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While being underweight or stunted is recognized as an important risk factor for increased
prevalence and severity of infection and high mortality rates, there is increasing evidence for an
independent role for micronutrient deficiency. Improving vitamin A status reduces mortality
among older infants and young children and reduces pregnancy-related mortality; it also reduces
the prevalence of severe illness and clinic attendance among children. Improving Zn status
reduces morbidity from diarrhoeal and respiratory infection. Treatment of established infection
with vitamin A is effective in measles-associated complications, but is not as useful in the majority
of diarrhoeal or respiratory syndromes. Zn supplements, however, have significant benefit on the
clinical outcome of diarrhoeal and respiratory infections. Concerns that Fe supplements might
increase morbidity if given in malarious populations appear to be decreasing, in the light of new
studies on Fe supplements showing improved haemoglobin without an increase in morbidity.
Breast-feeding, well known to protect against diarrhoea, is also important in protecting against
respiratory infection, especially in the young infant. Transmission of human immunodeficiency
virus (HIV) in breast milk is recognized, but new data showing reduced transmission in infants
who receive exclusive breast-feeding rather than mixed feeding reinforces the importance of
promoting this practice in areas where environmental contamination precludes the safe use of
other infant feeding regimens. The presence of subclinical mastitis, now recognized to occur in
approximately 20 % of mothers in several developing countries, has been shown to increase the
concentration of HIV in breast milk. Preliminary findings suggest that the prevalence of
subclinical mastitis is reduced by dietary supplements containing antioxidants. Governments and
international agencies now have a strong scientific basis to be much more active and innovative
in the introduction of focused nutrition interventions especially micronutrients, for the control of
infection.

Micronutrients: Infection: Pregnancy: Human immunodeficiency virus: Mastitis: Growth

The interaction between nutrition and infection among energy metabolism, including kwashiorkor and marasmus,
children and their mothers in less-developed countries isare now recognized to be the result of a combination of
currently the focus of much research. The experimental,severe metabolic disturbances and the presence of systemic
clinical and epidemiological framework for this interaction and intestinal infection (Golden & Golden, 1979; Waterlow
has been described in reviews (see Scrimsttas 1968; et al 1992). Improved dietary management and greater
Tomkins & Watson, 1989), and there has been a massiveawareness and better treatment of systemic and intestinal
increase in knowledge in the last decade. Unfortunately, theinfection have resulted in a striking reduction of mortality
development of policies and programmes, in the light of this among children with severe protein—energy malnutrition,
knowledge, for the reduction of morbidity and mortality even among those children in homecare management
among children and their mothers has been rather slowprogrammes (Khanurat al 1994). Where high mortality
High rates of mortality among children with severe protein— rates continue, they are usually the result of failure to
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implement knowledge and good practice due to limitations other than by implementation of economic development
in resources, training and skills (Schofield & Ashworth, policies aimed at increasing food production and/or
1996). employment and wealth. Such governments and donors
Severely malnourished children make up approximately have insisted on the over-riding importance of social and
1-3 % of the population of under-5-year-old children in economic policies, which involve quite detailed structural
many African and Asian countries, and even more in timesadjustment, anticipating that as a result of wealth creation,
of civil unrest and drought, or rapid changes in economic malnutrition rates would improve. Others have emphasized
and social policies (United Nations Children’s Fund the importance of safety nets and food baskets, anticipating
(UNICEF), 1998&). However, only a proportion of these that social welfare programmes would enable efficient
children manage to reach and be admitted to a nutritiontargeting towards the most vulnerable groups. It is now
rehabilitation centre or a paediatric ward where malnutrition fashionable to emphasize ‘sector wide approaches’ in which
is treated properly. The impact of severe protein—energygovernments and donors support the management of the
malnutrition is therefore not seen in hospital statistics on whole portfolio of activities within sectors such as health,
malnutrition; rather, its effect is hidden in the high education or environment, aiming to strengthen the capacity
admission rates and case fatality rates from commonof entire ministries rather than focusing on specific
childhood infections such as pneumonia, diarrhoea, malariabiomedical or socio-economic problems. While there are
septicaemia and measles (Costello, 1997). certainly enormous management and administrative needs
Many more children, however, are moderately within such organizations, without clearly defined nutrition-
malnourished. On the basis of a range of anthropometricrelated policies and programmes within a sectoral portfolio,
criteria, over 150 million children are underweight globally, nutrition is often neglected. In practice, few governments or
with a particularly high prevalence in Sub-Saharan Africa donors have shown sustained commitment to the reduction
(nearly 30 million children) and South Asia (over 85 of mortality through specific programmes which focus on
million; UNICEF, 199&). When these issues were nutrition as a means of improving immunity, health,
discussed a decade ago, some nutritionists proposed thatevelopment and survival of children and their mothers. To
such children were ‘metabolically adapted’ to a chronic low nutrition professionals this situation is very surprising, as
nutrient intake (for review, see Beaton, 1989; Waterlow, results of research, in the last decade particularly, have
1989). Indeed, some nutritionists held that this was ashown major health gains following focused interventions,
‘healthy’ adaptation to chronic food shortage such that theespecially from micronutrient supplements. The present
smaller body size as an adult would reduce the nutrientpaper will review some of the evidence that may be used to
requirements, claimed to be advantageous in conditions ofencourage national and international agencies to include
chronic food shortage. However, data from carefully- focused nutritional components within health, economic and
performed epidemiological studies and the results of social policies. However, there are several hurdles to
randomized controlled clinical trials have not supported this overcome before nutrition interventions are taken more
view. It is now clear that stunted and underweight children seriously.
have a significantly increased risk of illness and death, even First, there is lack of recognition of the importance of
after controlling for the poorer physical and socio-economic malnutrition, especially mild or moderate underweight and
environment in which they live (Pelletier, 1994; Vedlaal stunting, as a threat to child survival compared with the
1994). It is also clear that malnutrition increases risk of more clinically-obvious critically-ill children who present
infection, independently of socio-economic status (Tomkins with severe acute infectious disease. WHO and UNICEF
et al 1989), although the way in which the data is recorded have been successful in publicising common causes of
has a considerable influence on the assessment of nutritionmortality among children using highly-effective, graphic
infection relationships (Pickeringt al 1987). It is now illustrations. These causes of mortality have included
particularly evident that micronutrient deficiency is a major important diseases such as diarrhoea, measles, malaria,
risk factor for morbidity and mortality, and that timely tetanus, pertussis, diphtheria and pneumonia (Claeson &
provision of supplements, fortified food or a better diet is Merson, 1990). The last decade has seen a considerable
followed by a reduction in the prevalence, severity and commitment to preventing these infections through better
mortality from certain key infections among children and immunization coverage and improved treatment regimens.
mothers (Filteau & Tomkins, 1999). The immediate In addition, the prevention of the clinically-visible tragic
challenge is to use this information to formulate new more disability resulting from poliomyelitis has also been
effective policies within national and international health successfully promoted by universal vaccination, often
and development programmes. assisted by National Immunization Days. The introduction
of oral rehydration solutions, extremely effective in
reducing death from many dehydrating diarrhoeal diseases,
has been promoted by governments and donors alike
(Bern et al 1992; Victoraet al 1996). There is new
It is important to reflect on why nutrition has not been taken emphasis on vaccines, such as those protecting against
more seriously by national governments and international Haemophilus influenzaB, pneumococcus and hepatitis B.
agencies who seek to reduce childhood mortality. It is The integration of prevention through vaccines and better
unfortunate that many agencies have asserted that the multimanagement through clearly-formulated diagnostic and
plicity of factors that contribute to malnutrition in poor treatment algorithms has been promoted through the new
countries make it too complicated to address malnutrition programme of Integrated Management of Childhood lliness

