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A B S T R A C T

Delayed brain development in perinatally HIV-infected children may affect the functional brain activity and
subsequently cognitive function. The current study evaluated the functional brain activity in HIV-infected
children by quantifying the amplitude of low frequency fluctuations (ALFF) and functional connectivity (FC).
Additionally, correlation of ALFF and FC with cognitive measures was performed. Twenty-six HIV-infected
children and 20 control children underwent neuropsychological (NP) assessment and resting-state functional
magnetic resonance imaging (rs-fMRI). ALFF and FC maps were generated and group differences were analyzed
using two-sample t-test. Furthermore, ALFF and FC showing significant group differences were correlated with
NP scores using Pearson's correlation. Significantly lower ALFF in the left middle temporal gyrus, precentral and
post central gyrus was observed in HIV-infected children compared to controls. FC was significantly reduced in
the right inferior parietal, vermis, middle temporal and left postcentral regions, and significantly increased in the
right precuneus, superior parietal and left middle frontal regions in HIV-infected children as compared to
control. HIV-infected children showed significantly lower NP scores in various domains including closure, ex-
clusion, memory, verbal meaning, quantity and hidden figure than controls. These waning cognitive functions
were significantly associated with changes in ALFF and FC in HIV-infected children. The findings suggest that
abnormal ALFF and FC may responsible for cognitive deficits in HIV-infected children. ALFF and FC in asso-
ciation with cognitive evaluation may provide a clinical biomarker to evaluate functional brain activity and to
plan neurocognitive intervention in HIV-infected children undergoing standard treatment.

1. Introduction

Transfer of human immunodeficiency virus (HIV) from infected
mothers to infants during pregnancy, delivery, or breast-feeding is the
major route of infection (Rossi and Moschese, 1991). By the time HIV
clinical symptoms appear, viruses reach different parts of the body

including the central nervous system (CNS) (An et al., 1999; Valcour
et al., 2011). Inability of the current treatment to effectively act on the
virus in the CNS may be responsible for the neural damage and delayed
neurodevelopment in pediatric patients (Eggers et al., 2003; Laughton
et al., 2013; Patel et al., 2009; Smith et al., 2006). These damages tend
to be more intense in the brain of HIV infected infants and children due
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to their immature nervous and immune systems (Van Rie et al., 2009;
Wachsler-Felder and Golden, 2002).

Structural and functional magnetic resonance imaging (MRI)
methods are well established in studying several neurological disorders
as they offer direct evidence of brain changes in association with clin-
ical and behavioral outcomes. Structural and functional brain changes
in adolescent and adult HIV patients have been examined non-in-
vasively using MRI. These changes include lower brain volumes, gray
matter loss, white matter hyper-intensity, altered brain metabolites,
higher white matter diffusivity and lower functional brain activity
(Chang et al., 2016; Hakkers et al., 2017; Janssen et al., 2016; Ragin
et al., 2012; Sanford et al., 2017; Sarma et al., 2014; Thompson and
Jahanshad, 2015; Wang et al., 2016). Few studies have reported the
structural brain changes including lower cortical and total gray matter
volume, lower white matter volume, and altered brain cortical thick-
ness and structural connectivity (Cohen et al., 2016; Hoare et al., 2012;
Yadav et al., 2017) in HIV-infected children. Another study based on
proton magnetic resonance spectroscopy (1H MRS) observed that al-
tered metabolite levels in the basal ganglia were associated with lower
CD4+ and CD4/CD8+ count in HIV-infected children (Mbugua et al.,
2016). To the best of our knowledge, there is no published study
evaluating the functional brain changes [either by using task-based
functional MRI (fMRI) or resting-state fMRI (rs-fMRI)] in HIV-infected
children.

