume of liquid to 45 mL or more. For safety reasons, the bottle 
could be designed so that 0.05 mL drops could be easily dispensed directly into 
the child's mouth, for example, by inverting the bottle. The plastic orifice that 
produces the drops must be firmly attached to the bottle so that it would be 
virtually impossible for a child to consume the endre contents of the bottle at one 
time. Such bottles and dropping devices are commercially available. 

A 30 mL bottle would provide sufficient iron for 60 days; thus, a mother would 
need to collect a bottle of iron drops at a health center only three times during 
the second 6 months of her child's life. This was considered feasible in many 
situations. 

Drops would preferably be given on an empty stomach, for example, early in the 
morning. Altemativel~ the drops could be mixed with the child's food, which 
would probably be more appropriate and easier. This would reduce the absorp- 
tion of iron when the supplement is given in the form of ferrous iron and may 
result in food color changes if the food is not consumed immediately More 
complex and more expensive iron compounds might make delivery with food 
more feasible and are discussed in Section 6. 

Darkening of the child's stool will occur with any dose of oral iron, and mothers 
need to be made aware of this. At the dose of iron supplement recommended 
above, the oral iron is unlikely to cause any intesdnal discomfort. 

T he advantages of daily versus weekly administration of iron supplements 
were not discussed in detail because there have been no mals on infants. 
A meta-analysis of mals in adolescent gu% and women of reproductive 

Periodicity and age is being conducted, but may not apply to infants. U n d  there are data to 
duration of iron suggest otherwise, the use of daily supplements of iron for children between 6 

adminis+,,Qtion an>-24 months old is recommended as the most effective approach if logistically 
and economically feasible. 

Because of the difKculties of maintaining long-term compliance and the fact that 
the period of greatest risk of IDA is between the ages of 6 and 12 months, iron 
supplements should be initiated as dose to 6 months as possible, and the supple- 
ments should be given for 6 months. Programs of longer duration, that is, to 15 
months of age, are likely to be more beneficial. With the liquid syrups presently 
available, the implementation of a long-duration iron supplement program based 
on chis schedule may not be feasible or well complied with. 



Feasibility of 
including other 

minerals and 
vitamins in a 

combined 
supplement 
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Recommendations on 
iron supplements 

A lthough commercial liquid preparations containing iron, vitamin A, and 
water-soluble vitamins are available in both developed and developing 
counmes, there was consensus that insufficient data exist to show that the 

vitamins are stable for a sufficiently long period of time in the presence of 
reacdve iron salts, such as ferrous sulfate, especially after the bottle containing 
the liquid is opened? The stability taste, and acceptability of liquid supplements 
containing vitamin A, iron, and perhaps other micronuments clearly need further 
mvestigation. 

Given the evidence that zinc intake is relatively low among infants in many 
developing countries and that zinc deficiency may also affect child growth, health, 
and survival, zinc can be considered another mineral to indude in iron supple- 
ments. Before this is done, however, a proper evaluation of the indications for 
routine zinc supplementation should be conducted before a fidl program similar 
to that for iron is implemented. 

It would be feasible and straightforward to 
add 10 mg zinc to a 25 mg/mL iron supple- 
ment? 

Zinc sulfate is the compound of choice 
because zinc gluconate, although it might 
have some advantages such as fewer gastro- 
intestinal disturbances, is considerably more 
expensive. At 5 mg/da): however, zinc 
sulfate is unlikely to cause gastrointestinal 
side effects. At the above recommended 
doses of iron and zinc, there will be little 
interaction between the iron and zinc. 
Furthermore, this level of zinc is unlikely to 
precipitate copper deficiency but the desir- 
ability of adding copper to a combined zinc 
and iron supplement should be kept under 
review. 

Other minerals, such as iodine or selenium, are not essential in an infant mineral 
supplement for widespread use at the present time. Iodized salt is becoming 
widely available in almost all counmes where deficiency exists, so additional 
iodine from a supplement would not be usefbl. Currently there is not enough 
evidence of widespread selenium deficiency so the r0udne addition of selenium 
to a daily iron supplement for infants and young children is not warranted at this 
time. 

I t is recommended that UNICEF actively encourage and support the use of 
iron supplements for infants and young children and that the UNICEF 
Supply Division request tenders from pharmaceutical companies that meet 

the following specifications: 

an oral solution containing the equivalent of 25 mg/mL elemental iron either 
in the form of ferrous sulfate or as a compound that is well documented to 
provide iron with a bioavailability equivalent to that of ferrous slllfare; . 

no deterioration in the composition, appearance, or taste of the solution for 3 
months after opening; 
a shelflife of at least 3 years in unopened bottles; 

@ acceptable palatability for children 6 to 24 months of age; 
contained in bottles with a composition/color suitable for the required shelf 
life; f 



bottles to contain a dropping device that allows delivery of 0.05 mL, and 
bottles to be tamper resistam makmg it exceedingly difficult for a young 
child to ingest the entire contents of a bottle at one time. 

