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Abstract

HIV infected pregnant women have been shown to be at risk for vitamin A
deficiency. Poor vitamin A status has been shown to be a risk factor for
transmission of HIV virus from mother to infant. It is however, difficult to
assess the vitamin A status in such women by conventional methods such
as serum retinol because of the effect of the acute phase response on serum
retinol and because of the haemodilution that occurs during pregnancy. This
study therefore sets out to determine more accurately the vitamin A stores
of HIV infected pregnant women by means of the stable isotope dilution
method. In addition the stable isotope dilution method will be used to
validate the usefulness of breast-milk retinol status as an indicator of vitamin
A status and its correlation with the infant's vitamin A status.

1. SCIENTIFIC BACKGROUND

1.1. Vitamin A status of women and children

Vitamin A (VA) deficiency has emerged as a major cause of childhood mortality and
morbidity in the developing world [1,2]. VA deficiency may also affect adults and may
directly or indirectly influence child health by its effect on maternal health and on breast-
milk vitamin A levels in breast fed babies.

VA supplementation in children has been reported to have a positive effect on
mortality reduction [3]. Supplementation has generally been achieved by programmes aimed
at infants. However, it may be prudent to consider improving the vitamin A status of
mothers by supplementation as a means of protecting the vitamin A status of breast feeding
infants. If successful, the vitamin A status of infants will be protected during a period when
infections have their highest toll.

Serum retinol (SR) levels among pregnant women in the developing world are
reported to be lower than those among their counterparts in the developed world [4]. In
addition, SR levels decrease during pregnancy [5], but increase to non-pregnant levels during
the post partum period (within 24-48 hours) [6]. It needs to be noted that serum retinol
levels during pregnancy may be misleading due to the haemodilution that accompanies the
later stages of pregnancy. However, it may also suggest that ingested vitamin A is used
less efficiently in pregnancy, or, that the requirement is higher than previously thought.
Previous studies report a decreased mean intake of VA [7] and mean levels of SR in the
deficient (<20 ug/dL) or marginal range (20-30 ug/dL) among lactating women in the
developing world [8,9). Thus, the picture of VA status among pregnant women in the
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developing world seems to be one of deficiency. The situation among pregnant women
locally is unclear.

Newborns have lower SR and carotene levels than their mothers, possibly due to
limited transplacental transfer [10,11]. Liver stores are low in the early months of life.
Preterm babies have lower SR and liver stores of VA than term babies [10].

The serum retinol level is under homeostatic control over a broad range of body
stores, and reflects body stores only when these are very low or very high. Thus, it is not
a reliable indicator of VA deficiency in individuals. A further disadvantage for assessing
individuals is that SR levels are decreased by acute and chronic underlying infections.

Breast-milk VA (BMA) concentration is a unique indicator of VA status in both the
mother and the breast fed infant. The level of vitamin A in breast-milk is associated with
its fat content, post natal age and gestational age at birth. Although, expressing BMA
content relative to the fat content improves the accuracy, the sensitivity and specificity are
not high enough to identify VA deficiency in individuals.

Isotope dilution (ID) is a relatively new technique that has promise as the most
sensitive, specific and reliable test outside of liver biopsy, for assessing the VA status of
individuals [12]. The principle of this technique is the following; an oral dose of deuterated
retinyl acetate is administered and is allowed to mix with the body vitamin A stores. The
ratio of labelled to unlabelled serum retinol is used to calculate the pool size by tracer
dilution principles. This method of assessment of VA status has not previously been used
among pregnant women and their babies in developing countries. The VA status of
pregnant women in South Africa needs to be studied using this more sensitive and specific
test.

1.2. Vitamin A status of women and children

Transmission of HIV from mother to infant occurs in 10-52% of pregnancies. The
higher rates of transmission have generally come from studies in developing countries, and
particularly from Africa. Many factors contribute to the risk of transmission, including viral
load, maternal immunological and clinical status and whether the baby is breastfed or not.

