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Abstract: Poor growth, micronutrient deficiencies and episodes of diarrhea and
respiratory infections occur frequently in HIV-infected children. We investigated whether
multi-micronutrient supplementation would improve the growth performance and reduce
the number of episodes of diarrhea and/or of respiratory symptoms in HIV-infected
children. In a double-blind randomized trial, HIV-infected South African children aged
4-24 months (n = 201) were assigned to receive multi-micronutrient supplements or
placebo daily for six months. The children were assessed for respiratory symptoms or
diarrhea bi-weekly; weights and heights were measured monthly. In total, 121 children
completed the six month follow up study period (60%). A total of 43 children died; 27 of
them had received supplements. This difference in mortality was not statistically
significant (p = 0.12). Weight-for-height Z-scores improved significantly (p < 0.05) among
children given supplements compared with those given placebo (0.40 (0.09-0.71)) versus
—0.04 (—0.39-0.31) (mean (95% CI)). Height-for-age Z-scores did not improve in both
treatment groups. The number of monthly episodes of diarrhea in the placebo group
(0.36 (0.26-0.46)) was higher (p = 0.09) than in the supplement group (0.25 (0.17-0.33))
and the number of monthly episodes of respiratory symptoms was significantly higher
(p <0.05) among children on placebos (1.01 (0.83—1.79)) than those on supplements (0.66
(0.52—0.80)). Multi-micronutrient supplements significantly improved wasting and reduced
the number of episodes of diarrhea and respiratory symptoms.
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1. Introduction

In 2011, there were 330,000 children younger than 15 years worldwide who were newly infected
with HIV and 90% of them were in Sub-Saharan Africa [1]. Children who are infected with HIV are
known to be at high risk for poor nutritional status, infections and poor growth performance [2—4].
Growth failure in HIV-infected children is associated with an increased risk of mortality [5,6].
Episodes of diarrhea and of respiratory symptoms appear to be more common in HIV-infected children
than in uninfected children [4].

Deficiencies of micronutrients, especially of vitamin A and zinc have been associated with diarrhea
and respiratory diseases [7,8]. Micronutrient status also influences growth. Deficiencies of zinc and of
iron have been associated with impaired growth [9,10]. Vitamin A and carotenoid status were
demonstrated to be independent predictors of growth failure in HIV-infected Malawian children [11].
Micronutrient deficiencies seem to be common and more severe in HIV-infected children compared
with uninfected ones [2,12].

Studies on the effect of micronutrient supplementation on growth and morbidity in malnourished
children have not always resulted in undeniably positive outcomes. Vitamin A supplementation has
been shown to be beneficial in reducing the risk of diarrhea, but may be detrimental against respiratory
infections [7,13]. Zinc supplementation may improve growth [9] and reduce the incidence of diarrhea
and respiratory infections in young children [14]. However, another study indicated that zinc
supplementation increases respiratory infections [15], although adding vitamin A seems to reduce the
adverse effects of zinc on respiratory infections [16]. Micronutrient deficiencies are seldom limited to
a single micronutrient, therefore it has been suggested that supplements that contain an array of
micronutrients should be provided [17].

Since HIV-infected children might be severely malnourished, they may profit most from the
beneficial effects of multi-micronutrient administration. Unfortunately, such studies are scarce. The
aim of the present study was to test the hypothesis that daily multi-micronutrient supplementation for
six months would improve the weight-for-height and height-for-age Z-scores by 30% compared to
placebo in HIV-infected young South African children who are not yet on antiretroviral therapy
(ART). It was also hypothesized that the six months supplementation would reduce the number of
episodes of diarrhea or respiratory symptoms by 30% in the same group of children.

2. Methods

The study was conducted from the Doctor George Mukhari hospital in Ga-Rankuwa, near Pretoria,
the capital city of the Republic of South Africa.

HIV-infected children aged 4-24 months who had been previously admitted to the pediatric wards
of the hospital with pneumonia or diarrhea were enrolled into the study, on discharge from the wards
or from the pediatric outpatient department from November 2005 to November 2006.
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Children who were on ART, or had received micronutrient supplementation (in the previous two
months) or children with a chronic illness were not eligible for enrolment. At the time when the study
was conducted, micronutrient supplementation was not standard care in HIV-infected children at the
hospital. There were also concerns about zinc supplementation to HIV-infected children at the time.

The Medunsa Research Ethics and Publications Committee approved the study; the permission of
the hospital authorities was obtained, and the parents or guardians provided signed informed consent.
The children were referred to the ART clinic when necessary as per standard hospital procedure
(immunological and clinical staging was used) and taken off the study when ARV therapy
commenced. At the time of conducting the study, only children with CD4 percentage <15% or those
with clinical stage 3 or 4 were eligible to receive ART.

