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Brain activity in well-controlled perinatally human
immunodeficiency virus-infected young adults:
a functional magnetic resonance imaging pilot study

Manuela Martin Bejarano-Garcia, Beatriz Ruiz-Saez, Berta Zamora, Ana Martinez de Aragén,
Cristina Garcia-Navarro, Santiago Jiménez de Ory, Carlos Velo, José T. Ramos, Talia Sainz,
Luis Escosa, Noemi Nufiez-Enamorado, Christian Stephan-Otto, M. Luisa Navarro,

M. Isabel Gonzalez-Tomé

Introduction and aim. Perinatal transmission of human immunodeficiency virus (PHIV) is considered a chronic disease
that has highlighted several cognitive deficits. From birth to earlyadulthood, cognition is known to play a fundamental
role. However, although neurocognitive processes associated with PHIV have been extensively described by psychometric
testing, data is scarce on neural activity from functional magnetic resonance imaging (fMRI) which provides in vivo

physiological information.

Subjects and methods. We studied described impaired cognitive processes using fMRI on a group of PHIV adolescents
with good immunovirological indications and healthy matched controls. Psychological status and neurocognitive functions

were also assessed.

Results. There were no significant differences between HIV+ and HIV—groups, either on neurocognitive testing nor in fMRI
activity for phonological fluency tasks.Prolonged duration of cART was positively associated with greater brain activity in
left inferior frontal gyrus (LIFG) which could indicate functional compensation.

Conclusions. These results suggest that neural activity through fMRI in PHIV adolescents with good daily functioning and

good immunovirological control may be similar to theirpeers.
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Introduction

Perinatally acquired Human Immunodeficiency Vi-
rus (PHIV) remains a challenge worldwide. It is well
known that HIV is a neurotropic virus that can se-
verely affect the central nervous system (CNS) [1].

In light of new advances in antiretroviral thera-
py (ART), some manifestations like encephalopa-
thy have decreased dramatically and although the
expectation and quality of life (QoL) of patients
with HIV infection has improved, new challenges
and uncertainties remain.

The presence of neurocognitive deficits has been
described in adult and pediatric patients [2,3].
Where infection of the CNS occurs in children the
effect on the developing brain could have a greater
impact. In this respect, problems in school perfor-
mance and adaptive functioning have been de-
scribed in PHIV patients [4,5]. Cognitive deficits
most frequently affect executive functions and at-
tention [6].

www.neurologia.com  Rev Neurol 2021; 72 (10): 343-351

However, since the real etiology of these find-
ings remains challenging, many factors could be
implicated, making it difficult to establish the im-
pact of each one on global development. Malnutri-
tion, prematurity and being exposed to drugs dur-
ing pregnancy should also be taken into account as
their negative impact on neurodevelopment is well
known [7]. In addition, neurocognitive deficits have
been linked to an impairment in the quality of life
and treatment adherence [8].

This explains why in recent years, multiple stud-
ies in HIV patients have combined Neurocognitive
Testing (NT) with functional Magnetic Resonance
Imaging (fMRI) [9], a technique that involves mea-
suring real-time activation of brain systems. For in-
stance, when a task is performed, increased neural
activity is associated with metabolic demands that
are coupled with a compensatory delivery and con-
sumption of glucose and oxygen. The Blood Oxy-
gen Level Dependent (BOLD) fMRI signal reflects
this complex combination of changes in cerebral
blood flow, cerebral metabolic rate of oxygen con-
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sumption, and cerebral blood volume [10]. This
technique allows for direct insight into the neural
systems that can be disrupted during cognition [11].

Nevertheless, data in children and adolescents
with PHIV are very scarce and to our knowledge
there are no studies available on performing task-
related fMRI in PHIV adolescents who were born
in the pre-cART era.

Our aim was to study neural activity patterns
using fMRI on a group of PHIV adolescents with
good cognitive and daily functioning and good im-
munovirological control compared with a strictly
matched group.