Lack of nutrition components within health and
development policies in less-developed countries
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by WHO and UNICEF (Beret al 1997). All these medical mortality from infection there is a potentially devastating
technologies are important, but most of them focus on theimpact of human immunodeficiency virus (HIV) and
treatment of sick children seen at clinics or hospitals; theacquired immune deficiency syndrome (AIDS) on infant
prevention of severe illness and mortality through specific and child survival (Gregsoet al 1997; Brocklehurst &
community-based nutrition programmes has not been takerFrench, 1998; Timaeus, 1998). Preventing and managing the
seriously enough. complications of HIV now requires major resources which

Second, most of the previously described health tech-may divert attention away from non-HIV-related infection
nologies, such as vaccines, can be given on a singldn infants, young children and their mothers. Current
occasion, whereas nutrition interventions require a more predictions on the impact of HIV and AIDS on infant and
sustained approach. This approach often leads to theyoung child mortality depend to a great extent on the
dismissive conclusion that nutrition programmes are ‘too prevalence of mother-to-child transmission (MTCT) of
complicated’, because nutrition interventions often need to HIV. Recent studies have shown that combinations of anti-
be given more frequently, sometimes three times per year, oretrovirals in pregnancy, microbicides in delivery, safer
even daily. If health workers alone are expected to admin-delivery practices, anti-retrovirals postnatally and certain
ister these programmes they will indeed be insufficient for feeding patterns all contribute to reduce the transmission
the task. However, most nutrition technologies do not needrate from over 25 % (as was reported in several countries in
health professionals to administer them (Jennings, 1991;Sub-Saharan Africa) to less than 10 % (Newell, 1999).
Kibonaet al 1995). Whether it is vitamin A capsules given However, even if the transmission of Hld utero and
to a young child three times per year or a multiple micro- during delivery can be reduced there is still a high risk of
nutrient mixture on a daily basis, informed motivated transmission through breast milk postnatally, and there is an
committed parents and community leaders can take the leadirgent need to clarify and implement infant feeding policies
in distributing nutritional supplements, promoting improved in populations where HIV is highly prevalent. Unless these
dietary intakes and encouraging the use of fortified foods policies are made widely available, the mortality rates of
(Bloem et al 1995; Darnton-Hill, 1999). Most of the infants and under-5-year-old children are predicted to rise to
successful programmes have been established initially inthose rates seen over 30 years ago (Boarrel 1998).
small-scale projects, often with a lively non-governmental While current attention is focused on Sub-Saharan
organization to initiate and drive the project. There are now Africa, similar demographic change is also anticipated in
good examples of how, particularly with respect to vitamin parts of Asia as the HIV epidemic starts to spread. Until
A, these programmes can be taken to scale nationallynow the importance of nutrition in the prevention of HIV
(Bloemet al 1996). There are now many opportunities for has been somewhat overshadowed by the expectation
the development of culturally-acceptable programmes of that anti-viral treatment will reduce MTCT. There is,
nutritional interventions, especially focusing on micro- however, considerable interest in the role of micronutrients
nutrient supplementation. There are many opportunities forand promotion of appropriate patterns of infant feeding.
professionals to work with local communities such that they UNICEF/WHO/United Nations AIDS have developed
discover their own enormous potential for the reduction of generic guidelines for the prevention and management
morbidity and mortality of their children through of HIV and AIDS in infants, and these guidelines now
community-based activities (Engligh al. 1997). There are  need to be implemented within the context of cultural
positive experiences from the Philippines, carefully and economic environments of high-risk communities
reviewed in a recent monograph (Heaver & Hunt, 1995).  (UNICEF, 199®,c,d).

