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Are WHO/UNAIDS/UNICEF-recommended replacement milks
for infants of HIV-infected mothers appropriate in the South
African context?
P.C. Papathakis1, 2 & N.C. Rollins1, 3

Objective Little is known about the nutritional adequacy and feasibility of breastmilk replacement options recommended by WHO/
UNAIDS/UNICEF. The study aim was to explore suitability of the 2001 feeding recommendations for infants of HIV-infected mothers
for a rural region in KwaZulu Natal, South Africa speciﬁcally with respect to adequacy of micronutrients and essential fatty acids,
cost, and preparation times of replacement milks.
Methods Nutritional adequacy, cost, and preparation time of home-prepared replacement milks containing powdered full cream milk
(PM) and fresh full cream milk (FM) and different micronutrient supplements (2 g UNICEF micronutrient sachet, government supplement
routinely available in district public health clinics, and best available liquid paediatric supplement found in local pharmacies) were
compared. Costs of locally available ingredients for replacement milk were used to calculate monthly costs for infants aged one, three,
and six months. Total monthly costs of ingredients of commercial and home-prepared replacement milks were compared with each other
and the average monthly income of domestic or shop workers. Time needed to prepare one feed of replacement milk was simulated.
Findings When mixed with water, sugar, and each micronutrient supplement, PM and FM provided <50% of estimated required
amounts for vitamins E and C, folic acid, iodine, and selenium and <75% for zinc and pantothenic acid. PM and FM made with UNICEF
micronutrient sachets provided 30% adequate intake for niacin. FM prepared with any micronutrient supplement provided no more
than 32% vitamin D. All PMs provided more than adequate amounts of vitamin D. Compared with the commercial formula, PM and FM
provided 8–60% of vitamins A, E, and C, folic acid, manganese, zinc, and iodine. Preparations of PM and FM provided 11% minimum
recommended linoleic acid and 67% minimum recommended α-linolenic acid per 450 ml mixture. It took 21–25 minutes to optimally
prepare 120 ml of replacement feed from PM or commercial infant formula and 30–35 minutes for the fresh milk preparation. PM or FM
cost approximately 20% of monthly income averaged over the ﬁrst six months of life; commercial formula cost approximately 32%.
Conclusion No home-prepared replacement milks in South Africa meet all estimated micronutrient and essential fatty acid
requirements of infants aged <6 months. Commercial infant formula is the only replacement milk that meets all nutritional needs.
Revisions of WHO/UNAIDS/UNICEF HIV and infant feeding course replacement milk options are needed. If replacement milks are to
provide total nutrition, preparations should include vegetable oils, such as soybean oil, as a source of linoleic and α-linolenic acids,
and additional vitamins and minerals.
Keywords Infant food/analysis/economics; Milk substitutes/chemistry/economics; Nutritive value; Nutritional requirements;
Micronutrients; Fatty acids, Essential; Time factors; HIV infections/ prevention and control; Disease transmission, Vertical/ prevention
and control; Infant; Mothers; Guidelines; South Africa (source: MeSH, INSERM).
Mots clés Aliments pour nourrisson/ analyse/économie; Substituts du lait/ composition chimique/économie; Valeur nutritive; Besoins
nutritifs; Micronutriment; Acides gras indispensables; Facteur temps; HIV, Infection/ prévention et contrôle; Transmission verticale
maladie/ prévention et contrôle; Nourrisson; Mère; Ligne directrice; Afrique du Sud (source: MeSH, NLM).
Palabras clave Alimentos infantiles/ análisis/economía Sustitutos de la leche/química/economía; Valor nutritivo; Necesidades
nutricionales; Micronutrientes; Acidos grasos esenciales; Factores de tiempo; Infecciones por VIH/ prevención y control; Transmisión
vertical de enfermedad/ prevención y control; Lactante; Madres; Pautas; Sudáfrica (fuente: DeCS, BIREME).
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Introduction
Feeding recommendations for infants of infected HIV-mothers
in developing countries remain controversial. As HIV can be
transmitted to the infant by breastfeeding, the recommendation of WHO is that, “When replacement milk is acceptable,
feasible, affordable, sustainable and safe, avoidance of all breastfeeding by HIV-infected mothers is recommended; otherwise,
exclusive breastfeeding is recommended during the ﬁrst months
of life” (1). In the general population, exclusive breastfeeding
for the ﬁrst six months of life protects against i nfant morbidity
and mortality from gastrointestinal and respiratory infections,
which are especially common in developing countries (2).
In resource-poor settings, this presents a dilemma for HIVinfected mothers and challenges health workers who counsel
them about options for feeding their infants.
WHO/UNAIDS/UNICEF recommend several variations of exclusive breastfeeding and replacement milk for
infants of HIV-infected mothers (Table 1) (3). The replacement
milks include commercial infant formula and home-prepared
modiﬁcations of evaporated milk, powdered full cream milk
(PM), and fresh full cream milk (FM). Commercial infant
formula needs to be reconstituted with water. Home-prepared
milks need the addition of water, sugar, and micronutrients;
preparation of FM needs the additional step of bringing the
mixture to the boil to improve digestibility of the milk.
Very little is known about the nutritional adequacy
and feasibility of the replacement milk options presented
in the WHO/UNAIDS/UNICEF guidelines for infants of
HIV-infected mothers (4). This paper reviews the 2001 feeding recommendations for infants of HIV-infected mothers
and explores the suitability of these recommendations for a
rural region in KwaZulu Natal, South Africa. In particular,
the nutritional adequacy with respect to micronutrients and
essential fatty acids and the cost and preparation time of replacement milks suggested in the WHO/UNAIDS/UNICEF HIV
and infant feeding counselling guidelines are investigated (3).