Neurocognitive and motor function deficits together with delayed
language development suggest neurodevelopmental delays in HIV in-
fected pediatric patients (Laughton et al., 2013; Koekkoek et al., 2008;
Le Doare et al., 2012; Lindsey et al., 2007; Van Rie et al., 2008). The rs-
fMRI technique can be used for the assessment of neurocognitive
functions and neurodevelopmental delays as it offers functional activity
outcomes within a short period of time without any confounding factors
such as task performance inside the magnet, attention and language,
making it ideal for pediatric studies. Rs-fMRI derived matrices such as
amplitude of low frequency fluctuations (ALFF) are used to measure
regional spontaneous neural activity (SNA), while functional con-
nectivity (FC) is used to evaluate the functional changes in the brain by
focusing on long distance patterns of connectivity (Fox and Raichle,
2007; Liu et al., 2014). It has been shown that neuronal changes occur
earlier than cognitive or clinical symptoms. Rs-fmri matrices have the
potential to improve the early detection of neuronal injury and can be
used as a potential biomarker for neurocognitive interventions (Chang
et al., 2016).

In the current study, we evaluated the functional brain activity by
quantifying ALFF and FC in HIV-infected children. Additionally, we
investigated the relationship between cognitive measures and rs-fMRI
derived matrices to examine the impact of HIV infection on brain
functional outcomes.

2. Materials and methods

The study protocol was approved by the Institutional Regulatory
Board and Ethics Committee. Informed consent was obtained from all
the participants or their next of kin prior to the study. We prospectively
enrolled 49 HIV-infected children (mean ± SD, 9.27 ± 2.50 years)
and 23 age/sex matched control children (mean ± SD,
8.66 ± 2.68 years) of the same socioeconomic status and level of
education. Diagnosis of HIV was performed according to national HIV
testing protocols that include screening by HIV enzyme-linked-im-
munosorbent-assay (ELISA)/Rapid test followed by confirmation with 2
further HIV rapid tests of higher specificity. All HIV-infected children
were treated with standard combination antiretroviral therapy (cART)
under the national HIV program. The standard regimen for first-line
cART consists of 2 nucleoside/nucleotide reverse transcriptase in-
hibitors (NRTIs) with 1 non-nucleoside reverse-transcriptase inhibitors
(NNRTI). NRTIs include thymidine analogue Zidovudine (AZT) or
Stavudine (d4T) which are guanosine analogue Abacavir (ABC) in

combination with a cytidine analogue Lamivudine (3TC). NNRTIs in-
clude Nevirapine (NVP) or Efavirenz (EFV).

All participants underwent clinical assessment including neu-
ropsychological test and brain MRI. None of the subjects were sedated
during the MRI examination.

2.1. Neuropsychological assessment

Each subject completed the Revisie Amsterdamse Kinder
Intelligentie Test (RAKIT) battery, designed especially for children to
detect abnormalities in NP functions (Khire et al., 1992). It contains a
battery of nine subsets (closure, exclusion, memory span, verbal
meaning, mazes, learning names, quantity, discs, and hidden figure)
that assess various domains of cognitive functions such as attention,
language, memory, learning, visual, and motor coordination (Khire
et al., 1992). All raw test scores were converted to standard scores. The
entire test battery required approximately 90–120min for completion
per subject.

2.2. Magnetic resonance imaging

Brain MRI was performed on a 3-T clinical MRI system (Signa Hdxt;
GE Healthcare, Milwaukee, Wisconsin) using a vendor supplied 8-
channel head coil. 3D high-resolution T1-weighted brain volume imaging
(BRAVO) was performed using a IR-prepared fast spoiled gradient echo
(FSPGR) pulse sequence with following parameters: repetition time
(TR)=8.4ms, echo time (TE)=3.32ms, inversion time (TI)=400ms,
flip angle (FA)=13°, matrix size=512×512, field of view
(FOV)=240×240mm2, slice-thickness=1.0mm. T2-weighted
images covering the whole-brain in the axial plane were acquired using a
dual-echo turbo spin-echo pulse sequence (TR=5660ms; TE=98ms;
FA=90°; matrix size=256×256; FOV=240×240mm2; slice-
thickness=3.0mm). Fluid-attenuated-inversion recovery (FLAIR) ima-
ging was performed using parameters: TR=9000ms, TE=128ms,
TI=2400ms, section thickness=3mm, FA=90°, ma-
trix=320×256, FOV=240×240mm2. The rs-fMRI images were
acquired using an echo-planar imaging sequence with following para-
meters: TR=2500ms, TE =30ms, FA=90°, number of slices=46,
slice thickness=3mm, inter-slice gap=0mm with interleaved mode of
slice acquisition, and volumes per acquisition=120. In order to securely
support the head and minimize the head movement, vacuum molded
cushions and soft pads were used.