In a double-blind, placebo controlled study; children were assigned to one of two intervention
groups by computer randomization (1:1). The manufacturer prepared packs of tablets corresponding to
the subject’s number according to the randomization schedule. The investigators, field workers and
participants were blinded to the treatment assignments, which were revealed after completing data
analysis. The children had monthly appointments at the hospital for follow up weight and height
measurements, collection of tablets, and evaluation of side-effects of micronutrients.

At enrolment and at the third and sixth monthly hospital visits, blood samples were taken for serum
zinc, retinol, iron and ferritin and CD4 T-lymphocyte counts.

The tablets were prepared by the pharmaceutical company Adminicle Trading (Edenvale, South
Africa). The multi-micronutrient supplement was a crushable tablet which contained 300 pg retinol,
0.6 mg thiamin, 0.6 mg riboflavin, 8 mg niacin, 0.6 mg pyridoxine, 1 pg cobalamin, 70 pg folic acid,
25 mg ascorbic acid, 5 pg 1,25-dihydrocholecalciferol, 7 mg D,L-tocopherol, 700 pug copper, 8 mg
iron, 30 pg selenium, and 8§ mg zinc at amounts approximately based on recommended dietary
allowances for a one year old child [18]. The placebo and supplement tablets were identical in
appearance and taste. The caregiver crushed the tablet using a pill crusher and mixed it with a small
portion of the breakfast cereal which was fed to the child before the rest of the meal.

2.1. HIV Tests

In children older than 15 months HIV-1 and HIV-2 serostatus was ascertained with ELISA tests [19];
in younger children a PCR was performed additionally. The CD4 T-lymphocyte counts were
measured by means of a Coulter flow cytometer (Coulter Epics XL-MCL, Beckman Coulter,
Johannesburg, South Africa) to stage the HIV infection.

2.2. Anthropometry

The subject’s age was calculated from the date of birth. The weight was measured with the child
wearing only light clothing to the nearest 0.1 kg, using one digital scale, which was calibrated using a
standard weight of 10 kg. The length was measured on a baby board in the recumbent position to
0.1 cm. Z scores for weight-for-age (WAZ), height-for-age (HAZ), and weight-for-height (WHZ) were
calculated based on the World Health Organization standard values by means of the freely available
Epi-Info Version 3.5.4 software.
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2.3. Blood Sampling and Analysis

Blood samples (8 mL) were collected after an overnight fast by venipuncture (site cleaned with
trace element free alcohol) from the cubital fossa or external jugular vein. Samples were collected in
eight separate trace element free tubes, with a removable non-rubber lid protected from light, sent to
the laboratory immediately after collection, and stored at —20 °C after centrifugation, until analysis.
They were evaluated for hemolysis.

Serum zinc samples were measured by atomic absorption spectrometry (Perkin Elmer ICP/5500,
Perkin Elmer Life and Analytical Sciences Inc., Waltham, MA, USA), serum retinol measurements by
the fluorometric method [20], serum iron levels were measured by using rate spectrophotometry
(SYNCHRON CX Systems IRON/TIBC Calibrator Kit, Beckman Instruments, Johannesburg, South
Africa) and serum ferritin levels using commercial enzyme-linked immunoassay kits (Access Ferritin
assay, Access Immunoassay Systems, Beckman Coulter, Johannesburg, South Africa). Quality control
was performed by repeat analysis of standard reference material for low, normal and high values. The
intra-assay and inter-assay coefficients of variation for serum zinc, retinol and ferritin were all less
than 5%.

2.4. Morbidity

The children were visited at home twice a week by a field worker who assessed whether the child
was suffering from diarrhea or symptoms of acute respiratory tract infection, and when the symptoms
resolved. Compliance was evaluated by pill count. The children were referred to hospital when
necessary. Diarrhea was present on any day when the child passed three or more loose stools
in that day [21]. Acute respiratory symptoms were defined as the history of cough and fever.

2.5. Sample Size

A sample size calculation of 72 per group was calculated to be sufficient to detect a 30% difference
in respiratory symptoms between placebo and supplement. The calculations were made considering a
5% level of significance and 80% power and based on information (standard deviation) from a study
conducted on young Peruvian children [22]. In relation to improvement in weight-for-height and
height-for-age Z-scores, the required sample sizes were 64 and 71, respectively. This was also based
on the hypothesis that the supplement would result in a 30% improvement in these anthropometric
indices when compared with placebo, at 5% significance and 80% power. The information was based
on a study comparing the nutritional status of HIV-infected and HIV-uninfected children, which was
conducted at the same hospital [2]. It was thus decided to enrol at least 90 per group to account for a
possible 25% dropout rate; enrolling a total of 200 subjects was thus thought to be adequate.