Infant feeding in the rural South African context
According to the 2000 South African national HIV seroprevalence survey, 24.5% of women who presented to public antenatal
clinics nationally and 36.2% of women who attended antenatal
clinics in rural KwaZulu Natal were infected with HIV (5).
A nevirapine treatment programme has been implemented
recently in many districts throughout KwaZulu Natal province
and the rest of South Africa to reduce the number of infants
who become infected with HIV. Infant feeding counselling
and support, often based on WHO/UNAIDS/UNICEF HIV

counselling course materials, is offered as part of programmes (3).
Depending on the district, free infant formula may or may
not be offered.
In 1996, the year for which the latest data are available,
the national demographic health surveillance indicated that in
KwaZulu Natal, less than half of the households earned more
than 6000 Rand (approximately US$ 600 in 2002), with the
average household size of 7.5 members (6). Less than half of
the rural households have access to clean water, electricity, and
refrigeration. Most mothers do not exclusively breastfeed their
infants. In a longitudinal study in the area, 130 breastfeeding mothers were followed weekly. Of the infants, 10% were
breastfed exclusively for six weeks and 6% for 16 weeks (7).

Methods
We examined the nutritional adequacy, cost, and preparation
time of home-prepared replacement milks. Evaporated milk was
not included because of higher costs relative to the full cream
milks, limited availability, and general lack of use by the local
population. As commercial infant formula is assumed to be
nutritionally complete, only the preparation time and cost were
investigated.

Nutritional adequacy
The amount of milk, sugar, and water needed to meet the energy
requirements of an infant who weighed 3 kg (1300 kJ or 310 kcal
in 450 ml total volume) was calculated with the course instructions for home-prepared replacement milks (3). Box 1 shows
details of the replacement milk preparations. Calculations were
also made for the amount of replacement milk needed to meet
the energy requirements of an infant aged 3–4 months who
weighed 5 kg. These results were very similar to the former
and are not shown. The micronutrient and essential fatty acid
content of the PM and FM replacement preparations was
determined with FoodFundi 2 (Pentanet, South African Medical Research Council, 1998) — a nutrient analysis program
developed for foods eaten in South Africa.
We compared home-prepared replacement milks to
which three different micronutrient supplements might be
added: the 2 g UNICEF micronutrient sachet described in the
course materials and available research studies, the government
supplement routinely available in district public health clinics, and the best available liquid paediatric supplement found
in local pharmacy shops. The amount of each micronutrient
supplement used in calculations was the amount determined to
achieve the best balance, i.e. providing the greatest percentage
of estimated requirements without “excess” (deﬁned arbitrarily
as 400% of the US dietary reference adequate intake (AI) for

Table 1. WHO/UNAIDS/UNICEF feeding options for infants of HIV-infected mothersa
Breast milk

Replacement milks

1. Exclusive breastfeeding by the mother for ﬁrst six months
and continuing until age two years, or as long as mother chooses

1. Commercial infant formula, prepared according to manufacturer’s
directions

2. Exclusive breastfeeding by the mother with early cessation,
with rapid weaning to replacement milk as early as feasible

2. Fresh full cream milk, with added water, sugar, and micronutrients;
boiled before use

3. Breast milk expression with heat treatment; expressed
milk fed via cup

3. Evaporated full cream milk or powdered full cream milk, with
added water, sugar, and micronutrients

4. Wet-nursing by an HIV-uninfected mother
a

All feeding options recommend introduction of complementary foods at six months of age.
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Box 1. Home-prepared replacement milk recipes
Full cream milk powder recipe
39 g full cream milk powder
30 g sugar
450 ml water
Fresh full cream milk recipe
300 ml fresh full cream milk
30 g sugar
150 ml water

infants aged <6 months for more than one individual micronutrient or exceeding the upper tolerance limit (UL)) (8, 9).
The UL in this age group has been established for only three
micronutrients — zinc and vitamins A and D.
As there is no recommended dietary allowance (RDA) for
infants aged <6 months, we compared home-prepared replacement milk content with the lower of two other reference values:
the AI and the FAO/WHO recommended nutrient intake
(RNI) (10). The AI is the mean intake for healthy, exclusively
breastfed infants of North American and European mothers.
It is used when adequate scientiﬁc evidence is not available to
determine an RDA and usual intake at or above this amount
has a low probability of inadequacy (11). The international
standard for commercial infant formula, the Codex Alimentum,
is undergoing draft revisions, so the micronutrient content of
home-prepared replacement milks was also compared against the
same volume of a commonly used commercial infant formula.

