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Abstract

Objectives—To evaluate the effect of early versus deferred antiretroviral therapy (ART) on
neurodevelopment of infants from Cape Town participating in the CHER (Children with HIV
Early Antiretroviral Therapy) trial.
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Design—HIV-infected infants were randomised to early (<3 months) or deferred ART. HIV-
uninfected infants (HIV-exposed and HIV-unexposed) provide background data.

Methods—Neurological examination and Griffiths Mental Development Scales (GMDS) were
administered between 10-16 months of age, by testers blind to HIV status and randomised
allocation. Mean quotients were compared using paired t-tests.

Results—64 infants on early ART and 26 on deferred ART (of potential 77 and 38 respectively
on CHER trial) were assessed at median age 11 months (range 10-16). On the GMDS, all scores
were lower in the deferred arm and the General Griffiths and Locomotor Scores were significantly
lower: mean (standard deviation): 100.1 (13.8) vs 106.3 (10.6) p=0.02; and 88.9 (16.3) vs 97.7
(12.5), p<0.01, respectively. Children with HIV who received early ART performed as well as
children without HIV except on the locomotor subscale. Both infected and uninfected mean
GMDS scores were within the average range.

Conclusions—Infants initiated on early ART have significantly better Locomotor and General
Scores on the GMDS at median age 11 months compared to infants on deferred ART, despite
careful monitoring and ready access to ART in the latter.

Keywords
HIV; Early Antiretroviral Therapy; Neurodevelopment; Infants

Introduction

The prevalence of neurodevelopmental delay and/or HIV encephalopathy in HIV-infected
children from predominantly well-resourced countries has been reported to be between 13%
and 23%[1]. Studies from resource-limited settings, where antiretroviral therapy (ART) is
generally started later, have also reported neurodevelopmental delay[2-5]. However, few
studies have prospectively evaluated the impact of early ART on the neurodevelopmental
outcomes of HIV-infected infants, and there have been no randomised trials evaluating this
outcome. Previous studies have frequently included infants exposed perinatally to other risk
factors for poor neurodevelopmental outcome such as illicit drugs[6-8].

To determine the effect of early vs deferred ART on early neurodevelopmental outcomes,
we compared the neurodevelopmental profile on the Griffiths Mental Development Scales
(GMDS)[9] of HIV-infected infants who started ART before 12 weeks of age with those for
whom ART was deferred until they met immunological or clinical criteria. This was a sub-
study of the CHER trial as previously described, among children enrolled from the Cape
Town clinical site[10].

Methods

This cross-sectional sub-study compared neurodevelopmental outcomes among participants
in CHER randomised to early versus deferred ART, and among HIV-uninfected infants
(HIV-exposed and HIV-unexposed) participating in a linked vaccine study[11]. Children
were eligible for inclusion if they had no dysmorphic syndromes or underlying non-HIV-
related central nervous system (CNS) abnormalities. The uninfected children were recruited
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from a concurrent study of pneumococcal conjugate vaccine to provide additional data on
the GMDS for South African infants from low socio-economic backgrounds.

In CHER, HIV-infected infants were randomly assigned to 3 arms: ART deferred until
clinical or immunological progression; early ART commenced before 3 months and limited
to 40 or 90 weeks. In this sub-study, data from the 2 early ART arms have been combined.
First line ART included 3 drugs: Zidovudine, Lamivudine and Lopinavir/Ritonavir. Second
line ART was: Didanosine, Abacavir and Nevirapine.

Baseline viral load, CD4 count, time on ART and hospitalisation were obtained from the
study database. Birth history and maternal education were obtained from the charts and
caregiver interviews. Hospital admissions prior to neurodevelopmental assessments were
calculated as days in hospital including the days of admission and discharge. Head growth
was plotted on CDC(USA) charts.