Conventional T2-weighted, T1-weighted, and FLAIR images were
used to delineate any gross changes in the brain such as hyper-intensity,
ventricular enlargements and/or other lesions. Sixteen HIV infected
children showed visual MRI abnormalities such as presence of hyper-
intensity on FLAIR or brain lesions. While 7 HIV-infected and 3 control
children did not meet the motion criteria (2.5mm translational or 2.5°
rotational) and therefore were excluded from the study. Final data
analysis was performed on 26 HIV-infected children and 20 control
(demographic information is given in Table 1).

2.3. Resting-state f-MRI data preprocessing

The rs-fMRI brain images were processed using statistical para-
metric mapping software (SPM12, Wellcome Department of Imaging
Neuro-Science, London, U.K.) implemented in the RESTplus (http://
restfmri.net/) (Song et al., 2011). In brief, the processing pipeline in-
cludes following steps- conversion of digital imaging and communica-
tions in medicine (DICOM) to neuroimaging informatics technology
initiative (NIFTI), removal of initial volumes (n= 10) to allow mag-
netization stabilization, slice timing correction, and motion correction
(up to 2.5mm of displacement with 2.5° rotation). This was followed by
co-registration of high resolution T1-weighted structural images with
the mean image of rs-fMRI series. The higher resolution structural
images were normalized to the MNI standard space using dartel
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normalization and the obtained normalized parameters were applied to
rs-fMRI images. These images were then resampled to 3mm and
smoothed with a 6mm full-width at half-maximum (FWHM) isotropic
Gaussian kernel. Following that, linear trend discarding and temporal
band pass filtering (0.01 Hz–0.08 Hz) were performed to reduce the
effects of low and high frequency noise. For the removal of cofounding
effect, linear regression analysis with six parameters obtained by rigid
body correction of head motion, mean signals from cerebrospinal fluid,
averaged white matter signals, and averaged signals across whole brain
was used.

2.4. Computation of ALFF maps

ALFF maps of all individual subjects were calculated and used to
measure the spontaneous brain activity. For standardizing variability
across participants, ALFF map of each subject was normalized to the
mean ALFF (mALFF) map and used for group comparison.

2.5. Computation of FC maps

We selected brain regions that showed significant group differences
in ALFF as seed regions for FC analysis. In all subjects, three brain areas
(left middle temporal gyrus, left precentral and left post central) were
extracted as seed regions and used to define the reference time series for
FC analysis with spherical seed regions as well as each voxel of the
whole brain. Fisher r to z transformation was performed to improve the
normality of FC maps and these FC maps were finally used for group
comparison.

3. Statistical analysis

Statistical analysis was performed using the Statistical Package for
Social Sciences (SPSS) version 16.0 (SPSS Inc., Chicago, USA).
Demographic variables between HIV-infected children and control
subjects were compared either by Chi-square test or independent stu-
dent t-test. The NPT scores were assessed using an independent student
t-test. Voxel-based comparison using two sample t-test was performed
to investigate differences in ALFF and FC between HIV-infected chil-
dren and control. AlphaSim method, which employs Monte Carlo si-
mulation was used for multiple comparisons correction for both ALFF
and FC by applying following thresholds- 10,000 iterations, p < .005
both at voxel and cluster level (minimum 35 contiguous voxels; age and
gender as covariates). Finally, z scores of the brain regions that showed
significant changes in ALFF and FC were extracted for further correla-
tion analysis. Pearson's correlation was performed to see the association
between rs-fMRI matrices (ALFF and FC: clusters showing significant
group difference) and NPT scores.