P.C. Papathakis et al.

The manufacturer’s statement of content of the micronutrient supplements, milks, and infant formula was accepted
as reﬂecting the true content. Table 2 lists the micronutrient
content of each supplement used in the nutrient analysis.
Three other locally available micronutrient preparations were
excluded as inappropriate because of lack of key nutrients
(vitamins A, C, D, and E). The essential fatty acid content was
compared with the FAO/WHO recommendation of 600 mg
linoleic per kg body weight and 50 mg α-linolenic acid per
kg body weight (12). The recommendation is 4–10% of total
energy intake as linoleic acid and 0.5–1.0 % of total energy
intake as α-linolenic acid, with a ratio of linoleic to α-linolenic
acid of 5:1–10:1 (12–15).

Cost and preparation time
The cost of replacement milk ingredients available in the local
markets was used to calculate the monthly cost for infants aged 1,
3 and 6 months. The total monthly costs of ingredients of the commercial infant formula and PM and FM preparations were then
compared with each other and with the average monthly income
of a domestic worker or shop worker (R 500; US$ 50 in 2002).
To estimate the time required for a mother to prepare
replacement milks in a rural homestead, we simulated preparation of the volume needed for one feed in a home that was
without electricity, gas, or tap water but was very close to a
stream and shrubs. This was conducted as part of the WHO/
UNAIDS/UNICEF HIV counselling course. Four groups,
each comprising 4–6 course participants, prepared the replacement milks. Individual time to complete the following tasks

Table 2. Micronutrient supplements available in KwaZulu Natal, South Africa
Micronutrient

Unit

AIa
<6 months

RNIb
<6 months

Commercial
(1.0 ml)

Government
supplement (1.0 ml)

UNICEF sachetc

Vitamin A
Vitamin D
Vitamin E
Vitamin C
Thiamine
Riboﬂavin
Niacin
Vitamin B6
Folic acid
Pantothenic acid
Vitamin B12
Iron
Zinc
Copper
Iodine
Fluoride
Magnesium
Manganese
Selenium
Calcium

µg
IU
IU
mg
µg
µg
µg
µg
µg
µg
µg
mg
µg
µg
µg
µg
mg
µg
µg
mg

400
200
4
40
200
300
2000
100
65
1700
0.4
0.27
2000
200
110
10
30
3
15
210

375
200
2.7
25
200
300
2000
100
80
1700
0.4
–d, e
2800
–
57
–f
36
–f
6
400

180
80
0
10
300
200
2000
200
0
0
0.6
0.6
100
0
15
0
0.6
0.05
0
0

180
60
0
6
330
264
2200
200
0
0
0
0
0
0
0
0
0
0
0
0

90
50
1
10
50
80
300
40
5
400
0.2
1.5
205
100
5.6
0
0
7.5
0
0

a
b
c

d
e
f

Adequate intake (USDRI) for infants aged <6 months.
Recommended nutrient intake (RNI FAO) for infants aged <6 months.
UNICEF’s micronutrient supplement for use with home-prepared formula is in a powder form, packaged in a 2 g sachet, and intended to be mixed with 500 kcal
of replacement milk (approximately 750 ml). Analysis in Table 4 uses a full packet in 450 ml formula, with 310 kcal.
No recommended value.
Neonatal stores of iron are sufﬁcient to meet requirements of full term infant for the ﬁrst 6 months of life.
No recommended nutrient intake value for ﬂuoride or manganese.
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was recorded: collecting ﬁrewood and water, building a ﬁre,
boiling water, washing the mixing and feeding equipment, and
preparing the replacement milk.

67% of minimum recommended) per 450 ml mixture, with a
ratio of linoleic acid to α-linolenic acid of 2:1.

Results

Table 4 shows the monthly cost of replacement milks compared
with monthly income. As the costs of PM and FM were similar,
these are listed together for comparison. Use of PM or FM represented approximately 20% of monthly income averaged over
the ﬁrst six months of life, while use of commercial formula
represented approximately 32%.
It took 21–25 min to optimally prepare 120 ml of replacement feed from PM or commercial infant formula and
30–35 min for the fresh milk preparation. This included time
to collect ﬁrewood and water from nearby sources, build a ﬁre,
boil the water, wash the utensils, and prepare the replacement
milk mixture. The women who took part in this simulation
were experienced in collecting wood and water and in ﬁre
building; all measuring devices were pre-marked. Table 5 shows
the breakdown of time per component of preparation.

