ORIGINAL ARTICLES

NUTRITION AND HUMAN
IMMUNODEFICIENCY VIRUS
INFECTION IN CHILDREN
Brian Eley, Gregory Hussey

Objectives. To review the relationship between nutrition and
paediatric lllV infection, and to discuss treatment options
and their applicability to situations with scarce resources.
Results. Growth failure and malnutrition are frequent
complications of paediatric lllV infection. Intra-uterine
growth of ~ts born to lllV-seropositive mothers is
compromised, and paediatric lllV infection causes early and
progressive growth failure throughout childhood.
Furthennore, micronutrient deficiencies are widespread and
may accelerate immunological deterioration. Dysfunctional
gastro-intestinal and metabolic processes underpin many of
these growth changes. Although nutritional requirements of
lllV-infected children have not yet been optimised, certain
interventions such as improving energy intake may improve
general well-being while vitamin A supplements reduce
infectious complications during the early course of1he
disease.

Conclusion-. Further research is needed to opfimise the
nutritional requirements in children with HIV infection, and
to identify specific inicronutrient supplements which may
further reduce the frequency and severity of secondary
infections.
S Afr Med J 1999; lI!I: 190-195.
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I-llV continues to have a major impact on child health and
survival worldwide. Of the more than 1.5 million children who
have already developed AIDS, 85% reside in sub-Saharan
Africa l Seventy-five per cent of all infected children die before
the age of 5 years, the majority because of opportunistic
infection or malnutrition. In South Africa the true extent of the
problem is unknown. However, if one extrapolates from the
Sixth ational I-llV Seroprevalence Survey conducted among
women attending antenatal clinics, approximately 40 000 I-llVinfected infants were born in South Africa in 1995.'
I-llV infection is most prevalent in developing countries,
where malnutrition abounds.' A study indicated that 56% of
child deaths in these countries may be attributed to the
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potentiating effects of malnutrition! Growth failure and
malnutrition are frequent concomitants of I-llV infection.
early everyone with I-llV infection will eventually develop
growth failure, which shortens survival time. Furthermore,
recurrent infections, including diarrhoeal disease and
respiratory infections caused by declining immune function,
compound growth failure and malnutrition.
The purpose of this article is to review the relationship
between HlV infection and nutrition, and to discuss
management strategies, and their applicability to situatio~
with scarce resources.
. '.
GROWTH FAILURE AND MALNUTRITION IN
HIV-INFECTED CHILDREN

.,

Growth and nutritional changes

,c"

Several studies indicate that intra-uterine growth of infa.nts
born to HIV-seropositive mothers is compromised. A s;iudy
from Zambia found that the prevalence of low birth weight
« 2 500 g) was higher in infants born to seropositive than in
those born to seronegative mothers. The prevalence of
prematurity was similar in the two groups.' A recent study
from Rwanda showed that birth weight, crown-to-heellength, .
head circumference and placental weight were lower in infants
born to seropositive mothers. Maternal I-llV-1 infection was
significantly associated with intra-uterine growth retardation,
but not with prematurity. Furthermore, differences in body
mass index and weight/head ratio suggested that the impact
on fetal growth was greater towards the end of pregnancy.'
Another study (from Zaire) showed that the severity of
maternal disease influences the degree of growth retardation.
Intra-uterine growth of children born to mothers with AIDS
was more compromised than that of children born to
seropositive mothers without AIDS. 7 However, studies
comparing growth at birth of infected and uninfected infants
born to I-llV-seropositive mothers have shown their growth to
be similarly compromised; in particular, there were no
Significant differences in birth weight and the prevalence of
prematurity.'"
Paediatric lllV infection causes early and progressive
decrements in attained linear growth and growth of mass, early
and sustained decrements in head growth and marked
decrements in body mass index. Postnatal growth differences
between infected and uninfected children are maintained
throughout childhood. lO•n However, while uninfected children
born to seropositive mothers show catch-up growth, infected
children fail to catch up!
Changes in body composition reflect changes in water,
protein, fat and mineral content. Depletion of total body
potassium, intracellular water, and somatic and visceral
protein, as well as variable depletion of body fat, occur in
adults with AIDS.12·14 Furthermore, timing of death in adults is
related to magnitude of depletion of total body potassium, a