VA may also have an important role to play in the transmission of HIV from mother
to infant. HIV infection is accompanied by multiple nutritional deficiencies [13], including
VA [14]. In an unpublished study from an underprivileged population in South Africa, HIV
infected women had significantly lower VA levels at delivery when compared to uninfected
controls [unpublished observations, Coutsoudis, A]. Sembaef al has shown that maternal
VA deficiency may contribute to mother to infant transmission of HIV [15]. In this study
those women with the lowest levels of VA had the highest rates of MTI transmission of HIV.
VA deficiency has also been implicated as a risk factor for progression to AIDS in adults,
and increased mortality in adults, during infancy and in the perinatal period. Therefore, VA
deficiency among women and infants in developing countries may be an important risk
factor for the increased rate of transmission and the more rapid progress to clinical disease
among children in developing countries as opposed to Europe and the United States.

Supplementation of VA has been shown to increase serum VA levels in lactating
women of low socio-economic status [16] and to increase concentration in breast-milk. It
may also increase levels in pregnant women, and thereby diminish the risk of transmission.

MTI transmission of HIV may occur during pregnancy, near or at the time of delivery
or during breastfeeding. Current evidence suggests that the majority of transmission occurs
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close to or at the time of delivery. Possible sites for transmission during delivery include the
placenta and the genital tract (including the vaginal mucosa).

VA supplementation has been shown to improve and maintain epithelial integrity.
VA deficiency causes keratinization of epithelia uch as the respiratory epithelium and the
cornea.
Keratinization of the vaginal epithelium cells will be examined by means of
immunocytochemistry.

We postulate that the biological effects of VA that diminish the risk for transmission
of HIV include stimulation of the immune system and improved mucosal integrity,
particularly, the vaginal mucosa. The mechanisms by which VA may have an effect in
reducing mother to infant transmission of HIV needs to be elucidated.

1.3. Policy implications of study

The results of this study have wide public health implications. The confirmation by
sensitive techniques of VA deficiency in HIV infected pregnant women has implications for
their further management. VA supplementation in this group may reduce morbidity and
short term mortality. If supplementation of pregnant women is associated with improved
VA status in babies, and if it is found to efficiently protect the VA status of breast fed
infants, it will have profound public health implications in reducing infant mortality and
morbidity. In addition, the optimal tests for population surveys of VA status may be
identified. This will allow more accurate identification of target populations for VA
supplementation and to assess the efficacy of such interventions.

2. PURPOSE

To assess the vitamin A stores of HIV infected pregnant women and relate this to
serum and breast-milk retinol and to the structure of the vaginal epithelium.

3. OBJECTIVES

a. To assess the liver stores of vitamin A, in HIV infected women in the third trimester
of pregnancy, by stable isotope dilution methods.

b. To assess the vitamin A status of these women by serum retinol concentration.

c. To determine acute phase protein concentration in these women.

d. To determine the correlations between serum retinol concentration; acute phase
protein concentrations and liver stores of vitamin A.

e. To assess immune status and examine the structural and functional integrity of
vaginal epithelium in these women.

f. To determine the correlations between serum retinol concentration; liver stores of
vitamin A; immune status and vaginal epithelium structural and functional integrity.

g. To determine breast-milk retinol concentrations at 1 month post-delivery,

h. To determine serum retinol concentrations at 1 month post-delivery.
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i. To assess liver stores at 1 month post-delivery by stable isotope dilution method,

j . To correlate serum retinol with breast-milk retinol and liver stores.

k. To determine serum retinol in the infant at 1 month post-delivery and correlate with
maternal vitamin A status.

m. To determine hepatic stores of vitamin A in the infant at 3 and 6 months after their
mothers have received either a placebo or 200 000 IU of vitamin A (at delivery) in
order to determine how long maternal vitamin A supplementation will protect infant
vitamin A stores.