3. Statistical Analysis

Data entry and analyses were performed on SPSS Statistics for Windows, version 18.0 [23].
Statistical analyses were two-tailed where appropriate and statistical significance was set at 5%. Data

were assessed for normality and normalized by log transformation for serum ferritin.
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The differences in anthropometric indices, and male to female ratios between the children who
completed the study and those who dropped out were assessed by analysis of variance (ANOVA) and
chi-square, respectively.

Anthropometric indices, micronutrient concentrations and immunological parameters were studied by
means of ANOVA for repeated measures with treatment group and gender as between subjects’ factors.
Changes in these measurements over 3 months and 6 months and differences between the two
treatment groups were assessed using ANOVA by treatment group with age as a co-variant. The
number of diarrheal and pneumonia episodes per month in the two treatment groups were compared
using ANOVA by treatment group, age and gender.

4. Results

The number of children who were assessed for eligibility was 837; 636 were excluded and among
these, 524 were not eligible. Out of the 524 who were not eligible, 486 of them were not HIV-infected,
17 were not in the eligible age group and 21 were on ART (see Figure 1). A total of 201 children aged
4-24 months were enrolled; 121 completed the study. Among the 80 children who dropped out (40%),
43 died, 11 received treatment with ART, 13 relocated to another area and another 13 dropped out for
other reasons. Among the children who died, 80% died within the first month of follow up. The
number of children who died and those who relocated was higher in the supplement group. The
difference in mortality between the supplement and placebo group (27 versus 16, respectively) was not
statistically significant (p = 0.12). On the other hand, the number of children who received ART was
higher in the placebo group; this too was not statistically significant (p = 0.13).

The anthropometric indices and CD4 T-lymphocytes (at enrolment) of the study children who
received the supplements and those who were given a placebo are compared in Table 1. The children
who were given the supplements were 1.5 months older than those on placebos. In relation to the
children who did not complete the six months follow up; there were no differences in the ages and the
ratio of males to females compared with those who were followed up for the full six month period. The
children who dropped out were significantly more stunted and underweight and marginally more
wasted than those who completed the study, in both treatment groups. The percentages of CD4
T-lymphocytes of the children who dropped out were lower than those who completed the study; this
however, was not statistically significant. Pill packets were returned at 294 of 372 scheduled visits
(79%) for the placebo group by those who completed the study. Among those in the supplement group
(who completed the study) pills were returned at 286 of 354 scheduled visits (81%); the difference was
not statistically significant. The proportion of children with 2—5 pills was 8% and 9% in the placebo
and supplement groups, respectively. There were no children with more than 5 pills in the pill packet.
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Figure 1. Assessment for eligibility, enrolment and losses to follow-up by treatment group.
Analysis for the number of episodes of respiratory symptoms and of diarrhea was only
conducted among children who were followed up for three or more months. The number of
episodes was then divided by the number of months of follow-up. Analysis for changes in
anthropometric indices, serum micronutrient concentrations and CD4 lymphocyte counts

was only performed in children who had completed the study.
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Table 1. Anthropometric indices and CD4 T-lymphocytes of study children at enrolment.

Indices Placebo Supplement All Study Children
n 97 104 201
Male/Female 43/54 51/53 94/107

Age (months) 12.02 + 6.49 13.45+6.66 12.76 + 6.60
Weight (kg) 7.10 + 1.83 7.20 £1.99 7.15+1.92
Height (cm) 68.87 = 7.86 70.61 +7.43 69.77 £7.67
WAZ -2.12 £ 1.61 —2.42 +1.46 -2.28+1.54
HAZ -1.82+1.79 -1.75+1.66 -1.78 £1.72
WHZ -1.23+1.29 -1.71 £1.31 -1.48+1.32

CD4 percent (n) 24.71 £12.67 (63) 23.89 £ 13.15 (57) 24.32 +12.85 (120)

Values presented as mean + SD.
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The immunological status of the children who completed the six months follow up was poor as
denoted by the CD4 T-lymphocyte percentage (Table 2). At enrolment about 50% of the children in
the placebo and supplement groups had CD4 T-lymphocyte proportions below 25%. The CD4
T-lymphocyte percentage did not improve within both treatment groups and there was no significant
difference between the two groups.

Table 2. Immunological status of children during intervention period *.

Placebo Supplement
Follow Up n CD4 Percentage n CD4 Percentage
Enrolment 63 24.7 (21.6 to 27.9) 57 23.9 (20.5 to 27.3)
3 mo 48 27.1(23.3t0 30.9) 41 23.9 (19.8 t0 27.9)
6 mo 42 28.0 (24.2t0 31.7) 35 25.3 (20.8 t0 29.9)
A3mo 48 —0.83 (—2.68 to 1.02) 41 —2.06 (—4.33 t0 0.01)
A 6 mo 42 —1.44 (—3.71 to 0.83) 35 —0.64 (—3.39t0 2.11)

Values presented as mean (95% CI); * There were no significant differences between the two treatment

groups in both absolute values and changes over 3 and 6 months.