Nutrient content
Table 3 shows the micronutrient content of the PM and FM
mixtures expressed as a percentage of the lower of AI and RNI
for infants aged <6 months. When mixed with water, sugar,
and each micronutrient supplement, PM and FM provided
<50% of the estimated required amounts of vitamins E and C
and folic acid and the minerals iodine and selenium and <75%
of the estimated required amounts of zinc and pantothenic
acid. Either PM or FM made with the UNICEF micronutrient sachet provided 30% of AI for niacin. FM prepared with
any micronutrient supplement provided no more than 32%
of vitamin D. Because PMs are manufactured with added
vitamin D, these preparations provided more than adequate
amounts of vitamin D. Similarly, compared with commercial
infant formula, the PM and FM mixtures provided 8–60% of
the amount of vitamins A, E, and C and folic acid and manganese, zinc, and iodine. Preparations of PM and FM provide
200 mg linoleic acid (0.6% of total energy; 11% of minimum
recommended) and 100 mg α-linolenic acid (0.29% of energy;

Cost and time

Discussion
This study suggests that PM and FM replacement milks made
according to currently advised recipes in combination with
different micronutrient supplements available in the South

Table 3. Micronutrient content of prepared replacement milks
Nutrient

Unit

Reference value
AIa

RNIb

Commercial
infant
formulac

Fresh full cream milkd
Commercial Government
supplement supplement

Powdered full cream milke
UNICEF
sachet

Commercial Government
supplement supplement

UNICEF
sachet

Vitamin A
Vitamin D
Vitamin E
Vitamin C
Thiamine

µg
IU
IU
mg
µg

400
200
4
40
200

375
200
2.7
25
200

1071
185
3.65
30
225

(286)f
(93)
(135)
(120)
(113)

318
64
0.3
9
430

(85)
(32)
(11)
(36)
(215)

318
64
0.3
9
430

(85)
(32)
(11)
(36)
(215)

228
54
1.3
13
150

(77)
(27)
(48)
(52)
(75)

355
236
0.1
13.1
400

(95)
(118)
(4)
(52)
(200)

355
216
0.1
9.1
430

Riboﬂavin
Niacin
Vitamin B6
Folic acid
Pantothenic

µg
µg
µg
µg
µg

300
2000
100
65
1700

300
2000
100
80
1700

450
3150
225
27
1350

(150)
(158)
(225)
(42)
(79)

764
2500
300
15
900

(255)
(125)
(300)
(23)
(53)

764
4500
300
15
900

(255)
(125)
(300)
(23)
(53)

580
600
140
20
1300

(193)
(30)
(140)
(31)
(76)

700
2300
400
12.1
800

(233)
(115)
(400)
(19)
(47)

764
2500
400
12.1
800

Vitamin B12
Iron
Zinc
Copper
Iodine

µg
mg
µg
µg
µg

0.4
0.27
2000
200
110

0.4
–g
2800
–
57

0.9 (225)
3.6
2250 (113)
180 (90)
45 (79)

1.2 (300)
0.9
1200 (60)
0
15 (26)

1.2 (300)
0.3
1100 (55)
0
0

1.4 (350)
1.8
1305 (65)
100 (50)
5.6 (9)

1.3 (325)
3.0
1200 (60)
100 (50)
15 (26)

0.7 (175)
0.9 (225)
2.4
3.9
1100 (55) 1305 (65)
100 (50)
200 (100)
0
5.6 (9)

Fluoride
Magnesium
Manganese
Selenium
Calcium

µg
µg
µg
µg
mg

10
30
3
15
210

–
36
–
6
400

NAh
20.3 (68)
20.3 (676)
NA
189 (90)

0
36.6 (122)
14.2 (472)
0
360 (171)

0
36 (120)
14.1 (470)
0
360 (171)

0
36 (120)
21.6 (720)
0
360 (171)

0
33.8 (113)
2.2 (72)
0
363 (173)

0
33.2 (111)
2.1 (70)
0
363 (173)

a
b
c
d
e
f
g
h

(95)
(108)
(4)
(36)
(215)

265
206
1.1
13.1
150

(71)
(103)
(41)
(52)
(75)

(255) 580
(125) 600
(400) 240
(19)
12.1
(47) 1200

(193)
(30)
(240)
(19)
(71)

0
33.2 (111)
9.6 (320)
0
363 (173)

Adequate intake (USDRI) for infants aged <6 months.
Recommended nutrient intake (RNI FAO) for infants aged <6 months.
300 kcal per 450 ml, prepared from powder according to manufacturer instructions.
300 ml fresh full cream milk + 30 g sugar + 150 ml water with micronutrient supplement added (1 ml commercial or government liquid or 1 UNICEF sachet).
39 g full cream milk powder + 30 g sugar + 450 ml water with micronutrient supplement added (1 ml commercial or government liquid or 1 UNICEF sachet).
Values in parentheses are percentage of lowest reference value for infants aged <6 months.
Neonatal stores are sufﬁcient to meet iron requirement for ﬁrst 6 months in full term infants.
No nutrient content listed.
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Table 4. Monthly cost of replacement milks by age of infant
Infant age (months)

Fresh or powdered full cream milka
Cost (US$)

1
3
6
Average (0–6)
a

7.00
10.50
12.00
9.80

Commercial infant formula

(% monthly income)

Cost (US$)

(% monthly income)

14
21
25
20

10.00
17.50
20.00
15.80

20
35
40
32

Includes cost of milk, sugar, and micronutrient supplement.