Table I. Growth and nutritional changes in

mv infection

Mean birth weight is lower iIi infants of seropositive than
seronegatiYe mothers.
Growth parameters at birth are similar for infected and
uninfected infants born to seropositive mothers.
Mean birth weight is lower in infants born to mothers with
AIDS than to seropositive mothers without AIDS.
Postnatal growth is significantly impaired from 3 months of

age.
Postnatal growth is compromised throughout childhood.
Preferential muscle wasting over fat wasting 0CCUlS.
Somatic and visceral protein depletion occur.
Essential amino acid depletion OCCUIS.
Multiple trace element, vitamin and electrolyte defici~cies
occur.

measure of body cell mass. 15 Similar body composition changes
occur in HIV-infected children. Findings indicate that
preferential muscle wasting over loss of fat stores occurs
(Table s
In developing countries the burden of malnutrition among
HIV-infected children is usually greater and more severe than
in the general paediatric population. A local study of 240
infected children showed that at diagnosis (median age of 6
months) 64% were below 80% of expected weight for age
(EWA) and 18.5% were below 60% EWA.'6 This contrasts with
national figures indicating that about 10% of all South African
children aged 6 -71 months are below 80% EWAY Similarly, a
study conducted in Zimbabwe showed that of 219 HIV-infected
children, 52% were below 80% EWA and 26% were below 60%
EWA. In contrast, of 485 non-infected children assessed, 21%
were below 80% EWA and 6% below 60% EWA. 'S Two smaller
descriptive studies from South Africa have confirmed the high
prevalence of failure to thrive and malnutrition among infected
children. '9,20

n.

Micronutrient status
A number of studies of infected .adults have documented many
micronutrient deficiencies. In 100 patients, low blood levels of
vitamin A (18%), vitamin E (27%), riboflavin (26%), vitamin B6
(53%), vitamin B12 (23%), copper (74%) and zinc (50%) were
documented. With exception of riboflavin, zinc and copper, a
1?imilar prevalence of abnormalities among seronegative
controls was not observed. 21 In another study 87% of patients
sampled had at least one micronutrient deficiency. More than
10% of these patients had vitamin A, vitamin B6- vitamin C,
vitamin E, b-carotene, zinc, calcium and magnesium
deficiencies." Furthermore, a study of 70 patients with HIV
infection documented deficiencies of vitamin A (5%), vitaminE
(27%), vitamin C (7%) and selenium (10%).23 In children a
number of micronutrient deficiencies, including retinol and
tocopherol, have been documented early in the course of
infection." The significance of micronutrient deficiencies in HIV
infection is discussed below.

MALNUTRITION AND IMMUNITY

Malnutrition affects immunity adversely and predisposes to
opportunistic infections. Most host defences are breached in
protein-energy malnutrition, particularly cell-mediated
immunity. Inununological changes include decreased total and
helper T-cell counts, reversal of helper/suppressor cell ratio,
cutaneous energy, decreased lymphokine production and
decreased alloreactivity. Similar abnormalities are found in HIV
infection." Deficiencies of many nutrients have been
documented in HIV infection, including those essential for
normal immune function such as copper, zinc, iron, selenium,
magnesium, folic acid, vitamin C, vitamin B6- vitamin B12, 13carotene and vitamin E.2b.27 Therefore, micronutrient deficiencies
may compound immune dysfunction in HIV infection. A study
showed that vitamin A concentration correlated significantly
with natural killer cell counts, and with IgG concentration.
Furthermore, vitamin C and selenium levels correlated with
IgM concentration, but vitamin E concentration did not
correlate with any immune parameter. 23 Of 75 children with
HIV infection, 50% had marginal vitamin A status, and 12%
were vitamin A deficient. A positive correlation between
vitamin A concentration and CD4+ T-lymphocyte count, and a
negative correlation between vitamin A concentration and IgG
concentration were documented. Vitamin A supplementation
increased vitamin A, totallymphocyte, CD4+ lymphocyte and
natural killer cell concentrations significantly.28 A study of 11
adults with HIV infection showed that l3-earotene
supplementation increased the percentage of natural killer cells
and activated lymphocytes. 29 Furthermore, vitamin B6-deficient
patients with HIV infection had significantly decreased
lymphocyte responses to phytohaemagglutinin and pokeweed
mitogen, and reduced natural killer cytotoxity compared with
subjects with adequate vitamin B6 status.'" Growth failure often
precedes the onset of opportunistic infections. 31 Therefore
growth monitoring and appropriate interventions are necessary
to limit nutritional deterioration in HIV infection.
PATHOGENESIS OF GROWTH AND
NUTRITIONAL DISTURBANCES

Several mechanisms are responsible for growth failure and
malnutrition in HIV infection. These include decreased dietary
intake, intestinal malabsorption and increased excretion of
nutrients, abnormal energy utilisation and increased
requirements. Weight loss usually follows one of two general
patterns, either cachexia or malnutrition. In HIV infection
features of both cachexia and malnutrition commonly coexist. 32