Third, there has been an over-optimistic viewpoint  Fifth, in recognition of the tragic consequences of the
that infections can be treated more efficiently by the very high rates of maternal mortality in less-developed
development and increased availability of modern anti- countries, there has been a strong emphasis on the provision
microbials. Unfortunately, the microbes responsible for of better antenatal care and improved care during and
pneumonia, dysentery and malaria (Wleteal 1999) are after delivery within an overall programme of ‘Safer
becoming increasingly resistant to available anti-microbials, Motherhood’. These programmes have been active in
and disease-specific case fatality is now increasing in manyimproving the levels of diagnosis, referral and obstetric
areas (Salamet al 1995). Furthermore, while oral care. However, few programmes have included any
rehydration has reduced the numbers of children dying fromconsideration of nutrition other than to promote regular
acute dehydrating episodes of watery diarrhoea, there areonsumption of Fe and folic acid in the antenatal period.
increasing numbers of children becoming infected with Many of the component parts of the ‘Safer Motherhood’
dysentery and persistent diarrhoea syndromes, many ofprogramme rely on improving technical aspects of
them related to underlying malnutrition (Bhuétaal 1997). midwifery and surgical intervention, including better
A major reduction in mortality from diarrhoeal disease was access to obstetric care, including Caesarean section.
anticipated following the introduction of oral rehydration, Despite intense, often successful, programmes of ‘Safer
but this reduction has not been achieved. Thus, there is nowMotherhood’, reduction in maternal mortality has not been
a considerable urgency in preventing these infections in theachieved globally. Indeed, in some countries the maternal
first place, especially by regular supplementation with mortality rate is actually increasing. There is considerable
micronutrients (Tomkins, 1991; Tomkiesal 1993; Black, potential for micronutrient interventions for the reduction of
1998). pregnancy-related morbidity and mortality.

Fourth, despite the best efforts by governments, agencies It is now increasingly recognized that economic policies
and communities to reduce the prevalence of morbidity andand medical technologies in themselves have not been
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sufficient to achieve the national and international goals for A-deficient communities it is now difficult, on ethical
reduction in child and maternal mortality. While there is grounds, to examine the effect of vitamin A supplemen-
considerable opportunity for the inclusion of specific tation on malaria prevalence, morbidity and mortality. On
nutrition interventions, the proponents need clarity and the available evidence, the benefits of vitamin A supple-
persuasive powers. They also need to recognize that policymentation have been compared, in cost effectiveness terms,
and programme staff face many competing demands forwith current malaria control programmes including
resources. While ensuring adequate dietary intake has oftefinsecticide-treated bed nets and malaria vaccines.
been campaigned for using a ‘human rights’ approach, the The impact of vitamin A on diarrhoea complicating
reality is that when anything new or additional is considered measles has been demonstrated in South Africa (Hussey &
in programme terms, costs and benefits need to beKlein, 1990), but the impact on other diarrhoeal syndromes
calculated. There is at present a steadily increasing body oflepends on the pathogen and the type of diarrhoea. There is
knowledge which enables these calculations to be made forather variable evidence on the impact of vitamin A supple-
nutritional interventions (Murray & Lopez, 1994). At the mentation on the epidemiology of disease in terms of
very least they provide ‘good value for money’ compared incidence or duration. Studies of vitamin A prophylaxis in
with medical technologies. As new data becomes availableGhana showed reductions in the prevalence of severe
it will be possible to provide a larger informed portfolio of diarrhoea (Ghana VAST, 1993), but interpretation of
nutrition interventions. the data is complicated by the fact that many children
who present to health facilities with diarrhoea have
accompanying systemic diseases such as septicaemia,
pneumonia or malaria. Thus, the beneficial effects of
After early studies showing a high risk of mortality among vitamin A may reflect an impact on these infections rather
children with clinical and biochemical evidence of vitamin than on the intestinal tract directly. Overall, there is little
A deficiency (Humphreyet al. 1992; Sommer, 1993), a effect of vitamin A supplementation on the outcome of
series of randomized controlled clinical trials have shown watery diarrhoea from infections such as rotavirus and
that regular administration of vitamin A capsules reduces enterotoxigenicEscherichia coli (Henning et al 1992).
mortality by approximately 20 % among infants and young However, the duration of dysenteric diarrhoea was
children in vitamin A-deficient areas. In addition, there is shortened in studies in Bangladesh and India. From the
reduction in morbidity, although not necessarily mortality, perspective of improving vitamin A status by regular admin-
in the neonatal and early infant periods if doses are given inistration of large doses, it is evident from trials in South
the postnatal period (West al 1995; Humphreyet al Africa that the timing of the dose of vitamin A (during an
1996). Thus, in areas where vitamin A deficiency is defined, acute episode of diarrhoea) does not influence the levels
the regular supply of vitamin A capsules is increasingly of vitamin A when assessed 8 weeks later; neither does it
given as part of Child Survival Programmes. While there is have any impact on the clinical outcome or the extent of
clear evidence of reduction in young child mortality overall intestinal damage assessed by lactulose and mannitol
if regularly given on a 3—4-monthly basis, it is not exactly excretion (S Filteau, NC Rollins and AM Tomkins,
clear which diseases are affected by vitamin A. unpublished results). In India, however, children with
In Ghana (Ghana VAST, 1993) regular supplementation diarrhoea who were treated with a rigorous regimen of
with vitamin A reduced, by approximately 15 %, the rehydration and antibiotics showed benefit, in terms of
prevalence of episodes of infection which were severeclinical duration and intestinal permeability, if they received
enough to require a clinic attendance. This situation wasvitamin A (McCullough et al 1999). The duration of
particularly noticeable for children presenting with severe respiratory infection and febrile illness was decreased
dehydrating episodes of diarrhoea. In South Africa (Husseyamong infants of mothers who received a large dose of
& Klein, 1990) and Tanzania (Barclay al 1987) vitamin vitamin A after delivery (Royet al 199@). There was no
A has a major impact on the clinical outcome and the effect of vitamin A on respiratory infection among Brazilian
mortality from pneumonia following measles. In a children receiving vitamin A, but overall child mortality and
comparison of international studies, however, the impact ofthe prevalence of severe diarrhoea were reduced (Barreto
vitamin A on the outcome of non-measles pneumonia waset al. 1994). Among severely-ill children in an Indian slum,
negligible (Pneumonia Working Group, 1995). Regular those who received a large dose of vitamin A (60 000 retinol
supplementation with vitamin A also had an impact on equivalents) had a significant reduction in severity and
malaria in a recent study in Papua New Guinea (Shankeruration of diarrhoea compared with controls. However,
etal 1999). There was a 30 % decrease in the number ofadministration of vitamin A did not alter the clinical course
febrile episodes with a high parasite count. Parasite densityof those with severe respiratory infection (Bhanasral
was also reduced. The study was not able to examinel994). Some benefits were observed in different indicators
whether there was any impact on child mortality. In the of morbidity for infants of HIV-positive mothers if the
Ghana study of vitamin A supplementation and child women received vitamin A during pregnancy (Coutsoudis
survival (Ghana VAST, 1993) there was no evidence of aetal 1995). There was no clinical benefit from adding
decrease in morbidity or mortality from malaria as assessedvitamin A to the intake of adults with persistent diarrhoea
by reports of febrile episodes, but there was a 20-30 %from AIDS in Zambia (Kellyet al. 1999).
reduction in the prevalence of malaria slide-positive In view of the well-recognized effect of vitamin A
episodes in the vitamin A-supplemented group. In view deficiency on epithelial surfaces, it is of interest that
of the proven benefits of vitamin A on mortality in vitamin shedding of HIV from the reproductive tract is greater