African context do not provide adequate nutrients, are expensive in relation to average income, and need considerable time
for optimal preparation. Home-prepared replacement milks
made with UNICEF or local supplements provides amounts
of vitamin C, vitamin E, folic acid, and pantothenic acid and
zinc, copper, iodine, and selenium that most likely will not meet
the needs of infants aged <6 months, despite stores of these
nutrients that may have built up in utero. In addition, vitamin
D is inadequate in all FM preparations, so whether infants have
enough vitamin D may depend on their exposure to sunlight.
Micronutrient deﬁciency in both HIV-infected and uninfected
infants may be an unintended consequence of these feeding
recommendations, although there is no current evidence that
theoretical deﬁciencies in this age group will result in adverse
clinical outcomes.
The South African Vitamin A Consultative Group estimates that nearly 25% of children 16–60 months are stunted,
with increased prevalence of stunting in rural communities (16).
The KwaZulu Natal Health Department’s policy is to give infants
who are not breastfed 50 000 IU vitamin A at age 6 weeks and
9 months. In the government clinics where the study was conducted, the availability of the paediatric liquid micronutrient
supplement ﬂuctuates and is sometimes unavailable. It generally
is provided only if the infant is failing to thrive, regardless of
the type of infant feeding. In the face of positive HIV status,
poverty, and poor nutrition, use of PM and FM replacement
milks seems to be a high-risk option with unknown potential
negative consequences.
As there is no good basis for estimating the physiological
micronutrient requirements of young infants, comparison with
the intake of breastfed infants is assumed to be adequate, with
both AI and RNI values used as reference values. In addition, we
compared home-prepared replacement milks with a commonly
used commercial infant formula. From our analysis, and taking
into consideration the general lower bioavailability of nutrients
in home-prepared replacement milks compared with breast
milk, it seems that AI or RNI is a conservative estimate of need.
It is interesting to note that as early as 1920, infantile scurvy
was recognized as a result of cow’s milk being fed to infants, and
orange juice was given as a source of vitamin C (17). In addition, essential fatty acids were added to cow’s milk-based infant
formula preparations in the early 1960s (17).
Of equal or greater concern is that home-prepared replacement milks may not meet the essential fatty acid needs of young
infants. Essential fatty acids are needed for cellular functions
and as precursors of long-chain polyunsaturated fatty acids
(15); early infancy seems to be a critical time for the incorporation of essential fatty acids into the membrane phospholipids
of neural structures (18). Functional development of the retina
168

and occipital cortex and long-term learning ability and visual
function (18, 20, 21) may be affected by linoleic acid deﬁciency
(14, 19). Although 0.6% of energy as linoleic acid is enough
to prevent essential fatty acid deﬁciency, it generally is recommended that infants be provided a minimum of 300 mg/100
kcal of linoleic acid (900 mg per 310 kcal replacement milk)
or 2.7% of total energy (13). Ideally, the replacement milk for
an infant who weighed 3 kg would provide 4–10% of total
energy as linoleic acid, but the PM and FM products in South
Africa provide 200 mg or 0.6% of total energy — i.e. 15% of
the recommended amount.
Few studies have examined the biochemical, physiological, and developmental effects of feeding cow’s milk to young
infants or of replacement milks fed to infants in prevention of
mother-to-child transmission programmes (22). The proportion
of family income consistently needed to purchase replacement
milks is a considerable burden for low-income families, and it
may lead to overdilution of replacement milks. More than half
of the population earns less than 6000 Rand per year (US$ 600
in 2002), and the cost of commercial infant formula averaged
over 6 months represents approximately 32% of their monthly
income, while the use of PM or FM represents 20%. Families
may choose home-prepared replacement milks because they cost
about 35–40% less than commercial formula.
On the basis of our ﬁndings, and taking into consideration that an infant needs replacement milks prepared 6–8
times per day, a mother may spend a minimum of 2.5 hours
per day for optimal replacement milk preparation, not including the time taken to feed the infant. For rural women without
access to tap water, electricity, or gas, this additional time is an
important consideration and may result in the mother or caregiver taking shortcuts. The study women were a convenience
sample of local women who participated in the course, so our
replacement milk preparation times may not necessarily be
Table 5. Time required for preparation of one replacement
milk feeding
Average time (minutes)a

Process
Collect wood
Collect water
Build ﬁre
Boil water
Wash equipment
Measure and mix milk
Total
a

7
5
5
3.5
2.5
4
27

(5–9)
(4–6)
(4–6)
(3–4)
(2–3)
(2–6)
(20–35)