4. Results

4.1. Demographic, neuropsychological and clinical characteristics

Demographic, neuropsychological and clinical information of sub-
jects included in the final analysis are shown in Table 1. No significant
difference in age (p= .11) and gender (p= .94) was observed between
HIV-infected children and control. Overall, HIV-infected children
showed lower neuropsychological test scores with significant decrease
in closure, exclusion, memory, verbal meaning, quantity and hidden
figure than control (Table 1). None of the participants had any history
of receiving psychiatric treatment. None of the control children were
positive for HIV test.

4.2. Resting state-fMRI matrices (ALFF and FC)

HIV-infected children showed significantly decreased ALFF in mul-
tiple brain regions including left middle temporal gyrus, left precentral
and left post central gyrus as compared to controls (Fig. 1 and Table 2).
Significantly reduced FC for the seed region in the left middle temporal
gyrus with clusters in the right inferior parietal and left postcentral
gyrus was observed in HIV-infected children. The seed region in the left
precentral gyrus of the motor network showed significantly reduced FC
with the cluster in the right vermis region and significantly increased
FC with clusters in the right precuneus and left middle frontal regions,
while the seed region in the left postcentral gyrus of the sensory net-
work showed significantly decreased FC with the cluster in the right
middle temporal region and significantly increased FC with the cluster
in the right superior parietal region in HIV-infected children (Fig. 1 and
Table 2).

4.3. Correlation of resting state-fMRI matrices (ALFF and FC) with NPT
score

Reduced ALFF from the left middle temporal region correlated with
mazes (p= .005), and reduced ALFF from the left post central region
correlated with closure (p= .006) and memory (p= .005), (Table 3).
FC of the seed region in the left precentral gyrus of the motor network
and the right precuneus region correlated with closure (p= .003) and
memory (p= .001), while FC of the left middle frontal region corre-
lated with closure (p= .005), (Table 3). No significant association of
age and CD4+ count with either ALFF or FC was observed.

5. Discussion

The current study investigated the effect of HIV on functional brain
activity by evaluating ALFF and FC in HIV-infected children. The

Table 1
Demographic, clinical and neuropsychological test variables of HIV-infected children and control subjects.

Demographic, clinical and
neuropsychological tests

Control
(Mean ± SD)

HIV (Mean ± SD) P value

Age (years) 8.78 ± 2.64 9.92 ± 2.12 0.12
Male/Female 11/9 14/12 0.94
Education (years) 4.10 ± 2.23 3.87 ± 2.96 0.827
Ethnicity Asian Indian Asian Indian NA
Peak HIV viral load (log copy/ml) – 4.02 ± 1.17 NA
CD4+ T-cell count at MRI (×106/L) – 490 ± 260 NA
Closure 19.6 ± 4.5 13.4 ± 5.4 0.001
Exclusion 16.2 ± 7.2 9.42 ± 5.7 0.002
Memory-span 11.7 ± 5.4 5.58 ± 5.5 0.002
Verbal meaning 19.8 ± 5.9 15.5 ± 6.3 0.044
Mazes 14.3 ± 7.3 11.8 ± 7.9 0.330
Learning names 19.2 ± 3.7 15.6 ± 6.8 0.077
Quantity 19.0 ± 5.6 9.73 ± 7.3 0.001
Discs 16.0 ± 6.2 14.1 ± 8.4 0.468
Hidden figure 18.2 ± 6.3 12.9 ± 7.7 0.032
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Fig. 1. T-statistics maps are showing changes in amplitude of low frequency fluctuations and functional connectivity in multiple brain areas of HIV-infected children
as compared to control. AlphaSim method for multiple comparisons correction both for ALFF and FC was performed by applying following thresholds- 10,000
iterations, p < .005 both at voxel and cluster level (minimum 35 contiguous voxels).