The concentrations of serum zinc, retinol and ferritin over the 6 month period are presented in
Table 3. There were no significant differences in the zinc and retinol concentrations between the two
treatment groups at enrolment. The zinc concentrations improved significantly (by 14%) over the
6 month period within the supplement group, but not significantly within the placebo group.
Nonetheless, there was no significant difference in the absolute change of serum zinc concentrations
between the two treatment groups. The retinol concentrations did not differ significantly through the
6 month period within each treatment group and between the two treatment groups. The log ferritin
increased by 0.1 in the supplement group. On the other hand, among children on placebos the log
ferritin value deteriorated significantly.

The anthropometric indices derived from the weights and heights (WAZ, HAZ and WHZ) of the
children who completed the six month follow up period are shown in Table 4. The weights of the
children increased significantly, by 1.35 kg in the placebo group and by 1.66 kg in the supplement
group. Through the period of follow-up, there was a significant increase in height of 5.95 cm in the
placebo group and 5.98 cm in the supplement group. Neither weight gain nor height increase was
different between the two groups. There were no significant differences at enrolment between the two
treatment groups in WAZ, HAZ and WHZ (Table 4), but the absolute low values of the Z-scores
indicate that a large proportion of the children should be classified as wasted and stunted. WHZ as
indicator for wasting and HAZ as indicator for stunting are graphically presented in Figure 2. Over the
6 month intervention there was a significant improvement in WAZ and WHZ values among the
children in the supplement group but not in the placebo group. This improvement in WAZ and WHZ
was shown to be independent of the children’s ages on ANOVA. The change in HAZ did not differ
between the groups.
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Table 3. Micronutrient status of the children during intervention period.

4086

Supplement Placebo
Follow Up Zinc (umol/L) Retinol (umol/L) Log Ferritin (log[ng/L]) Zinc (umol/L) Retinol (umol/L) Log Ferritin (log[ng/L])
Enrolment 9.6 (8.8 to 10.5) (n =75) 0.81 (0.70 to 0.95) (n = 62) 1.70 (1.58 to 1.81) (n="75) 9.0(8.3t09.7) (n=178) 0.87 (0.75t0 0.99) (n=153)  1.62 (1.52to 1.73) (n="78)
3 mo 9.8 (8.8 t0 10.8) (n =58) 0.78 (0.70 to 0.88) (n=42) 1.54 (1.43 to 1.66) (n =59) 104 (9.7t0 11.2) (n=56)  0.84 (0.73t0 0.96) (n=36) 1.66 (1.57 to 1.75) (n=55)
6 mo 10.4 (9.5to0 11.3) (n=53) 0.72 (0.65 t0 0.79) (n = 34) 1.54 (1.40 to 1.68) (n=52) 10.5 (9.6 to 11.4) (n=51) 0.85(0.70 to 1.0) (n=32) 1.61 (1.51 to 1.71) (n = 49)
A3mo  —0.27 (-1.28 t0 0.80) (n =58) —0.03 (—0.17 t0 0.01) (n =42) —0.11 (-0.21 to —0.01) (n=59) 1.17 (0.16 t0 2.10) (n=56) 0.01 (-0.16 t0 0.15) (n=36) 0.12 (0.03 to 0.21) (n = 55)
A6mo  0.41(—0.67to 1.50) (n=53) —0.05(-0.21t00.11) (n=34) —0.06 (—0.17 t0 0.05) (n=52) 1.26 (0.14 t02.39) (n=51) —0.01 (=0.24 t0 0.22) (n=32) 0.10 (-0.01 to 0.21) (n = 49)
Values presented as mean (95% CI).
Table 4. Anthropometric indices of the children during intervention period.
Placebo Supplement
Follow Up n Age (mo) WAZ HAZ WHZ n Age (mo) WAZ HAZ WHZ
12.0 -2.12 -1.82 -1.23 13.5 -2.42 -1.75 -1.71
Enrolment 97 104
(10.7 to 13.3) (—2.44 to —1.80) (-2.18to—1.46)  (-1.49t0—-0.97) (12.2to 14.7) (—2.70to —2.14)  (—2.07 to —1.43) (—1.96 to —1.46)
1 mo - 13.5 -1.96 -1.69 —-1.11 3 15.0 -2.08 -1.50 —1.48
(12.0 to 15.1) (—2.32to —1.61) (—2.08 to —1.30)  (-1.39t0 —0.83) (13.5to0 16.5) (—243t0—-1.73) (-1.83t0—1.17) (-1.77 to —1.19)
2 mo 7 14.5 -2.03 -1.69 -1.21 20 16.3 -2.01 -1.53 -1.36
(12.9t0 16.1) (—2.41 to —1.65) (-2.09t0-1.29)  (-1.50to —0.92) (14.7 t0 17.8) (—2.38to —1.64) (—-1.88 to —1.18) (-1.66 to —1.07)
3 mo 66 15.6 -1.90 -1.63 —-1.08 66 17.1 -1.96 -1.51 -1.31
(14.2t0 17.0) (—2.30 to —1.50) (-2.04t0-1.22) (-1.37t0—0.79) (15.5t0 18.7) (—2.34t0-1.58) (-1.87to—1.15) (—1.64 to —0.98)
4mo & 16.6 —-1.80 —1.46 -1.10 & 18.1 -1.82 -1.37 -1.24
(14.8 to 18.4) (—2.20 to —1.40) (-1.86t0 —1.06)  (—1.41t0—0.79) (16.4 t0 19.7) (—2.19 to —1.45) (—1.74 to 1.00) (—1.53 t0 —0.95)
5 mo 6 17.6 —1.84 —1.45 -1.17 © 19.0 -1.78 -1.35 -1.20
(15.8t0 19.4) (—2.25t0 —1.43) (-1.88t0—1.02)  (-1.48to—0.86) (17.3 t0 20.6) (-2.15t0-1.41)  (-1.73t0—0.97) (—1.50 to —0.90)
6 mo 6 18.5 —-1.85 -1.26 -1.27 59 20.0 —-1.58 —-1.14 —-1.08
(16.7 t0 20.3) (—2.27t0 —1.43) (-1.67t0—0.85)  (-1.56 to —0.98) (18.3t021.7) (-1.97 to -1.19) (-1.55t0—0.73) (—1.40 to —0.76)
—-0.11 -0.20 0.08 0.08 —-0.16 0.22
A3 mo 66 3.5 s 66 32 4 5
(—0.28 t0 0.06) (—0.34 to —0.06) (-0.15t0 0.31) (—0.12 t0 0.28) (—0.36 t0 0.04) (0.01 to0 0.44)
—-0.19 —-0.03 —-0.04 0.39 0.09 0.40
A 6 mo 62 5.6 59 5.8 $# o4
(—0.46 to 0.08) (—0.25t0 0.19) (-0.39t0 0.31) (0.12 t0 0.66) > (—0.15 t0 0.33) (0.09 t0 0.71) >