A neurological examination and the GMDS were performed at the study visit closest to
10-12 months of age by one of four pediatricians blinded to HIV status and randomised
allocation. The GMDS 0-2 years was revised and re-standardised on 665 British children in
1996[9]. The mean(SD) quotients for general quotient and sub-scales were 100.5(11.8) and
100(16) respectively. Significant impairment is regarded as more than 2 SDs below the
mean. Quotients on the sub-scales and the general quotient were obtained from raw scores
using data from normal British children. There are 5 sub-scales: Locomotor measures the
earliest motor milestones; Personal-Social assesses early adaptive behaviour using
interaction with the environment and skill in dressing and feeding; Hearing and language
measures early expressive language and the ability to follow commands and identify objects;
Eye & Hand Coordination measures fine motor and visual abilities; Performance measures
fine motor manipulative skill and visual spatial orientation. Standardised instructions,
questions and comments were prepared in English, Afrikaans and Xhosa in accordance with
the GMDS manual. A single translator assisted with all Xhosa-speaking children.

Statistical analysis was performed with Statistica 10 (Statsoft, Tulsa, USA). Comparisons
between groups were performed using either the paired Student's t-test or the Mann-Whitney
U test for continuous variables and the Chi-square and Fishers test for discrete variables or
using one-way analysis of variance (ANOVA) using the Kruskal-Wallis test. Mean days in
hospital was compared using a generalized linear model using the Poisson distribution and
log link function. A 95% confidence interval was calculated where applicable and
significance was established at p<0.05.

The sub-study protocol was approved by the Human Research Ethics Committee, Faculty of
Health Sciences, Stellenbosch University, registration no: N05/05/092. Written consent was
obtained from the child's parent or guardian.

A total of 115 HIV-infected infants from Cape Town participated in the parent study,
77(67%) of whom were randomised to the two early ART arms and 38 to the deferred ART
arm. Of these, eight infants died before assessment (all on the deferred arm); 10 (8 on early
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ART, 2 on deferred ART) were not enrolled as they withdrew from the parent study before
scheduled neurodevelopmental assessments. Two infants on early ART with underlying
neurological disorders (glutaricaciduria, fetal alcohol syndrome) were excluded. Five infants
(3 on early ART and 2 on deferred) were also excluded because they were assessed after the
cut-off age(2) or had unreliable scores(2), or repeatedly missed appointment dates(1). Our
analysis included 64 infants on early ART and 26 on deferred treatment.

Demographic information is shown in Table I. HIV-infected infants were predominantly
female and Xhosa-speaking and maternal education was comparable. Birth outcomes were
comparable for weight, gestation and mode of birth. Demographics were comparable in the
early treatment group and the unexposed uninfected infants, except for language and
gestation. There were more Xhosa-speaking infants in the early treatment group (86% vs
29%) and more infants with gestation >37 weeks in the HIV-infected groups. At enrolment
into CHER, the treatment groups were comparable on mean absolute CD4 count (1746 vs
2024 cells/mm3, p=0.5), CD4% (34.8% vs 34.9%, p=1.0) and plasma viral load (log10 RNA
copies/ml: 5.66 vs 5.64, p=0.8).

Mean age of starting ART was 31.4 weeks in deferred and 8.4 weeks in early ART (p<0.01).
Twenty-four(92%) infants in deferred ART group were on ART at assessments. Mean time
on ART before assessments was 18.7 weeks in deferred and 40.9 weeks in early ART
(p<0.01). According to the CHER protocol, treatment interruption was planned after 40
weeks of early ART for some participants[10]. Five infants on early ART, whose scores
were included, had treatment interrupted (between one and three months) before
neurodevelopmental assessments were performed. One infant, on early ART, was changed
to second line treatment at 6 months, (20 weeks before the GMDS) due to undisclosed
treatment interruption by parent. Clinicians assuming treatment failure.

More infants on deferred ART compared with early ART experienced hospital admissions
(46 vs 30%). The deferred group stayed significantly longer in hospital than the early group
(mean 9.4 vs 2.4 days; p<0.01). At assessment, head circumference was similar between the
comparison arms.