Table 2
Amplitude of low frequency fluctuations (ALFF) and functional connectivity (FC) in control and pediatric HIV. For each cluster, the coordinates of the peak difference
as well as the anatomical location and size (in voxels) are shown.

RS-fmri metric Brain region Cluster size T-scores Peak MNI coordinates Control Mean ± SD HIV Mean ± SD P value

X Y Z

ALFF L Middle temporal 36 4.29 −60 −21 −6 1.31 ± 0.25 1.03 ± 0.16 <0.001
L Precentral 37 3.80 −57 0 33 1.15 ± 0.20 0.91 ± 0.13 <0.001
L Postcentral 79 5.22 −39 −27 42 1.28 ± 0.27 0.99 ± 0.18 <0.001

FC-Seed region-1 R Inferior Parietal 43 3.9 63 −42 21 0.084 ± 0.184 −0.138 ± 0.147 <0.001
L Postcentral 236 4.8 −21 −45 69 0.003 ± 0.129 −0.227 ± 0.163 <0.001

FC-Seed region-2 R Vermis 105 4.1 0 −51 −33 0.046 ± 0.104 −0.156 ± 0.181 <0.001
R Precuneus 61 −4.6 18 −39 3 −0.147 ± 0.113 0.041 ± 0.130 <0.001
L Middle Frontal 41 −3.9 −36 27 30 −0.112 ± 0.180 0.124 ± 0.233 0.001

FC-Seed region-3 R Middle Temporal 137 4.9 60 −33 −9 0.012 ± 0.125 −0.204 ± 0.134 <0.001
R Superior Parietal 91 −4.2 24 −54 57 0.058 ± 0.201 0.299 ± 0.157 <0.001

L, Left; R, Right; ALFF, Amplitude of low frequency fluctuations; FC, functional connectivity.
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difference in ALFF and FC in multiple brain regions of HIV infected
children suggests altered functional brain activity. Since these brain
regions are associated with auditory, language, sensory and motor
functional networks, any alteration in their functional activity may be
responsible for cognitive deficits as observed in the current study.

It is reported that the middle temporal gyrus is responsible for face
recognition, and accessing words while reading (Ischebeck et al., 2004).
In the current study, decreased ALFF in the left middle temporal gyrus
indicates alteration in auditory and language processes in HIV-infected
children. Our findings are consistent with a previous study performed in
HIV-infected adult patients, which showed that lower temporal cortex
tissue volume was significantly correlated with impaired cognitive
functions (Kuper et al., 2011).

Mazes, a subset of the cognitive test battery, evaluates visual-motor
coordination. Lower mazes in HIV-infected children correlated with
reduced ALFF from the left middle temporal lobe suggesting that HIV-
infected children lack profound activity in auditory and visual co-
ordination. It is well reported that left precentral gyrus is involved in
motor activity (Yousry et al., 1997), and the presence of reduced ALFF
in this brain regions hints towards decreased motor network func-
tioning in HIV-infected children.

The postcentral gyrus is a prominent gyrus in the lateral parietal
lobe of the human brain and regulates the primary somatosensory
functions. The significant association of reduced ALFF from the post-
central gyrus with lower cognitive functions in HIV-infected children
suggests problems in their sensory network. A previous study based on
magnetoencephalography showed that significantly reduced theta re-
sponse in the postcentral gyrus was correlated with neuropsychological
performance in HIV-infected patients and suggested the involvement of
postcentral gyrus in sensory activity (Wilson et al., 2015). Similarly, a
task based fMRI study demonstrated increased activation of the right
postcentral gyrus in adult HIV patients suggestive of altered functional
connectivity (Melrose et al., 2008).