Values presented as mean (95% CI) * Significantly different from placebo group (p < 0.05); * Significantly different from zero (p < 0.05).
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Figure 2. Change in anthropometrics Z-scores over the six month follow-up period among
children who completed the study.
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The episodes of respiratory symptoms and of diarrhea were analyzed for children who had been
followed up for 3 or more months. The number of episodes was then divided by the number of months
of follow-up; these are presented in Table 5. The ages of these children were similar in the two
treatment groups. The children who received the supplements had fewer episodes of diarrhea per
month (0.25 (0.17-0.33)) (mean 95% CI) compared to those who were given placebos
(0.36 (0.26-0.46)) (p = 0.09) and substantially lower number of episodes of respiratory symptoms:
0.66 (0.52—-0.80) versus 1.01 (0.83-1.19) (p < 0.05); the latter difference was independent of the
children’s ages on ANOVA.

Table 5. Diarrhea and respiratory symptom episodes per month of follow up.

. Number of Episodes of
Treatment Age at Enrolment  Number of Diarrheal Respiratory S ¢
n espirator mptoms
Group (months) Episodes per Month P per h)/;ozthp
Placebo 53 12.0 (10.3-13.7) 0.36 (0.26-0.46) 1.01 (0.83-1.19)
Supplement 52 13.7 (12.1-15.3) 0.25(0.17-0.33) * 0.66 (0.52-0.80) *

Values presented as mean (95% CI) * Marginally significantly different from placebo group (»p = 0.09);
# Significantly different from placebo group (p < 0.05).

5. Discussion

The objective of the study was to assess the impact of six month multi-micronutrient
supplementation on growth performance and number of episodes of diarrhea and respiratory symptoms
of HIV-infected children.

There was a high proportion of study children who did not complete the six month follow up period
(40%); this can be considered as a limitation in this study. Among these children who did not complete
the follow up period, the mortality was high, at 54% (21% of all enrolled children). The number of
children who died was higher in the group that received the supplements (not statistically significant),
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and 80% of these children died within the first month of follow up in both treatment groups. However,
the fact that most of the deaths occurred within the first month does not exclude the possibility that the
micronutrients might have had a role in this. It is should also be noted that the children who received
the supplements were also more wasted than those who were on the placebo; this finding was also not
statistically significant. A pooled analysis of studies conducted in West, East and South Africa
estimated that by two years of age, 53% of HIV-infected children would have died [24]. A survey that
reviewed the mortality in a number of South African hospitals noted that approximately 48% of the
deaths of children admitted to these hospitals were related to HIV infection [25]. Only 11 (14% of the
total number of dropouts) children were commenced on ART in the current study. The ART program
was only rolled out in South Africa in 2004. The relatively low proportion of children who received ART
in the study may be related to the fact that the rollout of the ART program was still at an early stage.