On the GMDS, all scores were lower in the deferred vs the early ART group (Table 2).
General and Locomotor Scores were significantly lower: mean (standard deviation): 100.1
(13.8) vs 106.3 (10.6) p=0.02 and 88.9 (16.3) vs 97.7 (12.5) p<0.01 respectively. All scores
in the early ART arm were similar to those in both HIV-uninfected groups, except for
locomotor where the HIV-exposed uninfected arm performed better (Table 2).

Discussion

In this study, HIV-infected infants receiving early ART (<3 months old) scored higher on
the GMDS scales, particularly on the General and Locomotor scores, compared to those on
deferred ART. Children with HIV who received early ART performed as well as children
without HIV except on the locomotor subscale.

Our findings show that children with HIV who start ART earlier have better short-term
neurodevelopmental outcomes than infants for whom treatment is deferred. The mean age
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starting ART in the deferred group was 31.4 weeks. While this is early compared to many
studies describing neurodevelopmental outcomes[3-4, 12-15], even this delay is associated
with poorer outcomes. The mean time on ART in infants receiving early ART compared to
those on deferred ART was significantly longer (18.7 vs 40.9 weeks), potentially influencing
our findings.

Our study is limited by small sample sizes for the deferred ART and uninfected groups.
Given the trend to better outcomes for hearing and speech, eye-hand coordination and
performance in the group on early ART, larger sample sizes may have provided a more
precise estimate. Eight infants in the deferred group died before assessment. Five of these
infants had CDC stage C disease. Had they lived to be assessed, they may have lowered the
scores in the deferred ART group further, increasing the differences between arms.
Literature has established that neurodevelopmental outcomes in children with AIDS-
defining illness are worse than in those without such diagnosis[7-8]. There was an
imbalance in primary language: there were more Xhosa-speaking infants in the HIV-infected
groups than in the uninfected groups. This may indicate differences in cultural and
childrearing practices but our experience of this age group is that early childhood
stimulation is similar in the two language groups, as shown in the comparable results. The
study is further limited by the cross-sectional nature of neurodevelopmental assessments.
Also, viral loads and CD4 counts were measured at varying times in relation to
neurodevelopmental assessment and ART status, thus not being comparable. We therefore
cannot comment on the changes over time and response to ART initiation.

The deferred arm had a higher incidence of illness and hospitalization. The degree to which
this may have contributed to the neurodevelopmental delay is not clear. More children in the
deferred arm than the early arm required hospitalization (46 vs 30%) and the mean hospital
duration for those admitted was 9.4 vs 2.4 days. This confirms that early ART prevents
morbidity, which may have implications for large ART programmes in developing
countries.

The GMDS has not been standardised for South African children, but is widely used[16-18]
and scores show good correlation with British children from different race and language
groups[19]. Our results support the GMDS as an appropriate tool in our setting. The mean
scores on all subscales between the unexposed uninfected and the early ART groups were
similar (Table 2). While there is a significant difference in the mean general and locomotor
scores between the early therapy and deferred therapy groups, the means are still within the
normal developmental range (within1SD) for the GMDS.

Strengths of this study include that this was performed in a setting where there is limited
pre-natal recreational drug exposure. The study population is from a poor socio-economic
background, representative of infants accessing public health system and the demographics
of HIV infection. Results should be generalizable to the relevant South African population.
The study is further strengthened by the inclusion of uninfected groups from similar cultural
and socio-economic backgrounds, which contextualises the information on performance on
the GMDS.
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This study provides evidence of the neurodevelopmental benefits of early ART. In infants
tested at a median age of 11 months on the GMDS, those initiated at a mean of 8.4 weeks of
age had significantly better Locomotor and General Scores than when ART was deferred,
despite careful monitoring and ready access to ART. It is plausible that the true difference
may be larger based on deaths before assessments. In addition, we found little
neurodevelopmental difference between infants who received early ART and infants who
were uninfected with HIV. These findings support the earliest possible diagnosis of HIV and
initiation of ART in infants. However, caution should be exercised in extrapolating to long
term predictions.
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