Vitamin A
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among women with low serum retinol levels in Kenya (John are well described (Golden & Golden, 1981; Retyal
et al 1997; Mostacat al. 1997). There is also an association 1997%). Zn supplements are now recommended for the
between low levels of vitamin A and high rates of MTCT routine management of children with severe protein—energy
transmission of HIV in Malawi (Sembet al 1994). It is malnutrition, whether they are in wards, nutrition centres or
difficult to know whether these relationships between low refugee camps. Experimental studies of Zn deficiency show
serum retinol levels and pathological change are causal, as marked effect on intestinal morphology and function.
low levels of plasma retinol are often indicative of an acute- There is villous atrophy and a heightened secretory response
phase response. Thus, the women with the highest viral loado diarrhoeal pathogens, such as the toxin fiditrio
and clinical manifestations of HIV-related disease, and cholerae Early clinical studies of the effect of Zn
therefore more likely to shed or transmit the virus, are alsosupplementation among malnourished children in
likely to have low serum retinol levels. It was hoped that Bangladesh showed a reduction in the loss of intestinal fluid
intervention with vitamin A prophylaxis of pregnant among children with acute diarrhoea and a shortening of the
HIV-positive women would in fact reduce the prevalence of duration of diarrhoea (Royet al 199hb). Similarly,
MTCT transmission (Nduatet al 1995). Unfortunately, among malnourished Bangladeshi children with persistent
preliminary results of such studies have failed to show suchdiarrhoea syndrome there was a beneficial effect of Zn
a beneficial effect of vitamin A supplementation among supplementation on the duration and severity of diarrhoea.
pregnant women in South Africa (Coutsoudisal 1997). There was also a lower mortality among the Zn-
Results of studies in other countries are awaited. supplemented group (R&t al 1998). In both studies there
The association between vitamin A deficiency and was an improvement in the intestinal structure, as assessed
puerperal infection has been recognized since the pre-dy urinary excretion of lactulose and mannitol after an oral
antibiotic era, but this crucial fact has been largely ignored.test dose (Royet al 1992). When these children were
‘Safer Motherhood’ policies and programmes have mainly followed up for 12 weeks by regular home visits it was
emphasized the primary importance of improved midwifery noted that the Zn-supplemented children had fewer episodes
and surgical practices as a means of decreasing maternaif diarrhoea and respiratory infection. There is no data on
morbidity and mortality. There has until recently been no the impact of Zn supplementation on mortality from
data on the impact of vitamin A supplementation on diarrhoea, but case fatality rates among malnourished
pregnancy outcome. A recent study of the impact of vitamin children with persistent diarrhoea range from 5 to 15 %.
A or B-carotene given regularly to women of reproductive Thus, reducing the prevalence of diarrhoea, especially from
age on the mortality related to pregnancy in Nepal showedpersistent diarrhoea or dysentery, may result in improved
approximately 47 % reduction in mortality from either form child survival.
of supplementation (Wesdt al 1999). It is not possible Recent studies have examined the effect of daily doses of
because of study sample limitations to perform statistically Zn-containing syrup among malnourished children in an
significant sub-analyses on whether particular causes ofurban slum in India. Children who received daily doses of
mortality are less frequent in the intervention groups. Zn experienced a decrease, approximately 45 %, in the
However, the study gives important data on the causes,jncidence of respiratory infection (Sazawetl al. 1998).
assessed by verbal autopsy, of mortality. It is of Among low-birth-weight full-term infants in Brazil there
considerable interest that supplementation was notwas a 28 % decrease in the prevalence of diarrhoea and a
particularly associated with a difference in rates of mortality 33 % decrease in the prevalence of cough in a Zn-
from infectious disease. Other studies, particularly in supplemented group (Liet al. 1998). While there have not
malarious areas and those areas where sepsis is commohgen large community-based studies of regular prophylaxis
will be important to establish. However, the finding that with Zn and assessment of mortality, the case fatality from
daily vitamin A orp-carotene supplements reduce mortality pneumonia is more than 5 % in many countries, and the
by approximately 50 % is very striking. Various nutritional reduction in prevalence as a result of daily supplements
interventions for the prevention of maternal morbidity have would be expected to reduce child mortality.
been reviewed (Kulieet al 1998), but they concluded that While these results are impressive, it is important to
there is a need for trials with sufficient statistical power in recognize that all studies of Zn supplementation do not
order to conclude what micronutrients should usefully be show benefit. A study of severely-malnourished Pakistani
given as supplements during pregnancy. children who were receiving a rehabilitation diet of lentils,
The benefits of regular doses of vitamin A should not rice and milk, did not show any benefit in terms of diarrhoea
overshadow the many opportunities there are for increasingmorbidity or weight gain if Zn supplements were given
intake of dietary vitamin A and integrating supplementation (Bhuttaet al 1999). It may be that the addition of Zn salts to
with improved dietary intake (de Peeal 1998; Filteau & the local high-phytate diet impairs their bioavailability, or
Tomkins, 1999). However, the problems of achieving satis- the Zn content of the rehabilitation diet might be satisfactory
factory improvement in vitamin A status using fruits and anyway. Severely-malnourished children in a nutrition
vegetables have been highlighted recently (de €eal rehabilitation centre in Bangladesh showed an increased
1999). mortality when given large doses of oral Zn (Dohettyal
1998). Several explanations are possible. Cu deficiency is
recognized during large-dose Zn supplementation; the Zn
impairs absorption. Cu deficiency may cause a severe
The effects of Zn deficiency on the immunity, growth and leucopenia with a consequent decrease in immune function
survival of children with severe protein—energy malnutrition (Percival, 1998).