Subjects and methods

Study population (inclusion criteria, exclusion
criteria)

Twenty right-handed adolescents and young adults
from 16 to 25 years of age were included in the
study (10 with HIV infection and 10 HIV negative
peers). All were matched by age and educational
level (1 years of school). HIV patients were re-
cruited from those who have good current immu-
novirological control defined as CD4 > 25% plus
undetectable viral load (VL) for at least the last 5
years with good adherence to treatment and stable
cART for more than one year. Participants were ex-
cluded if they presented: a) encephalopathy or AIDS
category C3; b) history of active illegal drug con-
sumption during pregnancy; c) coinfection with
hepatitis C virus (HCV); d) psychiatric disease, drug
or alcohol abuse; e) prematurity, and f) poor per-
formance with daily living activities. Clinical status
was confirmed by medical records. Cognitive, psy-
chological and QoL data were only included when
administered within six months of fMRI scanning.

Following the recruitment of participants and
written informed consent obtained from partici-
pants (or from a parent or guardian if the partici-
pant was a minor) standard protocol approvals and
registrations were obtained. ethical approval was
obtained from the ethics committee of every par-
ticipating hospital. This study was conducted from
January 2015 to April 2017. The study is adhered to
the Helsinki Declaration.

Disease markers in PHIV youth

In relation to the control of the infection different
variables were obtained from CoRISpe database
(Cohort of the Spanish Pediatric HIV Network).

This network has collected epidemiological, clini-
cal, immunovirological and antiretroviral from
HIV-infected children and adolescents, with follow-
up in Spanish pediatric units since 2008, as well as
retrospective data from children since 1995. Note-
worthy among the variables included were: time of
undetectability (defined as number of years with a
maintained HIV viral load < 50 cop/mL), CDC clas-
sification, total numbers and percentages of CD4
nadir and current CD4 viral load, CD4 / CD8 ratio,
ART history and adherence to treatment.

MRI acquisitions

Images were acquired with a Philips Achieva 1.5T
with a 8Ch SENSE head coil. Echo-planar imaging
(TR/TE/flip angle = 3000 ms/50 ms/90 degrees,
matrix size = 64 x 64, field of view = 230 x 230) of
the brain was performed. A spatial resolution of 3,59
x 3,59 x 4 mm was obtained by acquiring 28 AC—
PC aligned axial slices, 4 mm thickness, with no
slice gap.

For the study of brain morphology, a T1-weighted
structural scan was acquired (sagittal slices to cover
the entire brain, FOV 250 x 250, TR = shortest, TE
= shortest, flip angle = 8 deg, 1.1 x 1.1 x 1.2 mm
voxel size).

fMRI task

On the day of the scanning, subjects performed a
brief training session of a shortened version of the
paradigm outside of the scanner to ensure com-
plete understanding. All participants indicated that
they understood the task requirements.

A verbal fluency task containing a letter-word
was used to measure prefrontal brain activation as-
sociated with executive function. We used a block
design involving presentation of an activation
(phonological fluency task) condition for 30 s and a
control condition (repetition) for 30 s. This cycle
was repeated five times over the course of 5 min
and 18 s during which 100 EPI volumes were ob-
tained. Participants were cued by auditory presen-
tation of a letter (i.e., ‘A; ‘S] ‘C’) to generate as many
different words as possible beginning with that let-
ter. Both groups were instructed to ‘think’ rather
than vocalize the generated words for each trial, so
the participants remained in silence during the task
and control condition. For the control condition,
participants were instructed to repeat constantly
the word ‘cosa; (‘thing’).

Participants from both groups reported that
they were able to perform both tasks in the scanner
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without difficulty. In addition, six dummy scans
were acquired at the beginning of each task to al-
low for T, equilibrium processes.

Cognitive functioning

All participants underwent N'T, evaluating intelli-
gence Kaufman Brief Intelligence Test Spanish ver-
sion (K-BIT [12]), attention and processing speed
(WAIS-IV-Digit Span-Forward [13], Trail Making
Test A [14], WAIS-IV-Coding [13]), executive func-
tion (Trail Making Test B [14], Phonological and
Semantic Verbal Fluency [15], Luria-DNA Battery-
Attention Control subtest [16], WAIS-IV-Digit
Span- Backward-Sequencing [13]) and motor skills
(Finger Tapping Test [17]).

Psychological symptoms, sleep quality and quality
of life assessment

All patients were evaluated by a clinical psycholo-
gist with experience in the diagnosis of psychologi-
cal disorders. The questionnaires used were:

— State-Trait Anxiety Questionnaire, STAI [18].
Evaluates the current level of anxiety and the
predisposition of the person to respond to stress.