Previous studies showed significantly reduced cortical thickness in
the temporal gyrus of both adult and pediatric patients with HIV (Yadav
et al., 2017; Kallianpur et al., 2012) and suggested that neuronal de-
generation secondary to viral infection in the brain is responsible for
tissue loss. Similarly, loss in gray matter volume and microstructural
integrity in precentral and postcentral brain areas has been shown in
both adult and adolescent HIV patients. Decreased ALFF in these brain
regions of HIV-infected children as observed in the current study may
be due to neuronal damage secondary to viral infection in the brain
(Yadav et al., 2017; Liu et al., 2014; Kallianpur et al., 2012; Everall

et al., 1991; Ketzler et al., 1990; Smith et al., 2008). The functional
brain changes observed in the current study did not correspond with the
structural brain changes as shown in our previous study (Yadav et al.,
2017). This suggests that the functional brain changes may be in-
dependent of the structural brain changes. The mutual relationship
between structural and functional brain changes remains highly de-
bated. The temporal relationship between structural and functional
properties for a particular set of brain regions is not yet fully under-
stood. Moreover, even if the functional connectivity changes precede
the modulation of structural connectivity, it is still unclear whether the
difference in functional connectivity and structural connectivity
changes are constant across functionally heterogeneous human brain
networks (Deco et al., 2014; Meier et al., 2016; Robinson et al., 2014).
However, a recent study showed that the difference between functional
and structural brain changes varies across various brain networks in-
volved in different cognitive and perceptual functions (Takamitsu
Watanabe, 2018).

Previous functional neuroimaging studies on various human
pathologies have suggested that the inferior and superior parietal gyrus,
middle temporal gyrus, middle frontal gyrus, precuneus, postcentral
and vermis are involved in several neurocognitive processes including
auditory, visual, language, attention, sensory and motor networks
(Lowe et al., 2002; Remy et al., 2005; Waites et al., 2006; Wang et al.,
2006; Yu et al., 2008; Zang et al., 2007; Zhou et al., 2007). In the
current study, altered FC was observed in the right inferior parietal, left
postcentral, right vermis, right middle temporal, right precuneus, left
middle frontal and right superior parietal gyrus of auditory, visual,
language, attention, sensory and motor networks in HIV-infected chil-
dren. FC difference between multiple brain sites suggests that regions of
various functional networks are implicated in reduced brain activity in
HIV-infected children. Altered FC connectivity may be responsible for
hindering the flow of information in the brain and subsequently for
lower cognitive functioning in HIV-infected children.

Amplitude of low frequency fluctuations (ALFF) and regional
homogeneity (ReHo) are RsfMRI derived matrices frequently used to
assess the brain's neural activity. ALFF and ReHo provide different as-
pects of brain functions and abnormalities. ALFF reflects the amplitude
of spontaneous low-frequency fluctuations or oscillations in the Rs-fMRI
signal. The advantage of ALFF is the remarkably high temporal stability
and long-term test-retest reliability, however it is prone to noise from
physiological sources, particularly near the ventricles and large blood
vessels (Zou et al., 2008; Zuo et al., 2010). ReHo is a voxel-based
measure of the similarities between the time-series of a given voxel and

Table 3
Pearson correlation coefficients of amplitude of low frequency fluctuations and functional connectivity with neuropsychological tests.

Brain regions Closure Exclusion Memory VM Mazes LN Quantity Discs HF

Correlation of Amplitude of low frequency fluctuations with NPT scores
L Middle Temporal 0.32 0.41 0.32 0.13 0.43⁎ 0.15 0.27 0.05 0.26
L Postcentral 0.43⁎ 0.38 0.44⁎ 0.20 0.34 0.32 0.30 0.21 0.36
L Precentral 0.42 0.11 0.32 0.10 0.15 0.23 0.23 0.26 0.14

Correlation of Functional connectivity with NPT scores – Seed region-1(Left middle temporal)
R Inferior Parietal 0.27 0.40 0.27 0.13 0.17 0.09 0.14 −0.04 0.21
L Postcentral 0.32 0.23 0.34 0.15 −0.12 0.27 0.28 −0.19 0.22