Values in parentheses are ranges.
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representative. In addition, sources of ﬁrewood and water were
nearby: less than 1–2 minutes walk from the homestead. Our
time estimates thus actually may be underestimates, if water
and fuel sources are more than a few minutes away.
In developing countries, where HIV infection, hunger,
and poverty are major problems, infant feeding counselling
must aim to improve overall child survival not just avoidance of
HIV transmission. Most babies of HIV-infected mothers, even
in the absence of antiretroviral drugs, will not become infected
with HIV (23). Therefore, the nutritional, developmental, and
infectious outcomes associated with the use of PM and FM
must also be considered before they are recommended as appropriate alternatives. To date, most of the discussion has focused
on commercial formula as the option to replace breastfeeding
for HIV-infected mothers.
When the nutritional and practical implications are
considered, the following replacement milk options for
infant feeding by HIV-infected mothers who choose not
to breastfeed are suggested. Safely prepared exclusive commercial infant formula will meet all the nutrient needs of the
infant if fed in amounts calculated to meet the infant’s energy
requirements. If such formula is not available and affordable
in the volumes needed to meet the full nutritional needs of
the infant, supplementation of commercial infant formula
with a home-prepared replacement milk may be reasonable.
Sole use of home-prepared replacement milks with available
micronutrient supplement made up as currently suggested and
the addition of 2.5 ml (0.5 teaspoon) soybean oil per day will
better meet the essential fatty acid needs of the young infant.
Soybean oil is recommended over other types of oil because it is
high in linoleic acid and also contains α-linolenic acid. Intake
of vitamin C, vitamin D, vitamin E, folic acid, and pantothenic
acid and zinc, copper, selenium, and iodine still may be inadequate. These replacement milks are more appropriate for infants
aged 6–12 months. Well chosen complementary foods, such as
fresh orange juice, potatoes, dark green vegetables, and meats,
can supplement the nutrients that replacement milk does not
adequately provide.

Conclusion
No home-prepared replacement milks in this region of South
Africa meet all the estimated micronutrient and essential fatty
acid requirements of infants aged <6 months, and especially in
the ﬁrst months of life. Commercial infant formula is the only
replacement milk that meets all nutritional needs. Revisions of
the WHO/UNAIDS/UNICEF HIV and infant feeding course
replacement milk options are needed. If replacement milks are
to provide total nutrition, then, at the very least, the preparation should be altered to include addition of a vegetable oil such
as soybean oil as a source of linoleic and α-linolenic acids. A
micronutrient supplement could be developed to increase the
content of selected “at-risk” vitamins and minerals. Home-prepared replacement milks, although cheaper than commercial
infant formulas, are still expensive in relation to average income,
and all require signiﬁcant time to prepare safely. If PM and FM
replacement preparations are recommended, outcomes should
be monitored to ensure the infants’ health and development are
not jeopardized. Additional research on the nutritional adequacy
and the feasibility of replacement milk options presented in
the WHO/UNAIDS/ UNICEF guidelines for infants of HIVinfected mothers for the prevention of mother-to-child transmission is warranted. O
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Résumé
Les substituts du lait maternel recommandés par l’OMS/ONUSIDA/UNICEF pour les nourrissons de mères
infectées par le VIH sont-ils appropriés dans le contexte sud-africain ?
Objectif On sait peu de chose de la valeur nutritionnelle
et de la faisabilité des solutions recommandées par l’OMS/
l’ONUSIDA/l’UNICEF pour remplacer le lait maternel. Cette étude
vise à déterminer si les recommandations de 2001 relatives à
l’alimentation des nourrissons de mères infectées par le VIH sont
bien adaptées pour une région rurale du KwaZulu Natal (Afrique du
Sud), en particulier en ce qui concerne la teneur en micronutriments
et en acides gras essentiels, le coût et les temps de préparation de
ces substituts du lait maternel.
Méthodes La valeur nutritionnelle, le coût et le temps de
préparation des substituts du lait maternel préparés à domicile
et qui contiennent du lait entier en poudre, du lait entier frais,
ainsi que différents compléments en micronutriments (sachet de
micronutriments de l’UNICEF de 2 g, complément habituellement
disponible dans les dispensaires de santé publique de district, et
meilleur complément pédiatrique disponible sous forme liquide
dans les pharmacies locales) ont été comparés. On s’est servi des
coûts des ingrédients disponibles localement pour remplacer le lait
Bulletin of the World Health Organization | March 2004, 82 (3)