Children who dropped out were significantly more stunted and more wasted at enrolment than those
who completed the study in both groups but the difference in wasting approached significance only
among children who received the supplement. This chance finding occurred in spite of careful
randomization procedures. Poor growth has been linked with increased mortality in HIV-infected
children. This is supported by a study that indicated that wasting and stunting in HIV-infected children
are associated with increased mortality [5]. The immunological status (as measured by the percentage
of CD4 T-lymphocytes) of the children who dropped out in the current study was significantly worse
than that of those who completed the study. This finding is in line with a meta-analysis of 10 studies
that suggested that CD4 measurements are the most important indicator of mortality in HIV-infected
children not receiving ART [26].

Supplementation with micronutrients over a period of six months did not have an effect on the
immunological status as measured by the CD4 T-lymphocytes in the current study. This is in keeping
with a study in which zinc supplementation in HIV-infected young South African children had no
effect on the percentage of CD4 lymphocytes when compared with a placebo [27]. In pregnant
HIV-infected Tanzanian women, however, multivitamin supplementation significantly improved the
women’s CD4 counts, compared with women who received a placebo [28].

The concentrations of serum zinc improved significantly over the study period among children who
received the multi-micronutrient supplement. However, the absolute change in serum zinc and retinol
concentrations was not significantly different between the two treatment groups. On the other hand
was a significant difference in the change in log ferritin (it was higher in the supplement group).
Unfortunately, blood samples for acute phase reactants (e.g., C-reactive protein) were not taken; this
might have hampered the assessment of the difference in micronutrient concentrations.

In the current study, the improvement in WAZ and WHZ over the six month period was
significantly greater among children who were given the supplements. However, the supplements had
no effect on stunting. It is important to note that the children who received the supplements were
1.5 months older than those who were on the placebo. Nonetheless, the improvement in WAZ and
WHZ was independent of age. In Peru (an area with low HIV prevalence), no improvement was noted
in WAZ and HAZ in children who were given multi-micronutrients [22]. Supplementation with
multiple micronutrients combined with vitamin A in stunted South African children (624 months of
age) significantly improved height, compared with vitamin A alone or vitamin A plus zinc [29]. It has
been suggested that micronutrient supplements are more effective in children who have poor
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anthropometric indices. The children in the current study were more wasted and stunted than the
children in the above noted studies. The multi-micronutrients were given for six months in both the
current and the Peruvian studies. However, in the study with stunted South African children, the
supplements were given for 18 months. It is thus conceivable that the six month period of
supplementation in the current study might have been too short.

In the current study, children who received the micronutrient supplement had significantly fewer
episodes of respiratory symptoms and fewer episodes of diarrhea than those who were on the placebo;
the difference in diarrheal episodes did not reach statistical significance. In young South African children
(624 months of age) who were born to HIV-infected mothers, receipt of a multi-micronutrient
supplement (that included vitamin A) did not reduce the prevalence of diarrhea or respiratory
symptoms when compared with children who were given vitamin A only irrespective of HIV
status [30]. However, multi-micronutrient supplementation reduced the incidence of diarrhea in rural
South African children compared with those who received vitamin A only; the reduction was only
noted in stunted HIV-uninfected children [31]. Similarly, zinc supplements significantly reduced
episodes of diarrhea in HIV-infected South African children; episodes of pneumonia, however, were
marginally reduced [26]. A meta-analysis of 17 studies (from areas with low HIV prevalence) concluded
that zinc supplementation significantly reduced the risk of diarrhea and respiratory illnesses [32].

6. Conclusions

The improvement in growth performance (in weight but not height) and reduction in morbidity that
was observed in this study suggests that micronutrient supplements are useful as adjunct therapy in
HIV-infected children. While there was no effect on CD4 lymphocytes, there were no deleterious
effects. At the time of conducting the study, ART was not widely available at the local hospital, but
has since become available to an increasing number of children in sub-Saharan African countries.
However, because ART is given to children with advanced HIV disease, micronutrient supplementation
may be useful in those children who are as yet not eligible for ART. The effect of micronutrient
supplementation in children who are on ART should also be investigated.

Acknowledgements

We appreciate the collaboration of all the parents and their children who were involved in this
study, and the work of our dedicated field staff under the supervision of Tiisetso Tau. The assistance of
the MSc students, Suzan Klein-Gebbink, Stien Gijsel, Karina Roozen and Eveline Kole with the data
collection is highly appreciated. The help we obtained from Barbara Sedumedi of the National Health
Laboratory System in relation to the laboratory results is gratefully acknowledged.