Zinc
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Zn deficiency may also contribute to decreased immunity malaria. However, there are also many other reports which
and increased morbidity and mortality during pregnancy. fail to show such a hazardous interaction (Oppenheimer,
Experimental studies show major changes in reproductive1998).
performance and outcome, with considerably increased The conflict between the approach which allows the
mortality, but it is difficult to know how relevant these administration of Fe supplementation in order to prevent
changes are to human reproduction. There are severatlisability and death from anaemia, and the approach which
reviews of the association of Zn deficiency and a series ofrestricts Fe supplementation in order to prevent morbidity
complications in pregnancy and their contribution to and mortality from infection has not really been resolved,
maternal mortality (Caulfieldet al 1998). However, because many of the studies have been experimental and
assessment of the role of Zn deficiency is difficult, as very theoretical rather than clinical and epidemiological. A recent
few supplementation studies have been performed and mostigorous study of supplementation of Tanzanian infants
of the published data has been from studies among womerfMenendezt al 1997) with different prophylactic regimens
with marginal Zn deficiency (Caulfielet al 1999). Several  has shown that those who received daily Fe supplements had
studies show an improvement in birth weight following Zn a lower rate of anaemia than those who received malarial
supplementation (Goldenberg al 1995). Other studies prophylaxis alone. The data showed a protective efficacy of
reviewed by Ramakrishnaret al (1998) show an  28-8 % compared with a control population that did not
association between Zn deficiency and increased risk ofreceive Fe. Their attack rate for anaemia, as assessed by
pregnancy-related morbidity such as prolonged labour,regular anaemia surveillance, was 0-62 cases per child per
toxaemia and blood loss, but there is no convincing year compared with 1-0 cases per child per year in the
information on the impact of Zn supplementation on these controls. Moreover, they did not experience different attack
aspects of maternal health and morbidity. Again, there is norates of clinical malaria. The frequency of malaria episodes
information on whether Zn supplementation, given on a in unsupplemented. supplemented children was 0-87
regular basis in Zn-deficient populations, will result in a 1-00 cases per child per year. In comparing the relative
reduction in maternal mortality. contributions of malaria or Fe deficiency to the high