aﬁn de calculer les coûts mensuels pour des nourrissons âgés de un,
trois et six mois. Les coûts mensuels totaux des ingrédients utilisés
dans les substituts du lait maternel vendus dans le commerce ou
préparés à domicile ont été comparés les uns avec les autres et
avec le revenu mensuel moyen des personnes travaillant à domicile
ou employées dans des magasins. On a simulé la durée nécessaire
pour préparer un repas à base de substitut du lait maternel.
Résultats Mélangés à de l’eau, du sucre et à chaque complément
en micronutriments, le lait entier en poudre et le lait entier frais
fournissent moins de 50 % des quantités de vitamines E et C,
d’acide folique, d’iode et de sélénium jugées nécessaires et
moins de 75 % des apports en zinc et en acide pantothénique
nécessaires. Le lait entier en poudre et le lait entier frais préparés
avec les sachets de micronutriments de l’UNICEF fournissent 30
% de l’apport nécessaire en niacine. Le lait entier frais préparé
avec n’importe lequel de ces compléments en micronutriments
ne fournit pas plus de 32 % de la vitamine D nécessaire. Tous les
laits entiers en poudre fournissent davantage de vitamine D qu’il
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n’est nécessaire. Par comparaison avec les préparations que l’on
trouve dans le commerce, le lait entier en poudre et le lait entier
frais fournissent entre 8 % et 60 % des apports nécessaires en
vitamines A, E et C, en acide folique, en manganèse, en zinc et
en iode. Les préparations de lait entier en poudre et de lait entier
frais fournissent 11 % de l’apport minimum recommandé en acide
linoléique et 67 % de l’apport minimum recommandé en acide
α-linolénique pour 450 ml de mélange. Il faut 21 à 25 minutes
pour préparer dans les meilleures conditions 120 ml de substitut
du lait maternel à partir de lait entier en poudre ou de préparation
pour nourrissons trouvée dans le commerce, et 30 à 35 minutes
pour les préparations à partir de lait frais. Le lait entier en poudre
ou le lait entier frais représentent environ 20 % du revenu mensuel
en faisant une moyenne sur les six premiers mois de la vie de
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l’enfant, tandis que les préparations commerciales représentent,
elles, 32 % de ce revenu.
Conclusion Aucun substitut du lait maternel préparé à domicile
en Afrique du Sud ne satisfait à tous les besoins en micronutriments
et acides gras essentiels des nourrissons âgés de moins de six mois.
Les préparations pour nourrissons trouvées dans le commerce
constituent les seuls substituts du lait maternel qui répondent à
tous les besoins nutritionnels. Il convient de réviser les solutions
proposées par l’OMS/l’ONUSIDA/l’UNICEF pour remplacer le
lait maternel lorsque la mère est VIH positive. Si les substituts
du lait maternel doivent fournir une alimentation complète, les
préparations doivent comprendre des huiles végétales telle l’huile
de soja comme source d’acide linoléique et d’acide α-linolénique,
ainsi que des compléments en vitamines et sels minéraux.

Resumen
Leches de sustitución recomendadas por OMS/ONUSIDA/UNICEF para los lactantes de las madres
infectadas por el VIH: ¿apropiadas para el contexto sudafricano?
Objetivo Poco se sabe acerca de la idoneidad nutricional y la
viabilidad de las opciones de sustitución de la leche materna
recomendadas por OMS/ONUSIDA/UNICEF. El objetivo del estudio
fue analizar la idoneidad de las recomendaciones de alimentación
de 2001 para los lactantes de las madres infectadas por el VIH
en una región rural de KwaZulu Natal, Sudáfrica, estudiando
especíﬁcamente las cantidades de micronutrientes y ácidos grasos
esenciales, el costo, y el tiempo de preparación de las leches de
sustitución.
Métodos Se compararon la idoneidad nutricional, el costo y el
tiempo de elaboración de las leches de sustitución de preparación
casera que contenían leche en polvo (LP) y leche fresca (LF)
y diferentes suplementos de micronutrientes (2 g del sobre
de micronutrientes del UNICEF, los suplementos del gobierno
habitualmente disponibles en los consultorios de salud pública de
distrito, y el mejor suplemento pediátrico líquido disponible hallado
en las farmacias locales). A partir de los precios de los ingredientes
localmente disponibles para la leche de sustitución se calcularon
los costos mensuales para los lactantes de uno, tres y seis meses
de edad. Los costos mensuales totales de los ingredientes de las
leches de sustitución comerciales y caseras se compararon entre sí y
con los ingresos mensuales medios de los trabajadores domésticos
o de las tiendas. Se simuló el tiempo necesario para preparar una
ración de leche de sustitución.
Resultados Cuando se mezclaron con agua, azúcar y los distintos
suplementos de micronutrientes, las preparaciones de LP y LF
proporcionaron menos del 50% de las cantidades necesarias
estimadas de las vitaminas E y C, ácido fólico, yodo y selenio, y
menos del 75% del zinc y el ácido pantoténico requeridos. Las tomas
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de LP y LF preparadas con sobres de micronutrientes del UNICEF
proporcionaron el 30% de la ingesta adecuada de niacina. La LF
preparada con cualquiera de los suplementos de micronutrientes
proporcionó como máximo el 32% de la vitamina D. Todas las
LP proporcionaron cantidades más que suﬁcientes de vitamina D.
En comparación con la preparación comercial, la LP y la LF
proporcionaron un 8%-60% de las vitaminas A, E y C, ácido fólico,
manganeso, zinc y yodo. Las preparaciones de LP y LF proporcionaron
el 11% del ácido linoleico recomendado mínimo y el 67% del
ácido α-linolénico recomendado mínimo por 450 ml de mezcla.
Se requirieron 21-25 minutos para preparar óptimamente 120 ml
de tomas de sustitución a partir de la LP o de la leche maternizada
comercial, y 30-35 minutos a partir de la LF. El costo tanto de las
preparaciones LP como de las LF supuso aproximadamente un
20% de los ingresos mensuales medios durante los seis primeros
meses de vida, mientras que la leche maternizada comercial costaba
aproximadamente un 32%.
Conclusión En Sudáfrica, ninguna de las leches de sustitución
caseras satisface todos los requisitos en cuanto a las necesidades
estimadas de micronutrientes y ácidos grasos esenciales de los
lactantes de menos de seis meses. La leche maternizada comercial
es la única leche de sustitución que satisface todas las necesidades
nutricionales. Es necesario revisar las opciones propuestas por
OMS/ONUSIDA/UNICEF en cuanto a las leches de sustitución para
lactantes en relación con el VIH. Para que esas leches garanticen
una nutrición completa, las preparaciones deberían incluir aceites
vegetales, por ejemplo de soja, como fuente de los ácidos linoleico
y α-linolénico, así como más vitaminas y minerales.