Gastro-intestinal dysfunction
The gastro-intestinal tract is a common target for disease in
HIV infection. Diminished oral intake may result from oral,
pharyngeal and oesophageal diseases, neuropsychiatric
disorders, and conditions assodated with anorexia. The results
of adult studies lend support to the view that reduced intake is
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an important cause of growth failure and malnutrition. One
study found that while calorie intake was similar in HIV
infection, AIDS and seronegative controls, patients with AIDS
and secondary infections caused by Pneumocystis carinii,
cytomegalovirus (CMV) and bacterial organisms experienced a
36% reduction in calorie intake. Anorexia caused these patients
to consume 17% fewer calories than their required resting
energy expenditure (REE).'" Another study documented
reduced food intake and Significant weight loss in adults with
asymptomatic HIV infection or AIDS-related complex. 34
Persistent or recurrent diarrhoeal disease and malabsorption
have been implicated in the pathogenesis of growth failure. 33 A
review of 210 children showed that 43% had had diarrhoea
during the course of their disease.'· Pathogens may be
identified in about 50% of infected patients with chronic
diarrhoea. In patients without an identifiable secondary
organism, HIV has been directly implicated. 35.J6 Sugar
malabsorption, steatorrhoea and faecal protein loss were
detected in 26%, 36% and 17% of symptomatic HIV-infected
children, respectively.37 Other studies have documented a
strong association between persistent diarrhoea and lactose
malabsorption. 38 Iron and vitamin Bl2 malabsorption have also
been described. 37.J9 Furthermore, gastric acid hyposecretion
may decrease the absorption of iron and other micronutrients,
and facilitate enteric infection.""·'

Metabolic dysfunction
Increased REE has been documented in adults with HIV
infection,""=> but is not a consistent feature. Decreased REE
was reported in stable patients with AIDS. 13 Another study
showed that while most subjects were hypermetabolic, 32%
were either normometabolic or hypometabolic.<3 The extent to
which increased REE influences weight loss remains
unresolved. While weight trend correlated with calorie intake,
it did not correlate with REE.'" Although REE may be increased
in HIV infection, activity energy expenditure is likely to be
reduced, particularly in the latter stages of HIV infection. This
should compensate for the increased REE, except where
secondary infections cause increased anorexia and catabolism,
aggravating lean tissue loss."
Altered lipid metabolism occurs in HIV infection. In
advanced disease, plasma triglyceride (TG) and free fatty acid
levels, and de novo hepatic lipogenesis are increased, while
plasma cholesterol, high-density lipoprotein cholesterol and
low-density lipoprotein cholesterol are decreased. TG clearance
is slower, and total, hepatic and lipoprotein lipase activities are
significantly depressed. Hypertriglyceridaemia, however, does
not correlate with the degree of wasting.45-47 Some researchers
have argued that elevated lipogenesis causes
hypertriglyceridaemia and retards fat oxidation, facilitating
lean body mass attrition. Increased lipogenesis is therefore
maladaptive, because preservation of lean body mass would be
expected to assume precedence in HIV infection. Metabolic
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costs associated with lipogenesis may contribute to
hypermetabolism.'" Others have proposed that futile cycling
causes increased energy expenditure and growth failure in HIV
infection. The metabolic costs associated with cyclical lipolysis
and lipogenesis, i.e. fatty acids being shuttled from adipose
tissue to the liver and back again, result in hypermetabolism
and weight loss."
Attrition of somatic and visceral proteins are features of HIVassociated malnutrition. I1•15 Studies of protein turnover have
yielded conflicting results. One study documented significantJ-y
decreased whole-body protein synthesis and breakdown, an'd"
reduced fibrinogen synthetic rates in adults with AIDS.·'
Another study suggested that protein turnover is increased.50
More recently, increased protein tum~ver ~th no change.in
protein balance was reported in advanced HIV infection.~~
Pro-inflammatory mediators have been implicated in the
genesis of wasting and growth failure in HIV infection. ~<
Cytokines may induce anorexia, alter lipid metabolism, .:
accelerate protein breakdown and elevate energy expenditure."
Lipid metabolism may be altered by interferon-a:. Interferon-a:
concentration correlates with TG concentration and TG
clearance in patients with asymptomatic HIV infection or
AIDS....;2 Furthermore, antiretroviral therapy is associated with
improved nutritional status and reduced levels of interferon-a:
and TGs in patients with AIDS.53 Other cytokines including
tumour necrosis factor, interleukin~1 and interleukin-6 may be
involved in HIV-related wasting."
Endocrine dysfunction may also cause growth failure. A
study suggested that partial growth hormone (GH) resistance
occurs in HIV infection.'" Short-term administration of
recombinant human GH to HIV-seropositive adults resulted in
progressive weight gain, increased protein anabolism and
increased protein-sparing lipid oxidation. 55 However, a
multicentre trial showed that patients given insulin-like growth
factor I and GH had similar weight and lean body mass
changes compared with control subjects 12 weeks after
commencing therapy. Initial weight gain was due to increased
body water and not to increased lean body mass. 56 Subnormal
thyroid, adrenal and testicular function have been documented
in HIV infection,57"" but whether endocrine abnormalities are
significant in HIV-related growth failure remains unresolved.