— Depression Inventory of Beck, BDI [19]. 21-item
self-report instrument designed to assess the se-
verity of depressive symptomatology.

— SF-36 Health Questionnaire [20]. Self-report
questionnaire to evaluate health-related CV. It
values 8 dimensions: Physical Function, Social
Function, Physical Role, Emotional Role, Mental
Health, Vitality, Corporal Pain, General Health.

— The Pittsburgh Sleep Quality Index, PSQI [21].
Self-administered questionnaire that evaluates
the quality of sleep and alterations in a time in-
terval of 1 month.

Data analysis

Demographic, clinical, cognitive and psychologi-
cal assessment

Results were expressed as mean and standard devi-
ation (SD) for quantitative variables, except demo-
graphical and immunological results. These were
expressed as median and interquartile ranges
(IQR). Qualitative variables were expressed as fre-
quencies and percentages. To compare categorical
variables Pearson y2 or Fisher exact tests were used,
whereas quantitative variables were compared us-
ing the Mann-Whitney U test. All tests with a p
value less than 0.05 were considered statistically
significant. Raw scores on NT and psychological
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assessment were transformed into Z-scores, using
the test normative data provided by the manufac-
turers [12-21] adjusted for age (all tests), years of
education (Finger Tapping Test and Luria) and race
(Finger Tapping Test), by subtracting the mean and
dividing by the SD of test scores based on a nation-
al reference population.

Statistical analysis was performed using IBM Sta-
tistical Package for the Social Sciences (IBM SPSS
Statistics, v.24) (SPSS, Chicago, IL, USA).

JSMRI

Functional acquisitions were preprocessed using FSL
(FMRIB’s Software Library, www.fmrib.ox.ac.uk/fsl)
version 5.0. The analysis protocol consisted in the fol-
lowing: Structural T,-weighted volumes were skull-
stripped with FSLs bet function. Functional images
were processed with FSL's FEAT feature, with the
following options: 100 s high-pass filter cutoff, mo-
tion correction with MCFLIRT (using the Standard
Motion Parameters option), spatial smoothing with
a Full Width at Half Maximum value of 8 mm. Brain
extraction of functional images with bet. Function-
al series were linearly registered to each subject’s T
image using the BBR algorithm, then, individual
structural images were linearly registered to MNI
standardized space using 12 degrees of freedom.

A general linear model was constructed in which
experimental conditions were modeled with
blocks. A gamma function convolution of the hae-
modynamic response function was employed, add-
ing its temporal derivative to the statistical model.
Two contrasts were constructed: ‘finger motion +
touching tips versus rest, for the finger motion
task; and ‘word generation versus word repetition’
for the phonological fluency task.

Group differences in brain activity were assessed
by means of a two sample t-test. Then the control
and patient groups were entered together in a one
sample t-test to elucidate common brain activity. A
Z > 2.3 voxel-level threshold followed by a family-
wise error corrected cluster significance threshold
p < 0.05 were applied to all tests [22]. The correla-
tion between clinical measures and brain activity
scores extracted from activation peaks was then as-
sessed by means of Spearman tests.

Results

Demographic, cognitive, psychological and clinical
measures

Twenty subjects were assessed (60% females, 75%
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Table I. Demographic and behavioral characteristics of participants.