Bulletin of the World Health Organization | March 2004, 82 (3)

Research
P.C. Papathakis et al.

Appropriateness of WHO/UNAIDS/UNICEF-recommended replacement milks in South Africa

References
1. World Health Organization. New data on the prevention of motherto-child transmission of HIV and their policy implications: conclusions and
recommendations. WHO Technical Consultation on behalf of the UNFPA/
UNICEF/WHO/UNAIDS Interagency Task Team on Mother-to-Child
Transmission of HIV. Geneva: World Health Organization; 2001. WHO
document WHO/RHR/01.28.
2. WHO Collaborative Study Team. Effect of breastfeeding on infant and
child mortality due to infectious diseases in less developed countries: a
pooled analysis. Lancet 2000;355:451-55.
3. WHO, UNAIDS, UNICEF. HIV and infant feeding counselling: a training
course. Geneva: WHO/UNAIDS/UNICEF; 2000. WHO document WHO/FCH/
CAH/00.2–4.
4. Latham MC. Breastfeeding reduces mortality. BMJ 1999;318:1303-4.
5. Department of Health. National HIV and syphilis sero-prevalence survey of
women attending public antenatal clinics in South Africa. Pretoria:
Department of Health; 2000. Available from: URL: http://www.doh.gov.
za/docs/reports/2000/hivreport.html.
6. Curtis B, Bradshaw B, Nojilana B. Socio-demographic proﬁle of the
magisterial district – 1996 census. Tygerberg: South African Medical
Research Council; 2000.
7. Bland RM, Rollins NC, Coutsoudis A, Coovadia HM. Breastfeeding practices
in an area of high HIV prevalence in rural South Africa. Acta Paediatrica
2002;91:704-11.
8. National Academy of Sciences. Dietary reference intakes for vitamin A,
vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese,
nickel, silicon, vanadium, zinc. Washington (DC): National Academy of
Sciences; 2000.
9. National Academy of Sciences. Dietary reference intakes for vitamin C,
vitamin E, selenium and carotenoids. Washington (DC): National Academy
of Sciences; 2000.
10. World Health Organization, Food and Agriculture Organization of the
United Nations. Human vitamin and mineral requirements. Report of a
joint FAO/WHO expert consultation. Geneva: World Health Organization;
2001. Available from: URL: ftp://ftp.fao.org/es/esn/nutrition/vitrni/pdf.

Bulletin of the World Health Organization | March 2004, 82 (3)

11. National Academy of Sciences. Dietary reference intakes for energy,
carbohydrates, ﬁber, fat, protein, and amino acids (macronutrients).
Washington (DC): National Academy of Sciences; 2002.
12. Food and Agriculture Organization (FAO). Fats and oils in human nutrition.
Report of a Joint Expert Consultation. Rome: Food and Agriculture
Organization; 1998. Food and nutrition papers V4700/E.
13. Gibson RA, Makrides M. n-3 Polyunsaturated fatty acid requirements of
term infants. American Journal of Clinical Nutrition 2000;71:251S-5S.
14. Uauy R, Peirano P, Hoffman D, Mena P, Birch D, Birch E. Role of essential
fatty acid in the function of the developing nervous system. Lipids 1996;31:
S167-76.
15. Youdim KA, Martin A, Joseph JA. Essential fatty acids and the brain:
possible health implications. International Journal of Developmental
Neuroscience 2000;18:383-99.
16. South African Vitamin A Consultative Group (SAVACG). Anthropometric,
vitamin A, iron, and immunisation coverage status in children aged 6 to 71
months in South Africa, 1994. South African Medical Journal 1996;86:354-7.
17. Fomon SJ. Infant feeding in the 20th century: formula and Beikost. Journal
of Nutrition 2001:131:409S-20S.
18. Connor WE. Importance of n-3fatty acids in health and disease. American
Journal of Clinical Nutrition 2000;71 Suppl:171S-5S.
19. Fernstrom JD. Can nutrient supplements modify brain function? American
Journal of Clinical Nutrition 2000;71 Suppl:1669S-73S.
20. Innis SM. The 1993 Borden Award Lecture. Fatty acid requirements of the
newborn. Canadian Journal of Physiology and Pharmacology
1994;72:1483-92.
21. Uauy-Dagach R, Mena P. Nutritional role of omega-3 fatty acids during the
perinatal period. Clinical Perinatology 1995;22:157-75.
22. American Academy of Pediatrics. Breastfeeding and the use of human milk.
Pediatrics 1997;100:1035-9.
23. Latham MC, Preble EA. Appropriate feeding methods for infants of HIV
infected mothers in sub-Saharan Africa. BMJ 2000;320:1656-9.

171