4. STUDY DESIGN AND METHODS

4.1 . Study population

Pregnant HIV infected women during the third trimester of pregnancy will be
recruited at the antenatal clinic of King Edward Hospital, Durban, South Africa. These
women will be part of a larger trial designed to test the effect of vitamin A supplementation
in reducing mother to infant transmission of HIV. They will be randomly allocated to receive
either vitamin A or placebo. Vitamin A treatment will involve a daily oral dose of vitamin
A (5000 IU retinyl palmitate and 20 mg b-carotene) from ± 28 weeks gestation until
delivery. At delivery they will receive 200 000 IU of vitamin A or placebo.

4.2. Sample Size

A pilot study will be conducted involving 60 women, approximately 30 who will be
vitamin A supplemented as part of the main trial and 30 who will be on placebo.

4.3. Baseline measurements before supplementation

At ± 24 weeks gestation, women will have vaginal scrapings collected and will
receive a 3 mg dose of tetra-deuterated retinyl acetate (d4-R). Blood samples will then be
drawn at 3 intervals within 21 days of receiving the d4-R dose in order to estimate the ratio
of d4-R to retinol to assess liver stores. During this period serum retinol concentrations will
be determined by High Pressure Liquid Chromatography. In addition acute phase protein
levels will be determined and immune status will be assessed. The vitamin A
supplementation will commence 21 days after the d4-R dose is given.

4.3.1. Structural & functional integrity of vaginal mucosa

A commercially available endocervical brush shall be used to obtain scrapings from
the lateral vaginal walls. Cells obtained shall be suspended in 4% gluteraldehyde with 1 %
formaldehyde for electron microscopy. This specimen shall be centrifuged and the pellet
embedded in resin. Ultrathin slices shall be examined by electron microscopy. Further
scrapings from the vagina shall be smeared onto slides for light microscopy and
immunocytochemistry using monoclonal antibodies to keratin 14 and 19 as primary
antibodies.

Vaginal secretions shall be obtained by aspiration of the posterior fornix of the vagina
with a polypropylene pipette. If less than 2 ml of secretions are obtained, 5 ml of saline
shall be instilled prior to aspiration. The saline shall contain a fixed concentration of LiCI
(100 mEq/l). After aspiration, the mixture shall be homogenized and a subsample (0,5 mis)
shall be used to determine the concentration of Li. From this determination, the volume of
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secretion aspirated can be determined. Viral load of HIV in the vaginal secretions will be
determined and will be related to viral load of HIV in the blood as a measure of functional
integrity of the vaginal epithelium.

4.3.2. /so tope dilution method

The plasma isotopic ratios of d4-R/retinol will be estimated by GC-mass spec
according to the method of Handelman et al. [17].

4.4. Post-intervention measurements

One week post-delivery the women will receive either 3 mg of d-8 retinyl acetate
(vitamin A treatment group) or 1.5 mg of d-8 retinyl acetate. 21 days later bloods will be
drawn for determination of plasma retinol, and ratios of d8-R/retinol to estimate liver stores
as in the method described above. Breast-milk will be collected for determination of breast-
milk retinol concentrations. The infant's vitamin A status will be assessed by serum retinol
concentration and correlated with maternal plasma retinol and liver stores.

4.4.1. Breast-milk retinol concentrations

The retinol in breast-milk shall be analyzed in a similar fashion to serum retinol. In
addition, the fat content shall be determined by a simple "creamatocrit" method (181; the
"creamatocrit" is measured and the amount of fat determined by reference to a standard
curve of fat concentrations established by a chemical method.

4.4. Estimation of liver stores in infant at 3 and 6 months of age

At 3 and 6 months of age the liver stores will be estimated by the isotope dilution
method discussed in order to determine the effect of maternal supplementation (200 000
IU at delivery) on hepatic stores of vitamin A in the infant. At 3 months the d-4 retinyl
acetate will be used and at 6 months the d-8 retinyl acetate will be used. The results will
be compared with those in infants whose mothers were not supplemented.

5. ETHICS

Approval for the study has been obtained from the Ethics Committee, Faculty of
Medicine, University of Natal.
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