Patients Controls p value
Demographic Characteristics n (%) n (%)
Caucasian 8 (80%) 7 (70%) 0.356
Born in Spain 8 (80%) 8 (80%) 1
Age at assessment in years (median, IQR) 19 (17-22) 20 (17-21) 0.854
Female gender 7 (70%) 5(50%) 0.361
Currently working 3(30%) 0 (0%) 0.211
Exercise regularly 6 (60%) 8 (80%) 0.403
Good sleeper 7 (70%) 4 (40%) 0.178
Single 6 (60%) 4 (40%) 0.398
Years of education (median, IQR) 11 (10-12) 12 (10-12) 0.371
Cognitive measures Mean (SD) Mean (SD)
1Q —-0.017 (0.54152) —0.069 (0.53276) 0.97
Processing speed and attention —0.226 (0.75948) —0.172 (0.68855) 0.85
Executive function —0.033 (0.52493)  —0.094 (0.48356) 0.821
Phonological verbal fluency —0.167 (0.7589) —0.535 (0.50112) 0.309
Fine motor skills 1.8 (0.57246) 1.961(0.31519) 0.405
Finger tapping test (dominant hand) 2.088 (0.59503) 0.595 (0.2203) 0.307
Psychological testing Mean (SD) Mean (SD)
STAI- Trait 0.021(1.46827) —0.246 (0.91895) 0.405
STAI- State —0.544 (0.88425) -0.787 (0.84363) 0.762
SF-Physical functioning 1.034 (0.07589) 0.979 (0.23154) 0.914
SF- Role functioning-physical 0.905 (0.77476) 1.089 (0.1929) 0.942
SF-Role functioning-emotional 0.43 (0.7969) 0.594 (0.77792) 0.33
SF-Energy fatigue 0.416 (0.78155) 0.885 (0.7585) 0.159
SF-Emotional well being —0.291(0.98293) 0.219 (0.74314) 0.222
SF-Social functioning 0.389 (0.63048) 0.585 (0.77476) 0.102
SF-Pain 0.531(0.68125) 0.944 (0.5288) 0.042
SF-General health 0.783 (1.08395) 0.995 (1.0368) 0.732
SF-Health change 0.143 (0.9224) 0.361(0.89386) 0.491
BDI (% normal) 6 (60%) 8 (80%) 0.232

BDI: Depression inventory of Beck; IQR: interquartilic range; SD: standard deviation; SF: Short Form-36, STAI:

State Trait Anxiety Inventory.
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Caucasians, 80% were born in Spain) with a median
age of 19 years old (IQR 17- 21.7) and median num-
ber of years of education 11.5 (IQR 10-12). No sig-
nificant differences were found between groups for
sociodemographic characteristics (all p > 0.05).

Except for the Pain subscale in SF-36 (p = 0.042),
no differences attained significance in SF-36 Health
Questionnaire. The majority of our patient group
were considered ‘good sleeper’ (70%) and the 60%
presented BDI results within the average range,
without finding significant differences among
groups. With regard to STAI, patients and healthy
controls presented similar results in both, Trait and
State subscales (p = 0.405, p = 0.762, respectively).
Based on the Frascati criteria, we confirm that
100% of the PHIV subjects had average NT results
(none of the patients presented more than 1 Z
score between —1 and —1.99) (Table I).

Regarding HIV patients, their median CD4
numbers were 780 cel/mm?3 (IQR 580-1056) and
the median percentage of CD4 nadir was 14.5%
(IQR: 13.2-18). Median CD4/CD8 ratio was 1.0
(IQR: 0.78-1.20). The median number of years on
cART was 13.7 years (IQR: 9.6-15.8). Regarding
type of cART, three patients were on non-nucleo-
side reverse transcriptase inhibitors (NNRTIs), five
patients on protease inhibitor (PI) and two patients
were receiving PI + integrase inhibitor (II), all in
combination with two nucleoside reverse tran-
scriptase inhibitors (NRTIs). Equally median num-
ber of years with undetectable VL was 9.5 years
(IQR: 5.9 -11.7) (Table II).

fMRI findings

A total of 20 subjects underwent fMRI. Functional
series from 20 participants were available for flu-
ency task analysis.

For the between group comparisons no activa-
tion clusters were observed for any of the contrasts
considered. From the whole sample analysis, the
‘finger motion + touching tips versus rest’ contrast
resulted in activation clusters located at the left
motor cortex (LMC; MNI coordinates: —36, —34,
50), right cerebellum (RC; 8, —54, —10), intrapari-
etal sulcus (IS; 34, —44, 40) and ventral premotor
cortex (VPC; 60, 6, 38) (Figure 1a). For the phono-
logical fluency task, the ‘word generation versus
word repetition’ contrast lead to a significant acti-
vation cluster in the left inferior frontal gyrus (IFG;
-50, 12, 30 (Figure 1b). In the verbal fluency task,
within the PHIV group prolonged time on cART
was observed to be positively associated with
greater activity at the LIFG activation peak (r =
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0.648, p = 0,043) (Figure 2). There were no signifi-
cant associations between recent or nadir CD4
count and activity at the cluster peaks in this task.