Additionall3 potential suppliers should be asked to provide separate quotations 
for a supplement that also contains 10 mg zinc in the form of zinc sulfate, all 
other specifications above remaining the same. 

P roviding daily doses of liquid prepacldons of iron to entire populations 
of infants in developing counmes will pose considerable difficuldes, 
~articulariv in the cxx)rest and most remote regions. The consuaints 
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Future directions inciud;: 

DiEculty ensuring compliance. There is some evidence that mothers "tire" 
of giving daily doses of iron after about 3 months. 
Logistics of dismbution and cost. The cost and weight of glass bottles is an 
important consuaint. The volume and weight of liquid iron supplements 
would substantially increase the size of the present supply of essential drugs 
to maternal and child health clinics, which would pose ~ i ~ c a n t  transporta- 
tion and storage problems. 
DitXculty adding vitamins to an iron supplement. 

For these three reasons, it is important to encourage the development of im- 
proved technology for the delivery of mineral/vimmin supplements to young 
children. Two options were proposed that require further consideration, testing, 
and development. 

a) Injetable ImjSr Infiats Historically injectable iron has been used to treat 
and prevent iron deficiency anemia in infants. Single intramuscular injections of 
iron dextran were widely used in infants perceived to be at risk of IDA about 20 
years ago. A large dose was given shortly after birch, which effectively protected a 
child against IDA for 2 years. A number of infant deaths were reported to be 
associated with the use of these injections in New Zealand, and this led to a 
dramatic reduction in the use of injectable iron in many countries. There also 
were reports of long-term sequelae at the injection site, including tissue necrosis. 
Despite these concerns, cause and effect were never clearly established in the case 
of New Zealand. 

The injectable iron doses given in earlier years were found to be unnecessarily 
high. A lower dose of injectable iron that would protect a child for 6 months may 
be safe and effective and could be given at 6 months of age when the infant is 
more mature. Newer iron compounds, such as injectable iron complexes, might 
overcome some of the problems associated with the iron compounds used earlier 

The constraints to using injectable iron are well recognized, but the oppormnities 
of the Expanded Program on Immunization (EPI) system for delivery are also 
recognized. It was recommended that a thorough review of the history of the use 
of injectable iron and of the potential for use in developing counmes be con- 
ducted. 

b) Solid Mineval/vitamin Mztlti Mixes@ Infants and %qg ChiIdren5 The 
use of solid granules and powders offers many advantages, primarily the elimina- 
tion of the cost of shipping aqueous solutions in glass bottles, the ease and 
greater stabiliry of mixing minerals with vitamins in dry form, and the potential 
for adding these directly to food. Three options were discussed: 

In dcvclopiing the multi-mined mires, the 
dfiucy or imn and kc combinati~n ~ l l l  be i) Coated or microencapsulated "sprinkles" could be used. A reactive form of 
c d u a t 4  as ti% will hdp to d & ~ t h ~  zinc iron, such as ferrous sulfate, would be coated with an inert substance, such as 
qucsdoo as wdl as the rrf~ryofp\iding iron 
alone. a niglyceride, and formed into granules with other vitamins and minerals. 

L 



These would be sprinkled directly onto a child's complementary food in a 
measured amount, probably from a small sachet. It was noted that work is 
currently under way to prepare ironliodine-fortified salt, using potassium 
iodide uystals coated with mglyceride to prevent them from r e a b g  before 
they are ingested. There also is some experience in theuse of coated 
" s p i i e s n  for pharmaceutical delivery in indusmalized counmes. 

ii) A granulated product containing minerals and vitamins that can be sprinkled 
directly onto food has been developed. A less reactive form of iron, ferrous 
fumarate, is formed into granules with other minerals, but not coated. 
Granules of mixed vitamins are then mixed with the minerals. This product 
a p p s  to be stable, but human mals have not been conducted. 

iii) Iron/vitamin granules could be packaged in a (possibly low-cost) bottle for 
reconstitution into liquid by the mother or local health worker. 

Other options for delivering dry mixtures, including reusable plastic dispensers 
for mini-tablets similar to those used for artificial sweeteners for coffee and 
soluble or effervescent tablets, were discussed. 

It was agreed that options i and ii are more feasible. It was recommended that 
work be undertaken in developing counmes to test the acceptability to mothers 
of the delivery options: daily sachets to be sprinkled on food, weekly sachets, or 
perhaps larger packages of granules that would be dosed or reconstituted in 
some way 
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