Most studies have examined syrup preparations of Znfrequency of anaemia noted in a longitudinal study, it was
which are convenient but not always available. The proposed that about 60 % of all episodes of anaemia were
importance of including an adequate dietary Zn intake is attributable to malaria and about 30 % were due to Fe
emphasized by studies from Malawi, but the considerabledeficiency. Similar estimates were made in studies of the
difficulties in obtaining Zn from high-phytate cereals are a cause of anaemia among infants in The Gambia, West
remaining challenge (Gibsoat al 1998; Huddleet al Africa (Menendezet al 1994), where Fe deficiency was
1998). calculated as being present in 28 % of cases of anaemia.
Supplementation of older children with a mixture of several
micronutrients, including Fe, improved biochemical status
but did not increase the frequency or severity of clinical
Severe Fe deficiency causes suppression of several aspectpisodes of malaria (Bates al. 1987; Fulleret al 1988).
of the immune system (Bhaskaram & Reddy, 1975). TheseThese recent studies therefore indicate that the provision of
factors can result in increased susceptibility to infection, regular Fe supplements not only contributes to the
specifically bacterial infection. There are considerable prevention of anaemia, with little or no increased risk of
interactions between infection and plasma levels of micro- malaria, but has an important impact on the immune
nutrients which make it difficult to assess nutritional strength of the host.
status, and controlled trials of interventions are necessary
(Filteau & Tomkins, 1994; Friiset al. 1996; Friis &

Michaelsen, 1998). The increased mortality associated with

severe anaemia is well established among children andodine-deficiency disorders (IDD) are still common in many
pregnant women, and many public health programmesendemic areas of the world, despite calls by international
include Fe supplements to pregnant women, but very fewagencies such as UNICEF for universal iodization of salt
provide Fe supplementation for infants and children. There (Hetzel, 1989), and the devastating effects on cognitive
have been several theoretical or empirical reasons why Fdunction are well documented (Hudgaal 1999). There has
has not been advised in populations where infections arebeen considerable progress in implementation, but there are
endemic. First, experimental studies showed an increasedtill many millions who are | deficient. | deficiency does not
bacterial growth when Fe was added to the culture mediumaffect immunity, but there are increased perinatal and infant
(Andrews, 1998; Brochet al 1998). Second, there were morbidity and mortality rates among children with IDD.
reports of increased intestinal parasitic infection during This situation probably reflects the poor survival of
refeeding of refugees, although these studies were observahypothyroid infants who have impaired neurological
tional and there were confounding variables (Mureagl. development. In addition, there is a significant effect of IDD
1978). Third, there was increased respiratory morbidity on birth weight, accounting for an approximately 155g
and mortality when Fe was given intramuscularly to difference between euthyroid and hypothyroid neonates in
anaemic infants in Papua New Guinea (Oppenhe@nat Bangladesh (US Anwar, ZR Anwar, M Fischer, KR Sullivan
1986). Fourth, there have been reports that Fe suppleand AM Tomkins, unpublished results). The impact of a low
mentation increased susceptibility of infants and children to birth weight might have an impact on immunity, which is

Iron
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independent of IDD itself. There may be factors other than | Breast-feeding
which contribute to goitre and hypothyroidism (Filtezual.
1994).

The importance of | deficiency as a risk factor for
stillbirths and miscarriages is well documented in cross-
sectional studies (Hetzedt al 1990). As many of these
women are at risk of sepsis following such pregnancy

The benefits of breast-feeding are extensive and well
documented (Victorat al. 1989). The benefits have mostly
focused on the reduction in the incidence, severity, duration
and mortality from diarrhoea, especially among
malnourished children (Browet al. 1989). Several studies
failures, it seems likely that maternal mortality might be gg\ﬁnis%ggjprggﬁ;;?dvm?cﬁr()itsec;[;\lsi egfffct,r?]fi I%e?ﬁéferig'sntg

increased, but there is no data on whether IDD results in. :
increased maternal mortality. Considering that many areas"‘nport"’Int cause of death among children under 5 years of

; 7 age globally. A recent study from Brazil (Cestial 1999)
afflicted by | deficiency are remote from matemal health oo 04’ that infants who were not being breast-fed were
services, it seems important to investigate the impact of

miscarriages and stillbirths from IDD on maternal mortalit seventeen times more likely to be admitted to hospital for
The evid(gnce for improved pregnancy outcome is so Strgr']gpneumonia. The benefits of breast-feeding —were
that iodization of salt should be an obligatory part of ‘Safer considerably reduced if infant formula was added to breast

) : : : milk. Rates of pneumonia were much higher in those
&%ﬁ&%@d programmes which are in place in an 1DD receiving solids, fluid supplements and/or formula milk.