Discussion

Currently the primary method to evaluate neuro-
cognitive disorders is NT. However, to better un-
derstand the effects of HIV infection on the CNS, it
is necessary to know which brain structures are
mainly involved, justifying the importance of neu-
roimaging.

In our study we evaluated neural activity
through BOLD fMRI in a group of adolescents with
good daily functioning and good immunovirologi-
cal control although there were not treated with ef-
fective antiretroviral treatment early in life.

Our results showed that there were no signifi-
cant differences between HIV+ and HIV- groups
either on NT nor in fMRI activity for verbal phono-
logical fluency tasks. In addition, psychological
variables taken in account, finding no differences
between groups. This is significant, as previous
studies have shown that psychological disorders
are often associated with HIV infection, which
could affect their quality of life [23-26].

Our methodology included a phonological flu-
ency task in which the region primarily involved
was the left IFG as it has been previously described
as one of the most prominent functional nodes for
phonemic verbal fluency [27-30]. Interestingly, nei-
ther have we found differences of activation be-
tween groups, highlighting the importance of good
immunovirological control in PHIV patients de-
spite the widely described literature about execu-
tive deficits [31-34]. Furthermore, our findings of
PHIV+ individuals with more years on cART pre-
senting greater left IFG activation during this task
is consistent with our knowledge of functional
compensation, suggesting that this structure may
be important for successful phonemic fluency per-
formance. Similarly, it has been reported by Thames
et al [11], that recent CD4 + count was positively
associated with greater percent signal change in the
left IFG and left basal ganglia during the phonemic
fluency task.

In contrast, other studies of neural activation
during verbal fluency tasks and in HIV infected
adults have reported differences between HIV pa-
tients and seronegative controls, finding greater ac-
tivation on the HIV group [11], but most of these
studies have not taken in account the immunoviro-
logical status, since not all patients were not on
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Table IL. Clinical features of PHIV participants.

STAGE B (n, %)

9 (90%)

(D4 Median and IQR (cls/mm3)

781(588-781)

(D4 Median and IGR (%)

38 (33-40)

NADIR CD4 cells/mm3 (median, IQR)

222 (123-388)

NADIR CD4 % (median, IQR)

14.5 (13.2-18)

Median age at HIV diagnoses 2.7 (0.3-6.3)
Median age at start ART 5.2 (1.4-6.9)
Median age at the start of cCART 7.2 (4.3-11.1)

Time of treatment with ART

14.1(11.1-16.5)

Antiretroviral therapy ) .
Time of treatment with cART

13.7 (9.6-15.8)

Median number of ART regimens 6 (5-8)

Median number of cART regimens in years 6 (4-8)

(median, IQR)

Time of viral load <50 cop/mL (years) 9.5 (6-11.8)
Current treatment situation Good adherence to treatment (n, %) 10 (100)

CART: combined antiretroviral therapy; IQR: interquartilic range.

cART. In addition, comparative data on fMRI while
engaged tasks in our study’s population is absent,
making the interpretation of results difficult.

In our study, the absence of differences between
groups might be due to the careful selection of pa-
tients with good immunovirological control. Those
patients who are young adults, have been on cART
for more than half their life (median of 13.7 years)
and with persistent undetectable viral load (medi-
an of 9.5 years). Moreover, although in our cohort,
patients were not commonly treated in the first
year of life with cART, which seems an important
protector of the CNS as some studies have shown
[35] the absence of differences could be due to the
fact that these patients have shown a good immu-
novirological control which could also protect the
CNS. Therefore, two issues have been described in
many articles as relevant factors to prevent neuro-
cognitive impairment due to HIV infection. The
first one seems to be the early initiation of antiret-
roviral treatment, however, not all studies have
shown the same results. In this line, Crowell et al
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Figure 1. Patterns of brain activation (all participants) during “finger motion + touching tips vs rest (a) and during letter retrieval (b, ‘words from
letter vs word repetition’). Images are presented using the neurological convention (the right side of the depicted brain is the right side of the

reader).

