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B a c k g r o u n d
The use of ART in young children limits HIV damage to the brain. However, little is known about the optimal ART for children born HIV-infected or how/if ART affects neurologi-
cal development during childhood. MR spectroscopy (MRS) is used to investigate neurological development in children, as many neurological processes that occur during child-
hood are accompanied by metabolite level changes. Previous studies used metabolite levels to identify potential biomarkers in healthy and diseased populations [5,6,7,8]. Few 
studies have examined metabolite levels through childhood among healthy children, making it difficult to detect metabolite abnormalities among diseased children. 

Neurocognitive measures are also used to monitor neurological development in children [5,7,10]. By combining neurocognitive and MRS measures, we hope to gain additional 
insight into the efficacy of different ART regimes as well as the influence of HIV on neurological development in children. The goal of this study is to examine metabolite levels 
and cognitive abilities between HIV-infected children receiving different ART regimes, and between HIV-infected and HIV-uninfected children.

S t u d y
Single voxel 1H-MRS (SVS) data were acquired for 37 HIV-infected (mean age: 5.5 ± 0.3) and 17 HIV-uninfected Xhosa children (mean age: 5.6 ± 0.5) on a 
Siemens 3T Allegra Head Scanner (Siemens, Erlangen, Germany) in Cape Town, South Africa. MRS data were acquired using a real-time motion and B0 corrected 
[1] point resolved spectroscopy (PRESS) sequence (TR 2000 ms, TE 30 ms, 64 averages, Scan Time: 2.16 min). We collected spectra in the left peritrigonal 
white matter (PWM), midfrontal gray matter (MFGM) and basal ganglia (BG). Water reference scans were acquired in each voxel for eddy current compensation, 
frequency/phase correction, and to compute absolute metabolite levels (AMLs). Spectra were analysed using the linear combination model software LCModel; 
exclusion criteria included FWHM > 0.075 ppm, SNR < 7 and LCModel standard deviation > 20%. All statistical analyses were performed in R; linear regression 
models were used and pairwise comparisons performed in regions where plotted confidence intervals suggested significant differences.

The children (36 HIV-infected and 15 HIV-uninfected) were assessed on the Griffiths Mental Developmental Scales–Extended Revised Version (GMDS-ER) [2] and 
(35 HIV-infected and 13 HIV-uninfected) with the Beery-Buktenica Developmental test for Visual-Motor Integration (6th Edition), including visual perception [3].

HIV-infected children were participants on the Children with HIV Early Antiretroviral Therapy (CHER) trial [4], in which children with a median age of 7 weeks 
and baseline CD4% >= 25% were randomly assigned to either one of two early antiretroviral therapy (ART) arms or a deferred ART arm. The ART regimes are 
defined as: Arm 1 - deferred until immunological or clinical criteria met (13 children), Arm 2 - ART initiated before 12 weeks of age with planned interruption at 
40 weeks (13 children) and Arm 3 - ART initiated before 12 weeks of age with planned interruption at 96 weeks (11 children). 
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I n t e r p r e t a t i o n
All children are of the same ethnicity, from the same socioeconomic background, and of similar age. A pairwise comparison of total choline levels in the BG found significant 
differences between: Arm 1 and Arm 3, and Arm 3 and the HIV-uninfected group (p < 0.05). A pairwise comparison of the total choline levels in the PWM also found significant 
differences between Arm 3 and both Arm 1 and the HIV-uninfected group (p < 0.01). We observed no additional significant differences between groups in NAA, GPC+PCh or 
cognitive measures. 

In addition, we observed a significant difference in the linear relationship between age and choline in the PWM among the following groups: Arm 1 and Arm 3 (p = 0.009) and 
Arm 1 and Controls (p = 0.01). Arm 1 displays a significant negative correlation with age (p = 0.009). Choline levels are expected to remain constant throughout childhood. 
However, there is evidence that in white matter choline levels are about 15% lower among older children (ages 5-18) than younger children (ages 0 - 5) [9].

Our results suggest ART has mitigated neurological damage related to HIV-infection observed in other studies [6,8]. Overall, we found very few differences between the HIV-
infected and HIV-uninfected children. The association of choline with age is very different in the deferred treatment arm compared to the other arms and controls. These find-
ings support early treatment as protecting against possible neurological and cognitive deficits associated with HIV in young children. Longitudinal studies of HIV-infected and 
HIV-uninfected children will provide data of normal development patterns over this age range; these results will aid in interpreting the effects of HIV and different treatment 
strategies on the developing brain.

Hypothesis - We hypothesize that Arm 3 - the group of HIV-infected children receiving ART at a young age, for the longest time 
period prior to planned interruption - will show metabolite and neurocognitive measures similar to HIV-uninfected children.

R e s u l t s

R e f e r e n c e s
[1] Hess et al. (2011), “Real-time motion and B0 corrected single voxel spectroscopy using volumetric navigators,” Magnetic Resonance in Medicine, vol. 66, Issue 2, pp. 314-323. [2] Luiz, D. et al. (2006), “GMDS-ER: Griffiths Mental Development Scales - Extended Revised: Two to eight years: Administration and analysis manual.” Oxford: HOGREFE-The 
test Agency. [3] Beery, K.E. et al. (2010), “Beery VMI: The Beery-Buktenica Developmental Test of Visual-Motor Integration. Administration, scoring and teaching manual.” 6th ed. San Antonio, TX: Pearson. [4] Violari, A., et al. (2008), “Early antiretroviral therapy and mortality among HIV-infected infants.” New England Journal of Medicine, vol. 359, Is-
sue 21, pp. 2233-2244. [5] Jung, R. et al. (1999), “Biochemical markers of intelligence: a proton MR spectroscopy study of normal human brain,” Proceedings of The Royal Society, vol. 266, Issue 1426, pp 1375-1379. [6] Keller, M. et al. (2004), “Altered neurometabolite development in HIV-infected children: Correlation with neuropsychological scores.” 
Neurology, vol. 62, Issue 10, pp. 1810-1817. [7] Ross, A. and Sachdev, P. (2004), “Magnetic resonance spectroscopy in cognitive research,” Brain Research Reviews, vol. 44, Issue 2-3, pp. 83-102. [8] Chang, L. et al. (1999), “Cerebral metabolite abnormalities correlate with clinical severity of HIV-1 cognitive motor complex,” Neurology, vol. 52, Issue1, 
pp 100-108. [9] Pouwels, P.J.W. et al. (1999) “Regional Age Dependence of Human Brain Metabolites from Infancy to Adulthood as Detected by Quantitative Localized Proton MRS,” Pediatric Research, vol. 44, pp. 474-474. [10] Le Doare, K., et al. (2012), “Neurodevelopment in Children Born to HIV-Infected Mothers by Infection and Treatment Status,” 
Pediatrics, vol. 130, Issue 5, pp. e1326-44.

Midfrontal 
gray matter

Basal Ganglia

Peritrigonal 
white matter

1.  Significantly higher choline in Arm 3 compared to Arm 1 and HIV-
uninfected controls in both the Peritrigonal White Matter (PWM) and Basal 

Ganglia (BG).

3. No significant differences in neuropsychological measures between Arms or between HIV-infected and HIV-uninfected children.

Arm 1 = ART deferred until immunological or clinical criteria met;
Arm 2 = ART initiated before 12 weeks of age with planned interruption at 40 weeks;
Arm 3 = ART initiated before 12 weeks of age with planned interruption at 96 weeks;
Controls = HIV-uninfected children
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2. Significant difference in the linear relationship between age and choline in 
the PWM in Arm 1 as compared to Arm 3 and HIV-uninfected controls.
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