Conflicts of Interest

The authors declare no conflict of interest.



Nutrients 2013, 5 4090

References

10.

11.

12.

13.

14.

UNAIDS. The Global AIDS Epidemic 2012. UNAIDS: Geneva, Switzerland, 2012.

Mda, S.; van Raaij, J.M.; MacIntyre, U.E.; de Villiers, F.P.; Kok, F.J. Duration of hospitalization
and appetite of HIV-infected South African children. Matern. Child Nutr. 2011, 7, 175-187.
Fausto, M.A.; Carneiro, M.; Antunes, C.M.; Colosimo, E.A.; Pinto, J.A. Longitudinal growth of
infants born to HIV-1-infected mothers in Belo Horizonte, Brazil. Public Health Nutr. 2009, 12,
783-788.

Taha, T.E.; Graham, S.M.; Kumwenda, N.I.; Broadhead, R.L.; Hoover, D.R.; Markakis, D.;
van Der Hoeven, L.; Liomba, G.N.; Chiphangwi, J.D.; Miotti, P.G. Morbidity among human
immunodeficiency virus-1-infected and -uninfected African children. Pediatrics 2000, 106, e77.
Bobat, R.; Coovadia, H.; Moodley, D.; Coutsoudis, A.; Gouws, E. Growth in early childhood in a
cohort of children born to HIV-infected women from Durban, South Africa. Ann. Trop. Paediatr.
2001, 217, 203-210.

Villamor, E.; Misegades, L.; Fataki, M.R.; Mbise, R.L.; Fawzi, W.W. Child mortality in relation
to HIV infection, nutritional status, and socio-economic background. /nt. J. Epidemiol. 2005, 34,
61-68.

Mayo-Wilson, E.; Imdad, A.; Herzer, K.; Yakoob, M.Y.; Bhutta, Z.A. Vitamin A supplements for
preventing mortality, illness, and blindness in children aged under 5: Systematic review and
meta-analysis. BMJ 2011, 343, d5094.

Fischer, W.C.L.; Ezzati, M.; Black, R.E. Global and regional child mortality and burden of
disease attributable to zinc deficiency. Eur. J. Clin. Nutr. 2009, 63, 591-597.

Ramakrishnan, U.; Nguyen, P.; Martorell, R. Effects of micronutrients on growth of children
under 5 year of age: Meta-analyses of single and multiple nutrient interventions. Am. J. Clin.
Nutr. 2009, 89, 191-203.

Lawless, J.W.; Latham, M.C.; Stephenson, L.S.; Kinoti, S.N.; Pertet, A.M. Iron supplementation
improves appetite and growth in anemic Kenyan primary school children. J. Nutr. 1994, 124,
645-654.

Dancheck, B.; Nussenblatt, V.; Kumwenda, N.; Lema, V.; Neville, M.C.; Broadhead, R.;
Taha, T.E.; Ricks, M.O.; Semba, R.D. Status of carotenoids, vitamin A, and vitamin E in the
mother-infant dyad and anthropometric status of infants in Malawi. J. Health Popul. Nutr. 2005,
23, 343-350.

Shet, A.; Arumugam, K.; Rajagopalan, N.; Dinakar, C.; Krishnamurthy, S.; Mehta, S.; Shet, A.S.
The prevalence and etiology of anemia among HIV-infected children in India. Eur. J. Pediatr.
2012, 171, 531-540.

Shah, D. Does vitamin A supplementation help in preventing pneumonia? Indian Pediatr. 2009,
46, 403-404.

Yakoob, M.Y.; Theodoratou, E.; Jabeen, A.; Imdad, A.; Eisele, T.P.; Ferguson, J.; Jhass, A.;
Rudan, I.; Campbell, H.; Black, R.E.; et al. Preventive zinc supplementation in developing
countries: Impact on mortality and morbidity due to diarrhea, pneumonia and malaria. BMC
Public Health 2011, 11, S23.



Nutrients 2013, 5 4091

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

Chang, A.B.; Torzillo, P.J.; Boyce, N.C.; White, A.V.; Stewart, P.M.; Wheaton, G.R;
Purdie, D.M.; Wakerman, J.; Valery, P.C. Zinc and vitamin A supplementation in indigenous
Australian children hospitalized with lower respiratory tract infection: A randomized controlled
trial. Med. J. Aust. 2006, 184, 107-112.

Rahman, M.M.; Vermund, S.H.; Wahed, M.A.; Fuchs, G.J.; Baqui, A.H.; Alvarez, J.O.
Simultaneous zinc and vitamin A supplementation in Bangladeshi children: Randomized double
blind controlled trial. Br. Med. J. 2001, 323, 314-318.