[36] have reported that virologic suppression dur-
ing infancy or early childhood is associated with
improved neurocognitive outcomes in school-aged
PHIV+ children and similar results were found by
Judd et al in their study [37]. Furthermore, with re-
gard to the influence of antiretroviral therapy as a
measure to control the HIV infection, and accord-
ing to our results, a recent study showed better
neurocognitive performance among those HIV
children who initiated soon and showed longer du-
ration of ART [38]. In other studies, no differences
have been seen in children’s cognition in relation to
age of antiretroviral treatment (ART) initiation [4].
The second factor described in many studies, is the
positive influence of the immunovirological con-
trol on CNS [39].

The principal strength of our study is that it is
the first one measuring neural activity in well- con-
trolled PHIV patients, through phonological verbal
fluency tasks. In addition, not only cognitive and
neuroimaging has been done but also neuropsychi-
atric sleep disorders and quality of life variables
have been recorded.

However, this conclusion needs to be taken with
caution as this study has several limitations. As a
pilot study our goal was hypothesis generating not
hypothesis testing; our very limited sample size de-
creases the statistical power. Nevertheless this
point has been partially compensated in someway
by the selection of a strictly matched peer group
with a very complete evaluation that includes HIV
data and neurocognitive plus psychological evalua-
tion as it was already referred Moreover, the study
includes patients that belong to the preHAART era

who have had a good immunovirological control
for long. Luckily, thanks to the great improvements
in the diagnose and treatment of HIV infection,
currently, this population is uncommon and there-
fore this makes this group unique. Although we
have measured emotion alterations such as depres-
sion or anxiety, other factors could influence the
results since it is known that chronic illness and a
parent’s psychological status can alter adolescence
[40,41]. Moreover, the images of our study were ac-
quired in a 1.5T which could limit the results by no
detecting more subtle alterations than for example
a 3T could detect.

Finally, another important limitation would be
that only verbal fluency has been evaluated, while
other cognitive deficits that typically affect to PHIV
population, such attention or memory defects have
not been explored in our study.

Conclusions

Although future research is needed to explore the
generalisationality of these findings, our study may
demonstrate that more efficient suppression of
CNS HIV replication by using effective cART in
PHIV patients could most likely reduce the meta-
bolic demand in the brain where HIV is replicating.
This means that an average neurocognitive profile
could be related to good immunovirological con-
trol in PHIV patients, knowing that other non-
studied factors could be also implicated.

Even though the exact mechanism governing
brain recovery remains unknown, our findings
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seem to suggest the implementation of compensa-
tory mechanisms, indicating the potential benefit
of early achievement of good immunovirological
control and avoiding neurocompromise.
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Actividad cerebral en jévenes infectados por el virus de la inmunodeficiencia humana por transmision
vertical: estudio piloto de resonancia magnética funcional

Introduccion y objetivos. La infeccidn por el virus de la inmunodeficiencia humana de transmision vertical (VIH-TV) consti-
tuye una enfermedad crénica que puede asociar multiples alteraciones cognitivas que pueden influenciar el desarrollo de
estos pacientes desde la infancia a la vida adulta. Sin embargo, aunque las alteraciones neurocognitivas vinculadas al
VIH-TV estan ampliamente descritas y valoradas mediante pruebas psicométricas, no existen apenas estudios de actividad
neuronal medida a través de la resonancia magnética funcional (RMf).

Sujetos y métodos. Analizar la utilidad de la RMf a través de la realizacién de tareas motoras y de fluidez verbal en un
grupo de adolescentes y jovenes con VIH-TV con buen control inmunoviroldgico y compararlo con un grupo control nega-
tivo de caracteristicas similares. Se evaluaron también alteraciones psicoldgicas y funciones neurocognitivas.

Resultados. No se encontraron diferencias significativas entre el grupo VIH+ y el grupo control para las tareas ejecutadas
durante la RMf ni en la evaluacién neurocognitiva. Un mayor tiempo de terapia combinada antirretroviral se asocié de
forma directa con una mayor actividad en el giro frontal inferior izquierdo, lo cual podria indicar una posible compensa-
cién funcional.

Conclusiones. Estos resultados sugieren que la actividad neuronal medida a través de la RMf en adolescentes con VIH-TV y
buen control inmunoviroldgico es similar a la de sus pares.

Palabras clave. Adolescentes. cART. Fluidez. Neuroimagen. RMf. VIH perinatal.
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