The excess risk was particularly pronounced in infants less
than 3 months of age, but was still present among older
infants. These findings support the promotion of exclusive
breast-feeding, especially during the first 3 months of life.
In view of the evidence that individual micronutrients have = The demonstration of MTCT of HIV through breast milk
quite marked effects on morbidity and mortality, there is presents a tragic dilemma. Millions of children have now
increasing interest in combining micronutrients. There are been infected with HIV, most of them live in Sub-Saharan
important interactions between micronutrients such that Africa (Newell, 1999). Transmission can be attributed in
large doses of one may inhibit the absorption of another, andabout equal proportions to infectiom uterg during
these interactions need to be considered in interpreting thelelivery or from breast milk, although the relative
results of multiple micronutrient intervention. However, at contribution of each of the opportunities for infection varies
present, there are remarkably few studies on the effect ofconsiderably (Dunet al 1992; Bertolliet al 1996).
multiple micronutrient interventions on immunity or Whereas in industrialized countries MTCT has been
morbidity in mother and child health. One of the most recent dramatically reduced by the use of anti-retroviral agents
studies is an evaluation of the impact of multiple micro- during pregnancy, appropriate obstetric care and exclusive
nutrients on the pregnancy outcome of HIV-positive women formula feeding after delivery, these options are usually not
in Tanzania (Fawzet al 1998). Mothers received either a available or feasible for women in less-developed countries.
placebo, vitamin A alone, or vitamin A with a range of The cost and availability of anti-retroviral therapy in
additional micronutrients, which consisted of thiamin, pregnancy, such as zidovudine, is still so high that only a
riboflavin, vitamins B, B1,, C and E, niacin and folic acid. ~ very small proportion of the population will be able to
There were several important findings. First, there was access it. Some of the options have been reviewed (Kuhn &
an increase in numbers of CD3, CD4 and CD8 lympho- Stein, 1997). Recent data on the use of nivirapine, a much
cytes among the mothers receiving multiple micronutrient cheaper drug, given as two single doses (one in labour and
interventions, whereas supplementation with vitamin A the other to the infant) show a striking reduction in MTCT.
had no effect. Similarly, there was no effect of vitamin However, even with nivirapine, transmission by breast milk
A supplementation on pregnancy outcome. However, is still significant. Unfortunately, from the perspective of
multiple micronutrient supplementation was associated transmission, the cost and safety of infant formula in poor
with significant reduction in the percentage of women socio-economic conditions is such that the potential benefit
who had fetal deaths (9:6 % v. 5-9 %), stillbirths (6-%.%  of preventing postnatal transmission of HIV by using infant
3:5 %), low birth weight (15-8 % 8-8 %), a composite of  formula may result in increased mortality from infectious
preterm birth or low birth weight (8-8 % 3-8 %) or an disease as a result of the lack of breast-feeding. An added
infant who was small-for-gestational age (17-8.%0-0 %). dilemma is caused by the lack of diagnostic facilities.
These rather striking findings are important for HIV- Currently, the only tests widely available are for HIV anti-
positive women, but there is no evidence yet that suchbodies rather than the virus; it is not possible to establish
improvements would be expected in women who are HIV- whether an infant is truly HIV-positive or -negative until at
negative. least 12 months of age, and feeding advice based on
Mixtures of micronutrients have been investigated in knowledge of infectious status is not possible on an
many studies where the focus has been on nutritionalindividual basis.
outcomes (Ndossi & Taylor, 1999). Variable responses in  Although it is estimated that about one-third of cases of
haemoglobin, plasma Zn and retinol levels with increase in paediatric HIV globally contract their infection from breast
linear growth have been observed in China @tial. 1993) milk, these numbers vary considerably from country-to-
and Vietnam (Thuet al 1999), although effects on country. A meta-analysis (Dunet al 1992) showed that
morbidity were not recorded. transmission was much higher (29 %) if the HIV infection