NUTRITIONAL MANAGEMENT

Breast-feeding and HIV infection
HIV infection may be transmitted postnatally from breast-milk
to the developing infant. An analysis of five studies showed
that for mothers infected antenatally, the additional risk of
transmission from breast-feeding is 14%.·' Although the
accuracy of this meta-analysis has been questioned, a cohort
study, based on serial polymerase chain reaction testing,
produced a similar estimate."' Furthermore, the risk of breastmilk transmission from mothers who become infected with

~

HIV-l postnatally is 26%.6\ In ideal situations, HIV-seropositive
mothers should be encouraged to bottle-feed.
However, universal breast-feeding is advocated as it is
associated with reduced paediatric morbidity and mortality.
Because of sodo-economic circumstances, many mothers
cannot afford to bottle-feed. Expenditure needed to implement
formula feeding schemes for all infants of HIV-seropositive
mothers is prohibitive. Cost considerations include
subsidisation of formula milk, development of laboratory
services to undertake comprehensive HIV antibody testing,
provision of test kits, education to promote the service and
counselling facilities. Furthermore, domestic expenditure is
appreciable. In 1994 the cost of feeding a 3-month-old infant
with 800 ml formula milk per day ranged from 27%
(Zimbabwe) to 900% (Uganda) of the daily wage of a hospital
cleaner. 63 Breast-feeding policy is therefore unlikely to change
in developing countries in the immediate future.
South Africa currently abides by the 1992 WHO/ill\TICEF
consensus statement on HIV transmission and breast-feeding,
which advocates universal breast-feeding." Interim results of a
study to determine the effect of breast-feeding on vertical
transmission of HIV-l in Soweto recently showed that
significantly more breast-fed than formula-fed infants were
infected in the first 18 months of life (53/114 (46%) v. 4/49
(8%); P = 0.002).63 In the light of these findings, and the
statement formulated at the recent 'Breastfeeding choices for
the HIV-seropositive mother' conference in Durban indicating
that policy for this country should take into consideration
settings where the risk of HIV transmission is greater than the
protective effect of breast-milk, national policy should be
critically reappraised." Although a formula-feeding policy for
infants of HIV-seropositive mothers may unwittingly
discourage healthy mothers from breast-feeding, if
implemented as part of a comprehensive programme to reduce
vertical transmission, it would undoubtedly help reduce the
burden of paediatric HIV infection in South Africa and limit
any negative effect on breast-feeding by seronegative mothers.

Treatment of HIV infection
Antiretrovirals are able to alter the natural history of paediatric
infection. Zidovudine causes appreciable weight gain in
children.67 Current evidence suggests that combination
antiretroviral therapy is superior.'" Prophylactic intravenous
immunoglobulin therapy, particularly in children with
peripheral CD4+ counts of ±200/mm', decreases the frequency
of minor infections and delays the development of serious
bacterial infections, thereby slowing nutritional deterioration."
Vigorous treatment of opportunistic infections prevents
deterioration of nutritional status. Patients with untreated
CMV infection experience progressive decline in nutritional
status, while those treated with ganciclovir gain weight, and
experience repletion of body cell mass and body fat and
increased serum albumin concentrations.'" Furthermore,

wasting illnesses such as CMV and Mycobacterium aviumintraceIlulare infections cause depletion of body cell mass l ;
Although HIV-associated diarrhoea often responds poorly to
conventional therapy, investigation is necessary to identify
those patients with treatable conditions." Many drugs used in
the management of HIV infection are expensive, and beyond
the health budgets of most developing countries, including
South Africa.