Correlation of Functional connectivity with NPT scores – Seed region-2 (Left precentral)
R Vermis 0.14 0.03 0.14 −0.04 −0.16 0.14 0.05 −0.13 0.14
R Precuneus −0.45⁎ −0.34 −0.52⁎ −0.24 −0.19 −0.25 −0.42 −0.07 −0.34
L Frontal Middle −0.44⁎ −0.22 −0.34 −0.07 −0.31 −0.21 −0.26 −0.15 −0.30

Correlation of Functional connectivity with NPT scores – Seed region-3 (Left postcentral)
R Temporal Middle 0.23 0.27 0.24 0.11 0.08 0.05 0.37 0.25 0.22
R Parietal Superior −0.32 −0.28 −0.37 −0.08 −0.25 −0.16 −0.14 −0.17 −0.13

L, Left; R, Right; VM, verbal meaning, LN, learning name; HF, hidden figure; Neuropsychological tests, NPT.
⁎ Significant at 0.005 level.
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its nearest neighbors, as calculated by the Kendall coefficient of con-
cordance of the Rs-fMRI time-series. The test-retest reliability of the
ReHo is high, although it has a few limitations such as relatively unclear
biologic meaning in the different frequency bands and analyses vary
significantly depending on both the number of neighbors in a cluster
and the amount of spatial smoothing applied to the data (Zang et al.,
2004).

In the current study, we did not compare the functional brain
changes between treated and untreated HIV-infected children.
However, previous studies observed improved functional connectivity
in HIV patients that received medications (Ortega et al., 2015). Another
study showed that cART improves cognitive performance and func-
tional connectivity in ARV treated-naïve HIV-infected individuals
(Zhuang et al., 2017). We are expecting similar impact of cART treat-
ment on patients included in the current study.

A previous study in adolescent patients with HIV showed a sig-
nificant association of CD4+ count with FC in the brain (Herting et al.,
2015). In the current study, we did not observe any significant corre-
lation of CD4+ count with ALFF or FC. We suggest that this may be
due to the small sample size which might be considered a limitation of
the current study. Future studies will explore the data in multiple di-
mensions measuring topological properties using graph theoretical
methods (Abidin et al., 2018; Bell et al., 2018; Thomas et al., 2015) and
evaluate the effect of working memory training on neurocognitive
performance of HIV patients. The present study did not observe any
significant correlations of age with ALFF and FC in either HIV+ or HIV-
participants and there was no interaction effect between HIV and aging,
suggesting that HIV may not have an age related neurodegeneration
effect. However, it is worth evaluating the effect of aging in this po-
pulation with a large sample size including a wide age range of ages
from childhood to adolescence.

The current study used the RAKIT battery (adopted for demo-
graphic, ethnic background, education level, age and gender), which
only assessed the neuropsychological profile and is not appropriate for
the classification of HIV patients due to the absence of additional test
components such as daily functioning, social functioning, status of de-
mentia and pre-existing cause for mild neurocognitive disorder as in-
corporated in HAND literature criteria (Antinori et al., 2007). However,
the RAKIT battery (Khire et al., 1992) has parallel neuropsychological
tests (verbal/language; attention/working memory; abstraction/ex-
ecutive; memory; speed of information processing; sensory-perceptual,
motor skills) as used in the standard established HAND literature cri-
teria. Incorporating a large sample size, additional components of
HAND literature criteria and a follow up study with working memory
training (Chang et al., 2016) may provide a comprehensive under-
standing of the functional brain changes in these patients.

6. Conclusion

In summary, we observed significantly altered ALFF and FC in au-
ditory, visual, language, motor and sensory networks in HIV-infected
children. These changes were correlated with waning cognitive func-
tions. The current findings suggest that HIV affects the brain's SNA and
FC in pediatric patients, which may have a significant impact on the
neurodevelopment and cognitive functioning.
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