Mixed micronutrients
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was acquired during lactation than if the mother was alreadystudy of infant growth in relation to subclinical mastitis in
HIV-positive during pregnancy (15 %). An important factor Bangladesh. A recent study in South Africa shows that there
contributing to the transmission rate is the duration of are certain patterns of occurrence of subclinical mastitis.
breast-feeding; if breast-feeding is of long duration then the Bilateral subclinical mastitis is of a typical mild form with
risk of transmission is higher. If transmission is more low Na:K values, whereas unilateral subclinical mastitis is
common in early lactation these data would tend to more common and is often more severe with high Na:K
overestimate the proportion of infants with HIV who values and elevated levels of interleukin 8; there are higher
acquire their infection from breast milk. Recent calculations viral loads in samples from women with subclinical mastitis
using pooled data from African children who were known to in Durban, South Africa (Willumseet al 2000). The asso-
be HIV-negative at 3 months postpartum indicate a risk of ciation between subclinical mastitis, viral load and MTCT
transmission of 3-2 cases per 100 child years of breasthas been demonstrated in Malawi, although no information
feeding (Leroyet al 1998). In their analysis of breast-fed on the pattern of subclinical mastitis was provided (Semba
infants from a single African country Lerast al (1998) & Neville, 1999).
showed that approximately 10 % of children who were HIV- ~ The demonstration that HIV viral load is increased
negative at 7 weeks became HIV-positive subsequently, buamong women with subclinical mastitis has enormous
there is insufficient data to assess the relative risk of breastimplications for the transmission of HIV in the breast milk.
feeding at individual time points after delivery. In a It puts great emphasis on the reduction of the prevalence and
subgroup analysis of the study, the additional risk of severity of subclinical mastitis by whatever means possible.
transmission from breast-feeding was 2:5, 7-4 and 9:2 % aA recent study among women in Tanzania shows that the
12, 24 and 36 months of age respectively. prevalence of subclinical mastitis is lower among women
The HIV load is highest in colostrum (Markhash al who received dietary supplements with sunflower-seed oil
1994) and in early lactation (Van de Perre, 1999), but breast-during pregnancy and lactation (Filteaat al 1999).
milk immune factors are also higher at these times. TheSunflower-seed oil has a high level of vitamin E; the
relationship between viral load in breast milk and potential antioxidant capacity of this oil may be extremely
transmission via this route needs further study. Other riskrelevant to the decrease in levels of mastitis.
factors are likely to be important in the postnatal Among the women studied in South Africa, those
transmission of HIV. These factors include deficiency of mothers who feed their infants with breast milk exclusively
some of the many immunological-active components of have a lower prevalence of subclinical mastitis than those
breast milk. The presence of sulfated glycosaminoglycans ismothers who use mixed feeding. It is postulated that milk
of potential importance because of their inhibition of stasis, attributable to the introduction of mixed feeding,
binding of CD4 cells to the HIV-envelope glycoprotein. might contribute to the establishment of subclinical mastitis.
(Newburg et al 1992). Impaired immunity in the Thus, a combination of infection, micronutrient deficiency
mother, assessed by clinical staging of HIV and AIDS and and mechanical issues such as placement, may be important
CD4-CD8 counts as a result of HIV itself, breast abscessesn the development of subclinical mastitis (Willumsstral.
or cracked nipples, systemic maternal infection (from pelvic 2000).
inflammation or malaria) or increased viral shedding in  Rates of MTCT in relation to type of infant feeding have
vitamin A deficiency have all been proposed. been studied recently in an urban community in Durban,
There may also be altered immune function and viral South Africa (Coutsoudigt al 1999). Transmission was
uptake by the intestinal mucosa of the infant. These factorsl8-8 % among never-breast-fed children (i.e. those who
could be influenced by dietary antigen stimulation and received infant formula alone). This value compared with
malnutrition (including Zn and vitamin A deficiency which 14.6 % among exclusively breast-fed infants and 24-1 %
are known to affect immunological competence and among infants receiving mixed feeding. Even after
mucosal structure and function). Other factors which could allowance for potential confounders such as maternal
enable increased viral uptake include candidal lesions of theCD4:CD8 cells, syphilis screening results and premature
buccal mucosa and intestinal damage from infections. delivery there was a significantly lower risk of HIV trans-
An additional novel hypothesis has been put forward mission (hazard ratio of 0-52) among exclusively breast-fed
during studies of breast-milk immunology among women in infants compared with those receiving mixed feeding. There
Bangladesh (Filteaet al 1996, 1999) and South Africa are several possible explanations. First, the protective effect
(Willumsenet al 2000). It was noted that approximately 20 of exclusive breast-feeding may be due to lower levels of
% of women in these countries have subclinical mastitis, assubclinical mastitis, and therefore a decrease in the
assessed by high levels of Na:K and interleukin 8 levels inaccompanying viral load in breast milk (Willumsenal
breast milk. This condition is especially important within 1999). Second, the delay in introduction of dietary antigens
the HIV context because of the association between highmay cause a lower immunological response in the intestinal
numbers of HIV particles and subclinical mastitis (Filteau mucosa; this lower response may decrease the uptake of
et al 1999). The veterinary literature has recognized virus from the gut into the circulation. Third, the addition of
subclinical mastitis for several decades. It is known to be microbes in a mixed diet may damage the intestinal mucosa;
associated with a high load of a range of bacteria, and isindeed, this possibility is suggested by previous studies of
especially common among cattle being fed on antioxidant-intestinal permeability in different dietary groups (Udall
deficient pastures. Subclinical mastitis has been noted to best al 1981).
associated with poor milk volume and growth faltering in ~ The findings from Durban (Coutsoudist al 1999)
farm animals, and these factors were also present in thesuggest that the risk of transmission is relatively low if
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infants are breast-fed exclusively for 3 months. However, makers is to identify specific focused nutrition interventions
the infection rates thereafter, not yet available from the within a portfolio of activities aiming to increase survival,
Durban study, are quite high in other studies development and human capacity, without which poverty
(UNAIDS/World Health Organization/UNICEF, 1998), and will never be eradicated.
in the absence of more data it seems that after 3 months
breast milk should not be given if accompanied by other
foods. It is hoped that with more widespread availability and
effectiveness of new anti-retroviral drugs the MTCT rates Andrews SC (1998) Iron storage in bactefidvances in Microbial
are likely to fall. Even so it will still be necessary to promote  Physiology40, 281-351. -
the reduction of transmission of HIV by dietary means. At Bafc'j‘y AJ’t FﬁSterlAt&dS?mmerAl(lgS?) V'Ejam'_” AdSUFP_'eTet'Ttsl
present it seems that the appropriate advice in poor 2and mortality reiated to measies. a randomised clinical trial.
communities is to reinforce existing messages promoting ., B1ush Medical Journal94 294-296.
the exclusive use of breast-feedin til 3-4 ths of Barreto ML, Santos LM, Assis AM, Araujo MP, Farenzena GG,
. g unti mMOonNtnS Ol a9€. 'santos PA & Fiaccone RL (1994) Effect of vitamin A

Thereafter, the message is not so clear. In the absence of g 5pjementation on diarrhoea and acute lower-respiratory-tract
carefully-controlled ~ studies examining the postnatal infections in young children in Brazllancet344, 228-231.
transmission of HIV using different regimens of stopping Bates CJ, Powers HJ, Lamb WH, Gelman W & Webb E (1987)
breast milk, it is not possible to calculate the additional risk  Effect of supplementary vitamins and iron on malaria indices in
of MTCT if breast milk is continued after 4—6 months. If  rural Gambian childrenTransactions of the Royal Society of
early cessation of breast-feeding is promoted there may be Tropical Medicine and Hygien&l, 286-291. _ _
considerable deficiencies of Fe, Zn and other micro- Beato”t_GHE(lggg) SrJna” bUI't ?g?lthy?l Q"t? _;{VQA gss"égg 8“712 right
nutrients. Growth faltering, anaemia, impaired immune _ question=uropean Journal of Ciinical NUtritions, 555-679.
response and increase in the prevalence of severe infectiof€™" C: Martines J, de Zoyza | & Glass Rl (1992) The magnitude

Il possible in the non-breast-fed child. In addition. the of the_ global problem of dlarrhoea_ll dl_sease. a ten-year update.
are all p . . . L Bulletin of the World Health Organizatiof0, 705-714.
loss o_f the contraceptive benefits of breast-f_eedlng increasezern ¢, zucker JR, Perkins BA, Otieno J, Oloo AJ & Yip R (1997)
the risk of early further pregnancies with associated Assessment of potential indicators for protein-energy mal-
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