Nutritional support
Regular clinical assessment should include a history of feeding
problems, gastro-intestinal symptoms and intercurrent
infections; serial recording of growth parameters; examination
for signs of overt malnutrition; and frequent monitoring of
haemoglobin and other red blood cell indices to detect
anaemia. Children with evidence of growth failure should, in
addition, be screened for gastro-intestinal infections,
malabsorption and micronutrient deficiencies, and have a
detailed dietary assessment. 7172 Acute severe malnutrition
should be managed according to standard clinical practice
(Table II).73

Table H. Treatment principles of acute severe malnutrition

Prevent and treat hypoglycaemia and hypothermia.
Prevent and treat dehydration.
Prevent overhydration.
Correct electrolyte imbalances.
Treat infections.
Correct micronutrient deficiencies.
Introduce feeds slowly.
Allow for catch-up growth during convalescence.
Provide emotional and intellectual stimulation.
Provide adequate follow-up after discharge.

Nutritional recommendations for HIV-infected children are
largely based on theoretical considerations. Age-related macroand micronutrient requirements have not been optirnised.
Recommended daily allowances (RDAs) applicable to normal
children are used as guidelines, but those who fail to thrive
require additional nutrition for catch-up growth.nExtra calories
may be provided by glucose polymer, medium-chain TG or
vegetable oil preparations, or high-energy foodstuffs. 71 A recent
study cautioned against widespread use of dietary fish oil as it
was associated with a trend towards decline in CD4+ cell
numbers.'" Daily vitamin and trace element supplements are
recommended, provided that dosages do not exceed RDAs. n
Dietary modifications such as lactose-free diets for lactose
intolerance, and enteral or parenteral alimentation for patients
who fail to thrive despite adequate oral feeds, should also be
considered. 3S.73 Enteral alimentation in HIV-infected children
causes weight and arm fat area gains, but not height or arm
muscle area changes." Intravenous alimentation may be
considered if enteral alimentation proves ineffective. Adult

11
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AIDS patients gain weight, and increase body fat and body cell
mass in response to parenteral nutrition. 76.17 Studies indicated
that the risk of infection from central venous catheters is not
increased in HIV infection. Practical constraints, however,
prevent widespread use of parenteral nutrition. m•
Dietary supplements, such as medium-chain TGs and
parenteral feeding, are expensive. However, regular dietary
supplementation may be possible in many HIV-infected
children in developing countries. A study from Zimbabwe
indicated that regular use of a commercial substitute which
provided protein, energy and micronutrient supplements
resulted in appreciable weight gain in HIV-infected children."
A study from Cape Town showed that vitamin A
supplementation resulted in significant short-term increases in
totallymphocyte, CD4+ and natural killer cell counts.'"
Furthermore, a study from Durban indicated that regular
vitamin A supplementation resulted in reduced morbidity,
particularly morbidity associated with diarrhoeal disease. In
this study, HIV-infected children received 50 000 ill of vitamin
A at 1 and 3 months, 100 000 ill at 6 and 9 months, and 200 000
ill at 12 and 15 months of age. so Whether these and other
relatively inexpensive measures are able to produce sustained
benefits such as improved quality of life and reduced infectious
complications remains to be corroborated by or established in
further clinical trials.

Pharmaceutical preparations
Therapies to improve nutritional status and prevent wasting
are being evaluated. Megestrol acetate, a synthetic derivative of
progesterone, is able to increase weight by stimulating appetite
and increasing calorie intake. Weight gain is primarily due to
increased body fat. The results of a pilot study of 7 children
with HN infection showed that significant weight gain
occurred in all patients over the first month of therapy and
sustained weight gain occurred in 5 and 3 patients over 3 and 5
months, respectively.'! Although therapy appears to improve
general well-being, it does not prolong survival in adults."
Results of clinical trials in children are awaited with interest.
Other drugs that are being considered include:
(i) dronabinol (delta-9-tetrahydrocannabinol), the psycho-active
substance of marijuana; (ii) pentoyfilline, an inhibitor of
tumour necrosis factor; (iiz) cyproheptidine, an antihistamine
with appetite-stimulant properties; and (iv) glucocorticosteroids. 32.B3

ID

CONCLUSION

The majority of HIV-infected children live in impoverished
circumstances with limited access to health care. Growth failure
and malnutrition often complicate the course of HIV infection
and influence outcome. Therefore, improved nutritional
support may reduce morbidity, particularly during the early
stages of the disease. Nutritional interventions are currently
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based on guidelines applicable to normal children.
Optimisation of RDAs for children with HIV infection may
result in further benefits, particularly in developing countries
where access to antiretrovirals and other drugs is constrained
by socio-economic circumstances.

Dr B S Eley is supported by the Medical Research Council of
South Africa.
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