Allen, L.H.; Peerson, J.M.; Olney, D.K. Provision of multiple rather than two or fewer
micronutrients more effectively improves growth and other outcomes in micronutrient-deficient
children and adults. J. Nutr. 2009, 139, 1022—-1030.

Food and Nutrition Board, Institute of Medicine. Dietary Reference Intakes: Recommended Intakes
for Individuals, Vitamins and Elements. National Academy Press: Washington, DC, USA, 2000.
Van der Weert, E.M.; Hartgers, N.M.; Schaaf, H.S.; Eley, B.S.; Pitcher, R.D.; Wieselthaler, N.A;
Laubscher, R.; Donald, P.R.; Schoeman, J.F. Comparison of diagnostic criteria of tuberculous
meningitis in human immunodeficiency virus-infected and uninfected children. Pediatr. Infect.
Dis. J. 2006, 25, 65-69.

Driskell, W.J.; Hewett, J.S.; Bashor, M.M. Evaluation of a direct fluorometric method for
determination of serum retinol. Clin. Chem. 1986, 32, 867-869.

Agustina, R.; Kok, F.J.; van de Rest, O.; Fahmida, U.; Firmansyah, A.; Lukito, W.; Feskens, E.J.;
van den Heuvel, E.G.; Albers, R.; Bovee-Oudenhoven, I.M. Randomized trial of probiotics and
calcium on diarrhea and respiratory tract infections in Indonesian children. Pediatrics 2012, 129,
el155-el164.

Penny, M.E.; Marin, R.M.; Duran, A.; Peerson, J.M.; Lanata, C.F.; Lonnerdal, B.; Black, R.E.;
Brown, K.H. Randomized controlled trial of the effect of daily supplementation with zinc or
multiple micronutrients on the morbidity, growth, and micronutrient status of young Peruvian
children. Am. J. Clin. Nutr. 2004, 79, 457-465.

PASW Statistics for Windows, version18.0; SPSS Inc.: Chicago, IL, USA, 2009.

Newell, M.L.; Coovadia, H.; Cortina-Borja, M.; Rollins, N.; Gaillard, P.; Dabis, F. Ghent
International AIDS Society (IAS) Working Group on HIV Infection in Women and Children.
Mortality of infected and uninfected infants born to HIV-infected mothers in Africa: A pooled
analysis. Lancet 2004, 364, 1236—1243.

Patrick, M.E.; Stephen, C.R. Child PIP: Making mortality meaningful by using a structured
mortality review process to improve the quality of care that children receive in the South African
health system. S. Afr. J. Child Health 2008, 2, 38—42.

Cross Continents Collaboration for Kids (3Cs4kids) Analysis and Writing Committee.
Markers for predicting mortality in untreated HIV-infected children in resource-limited settings:
A meta-analysis. AIDS 2008, 22, 97-105.

Bobat, R.; Coovadia, H.; Stephen, C.; Naidoo, K.L.; McKerrow, N.; Black, R.E.; Moss, W.J.
Safety and efficacy of zinc supplementation for children with HIV-1 infection in South Africa: A
randomised double-blind placebo-controlled trial. Lancet 2005, 366, 1862—1867.



Nutrients 2013, 5 4092

28.

29.

30.

31.

32.

Fawzi, W.W.; Msamanga, G.I.; Spiegelman, D.; Wei, R.; Kapiga, S.; Villamor, E.; Mwakagile, D.;
Mugusi, F.; Hertzmark, E.; Essex, M.; ef al. A randomized trial of multivitamin supplements and
HIV disease progression and mortality. N. Engl. J. Med. 2004, 351, 23-32.

Chhagan, M.K.; van den Broeck, J.; Luabeya, K.K.; Mpontshane, N.; Tomkins, A.; Bennish, M.L.
Effect on longitudinal growth and anemia of zinc or multiple micronutrients added to vitamin A:
A randomized controlled trial in children aged 6-24 months. BMC Public Health 2010, 10, 145.
Luabeya, K.K.; Mpontshane, N.; Mackay, M.; Ward, H.; Elson, I.; Chhagan, M.; Tomkins, A.;
van den Broeck, J.; Bennish, M.L. Zinc or multiple micronutrient supplementation to reduce
diarrhea and respiratory disease in South African children: A randomized controlled trial.
PL0oS One 2007, 2, e541.

Chhagan, M.K.; van den Broeck, J.; Luabeya, K.K.; Mpontshane, N.; Tucker, K.L.; Bennish, M.L.
Effect of micronutrient supplementation on diarrhoeal disease among stunted children in rural
South Africa. Eur. J. Clin. Nutr. 2009, 63, 850-857.

Aggarwal, R.; Sentz, J.; Miller, M.A. Role of zinc administration in prevention of childhood
diarrhea and respiratory illnesses: A meta-analysis. Pediatrics 2007, 119, 1120-1130.

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



