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INTRODUCCION

Una de las consecuencias mas importantes de la infeccion por el Virus de la
Inmunodeficiencia Humana (VIH), es su impacto sobre el sistema nervioso central
(SNC). Tras la introduccion del tratamiento antirretroviral combinado (TAR) las
complicaciones neurologicas severas, incluida la encefalopatia, se han reducido de
forma considerable, pero todavia hay pacientes que experimentan alteraciones

neurocognitivas relevantes asociadas al VIH.

Por otro lado, se ha descrito una penetrancia limitada de los antirretrovirales a
través de la barrera hematoencefalica, o que permitiria al SNC actuar como
reservorio. Por ello, es esencial entender como el VIH puede mediar en el desarrollo
cerebral, y asegurar la deteccién temprana de posibles alteraciones neurocognitivas.
Y para ello, en los ultimos afios se han desarrollado una variedad de novedosas
técnicas de neuroimagen en las que apoyarse. De la misma forma, mdltiples

biomarcadores de SNC han sido analizados.

OBJETIVOS Y METODOLOGIA

En relacion a todo ello, el objetivo principal de este trabajo de investigacion fue
analizar posibles alteraciones a nivel de SNC en un grupo de pacientes adolescentes
y adultos jévenes con VIH, infectados por transmisidén vertical, pertenecientes a la
Cohorte Nacional Pediatrica de VIH (CoRISpe), a través de la realizacion de un estudio
multicéntrico transversal mediante: 1) la evaluacion de pruebas neurocognitivas; 2)
realizacion de técnicas de neuroimagen; 3) medicibn en plasma de un fiable
biomarcador de lesiéon neuronal, conocido como neurofilamento de cadena ligera

(NFL).
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Resumen

De forma especifica, realizamos un estudio de evaluacion neurocognitiva y
pruebas de neuroimagen mediante técnicas de RM estructural con la finalidad de
evaluar el grosor de la corteza cerebral y volimenes subcorticales de sustancia gris
en pacientes de 5 hospitales de Madrid, y los comparamos con un grupo control sin
VIH pareados por edad, sexo, nivel educativo y socioeconémico. A su vez, estudiamos
el efecto del VIH sobre los volimenes regionales a nivel de los ganglios basales,
siendo la principal hipotesis que el grupo VIH de transmision vertical (VIH-TV)
mostraria menor desarrollo de los volumenes cerebrales y un mayor adelgazamiento
cortical, y por otro lado que un peor control inmunovirolégico, se asociaria a un menor

volumen de los ganglios basales en los pacientes con VIH-TV.

Con el fin de unificar la informacién sobre los estudios de neuroimagen
realizados en pacientes VIH-TV y asi evaluar que regiones cerebrales parecen estar
mas afectadas en este grupo de poblacion, realizamos una revision sistematica de los
estudios que habian utilizado las principales técnicas de neuroimagen: la RM
estructural (que engloba la RM volumétrica y la RM por tractografia o imagen por
tensor de difusién) y la RM funcional. A su vez, recogimos las variables clinicas y
sociodemogréaficas que se habian tenido en cuenta a la hora de realizar dichos

estudios.

Por otro lado, evaluamos los patrones de actividad neuronal usando la
resonancia magnética funcional (RMf) a través de la realizacidon de tareas motora y de
fluidez verbal, en un grupo de adolescentes VIH-TV con buen control
inmunovirolégico, y adecuadas funciones cognitivas y funcionales, comparandolo con
un grupo control no VIH de caracteristicas similares. Se evallo también la posible

existencia de alteraciones psicoldgicas en estos sujetos.
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Por ultimo, en un grupo de pacientes pertenecientes a CoRISpe, analizamos
las concentraciones plasmaticas del neurofilamento de cadena ligera y las
comparamos con un grupo sin VIH. Para su realizacion se almacenaron las muestras
en el Biobanco de VIH perteneciente al Hospital Gregorio Marafion, y posteriormente
enviadas al laboratorio de Neuroquimica de la Universidad de Gothemburg (Suecia)
para la determinacion de los niveles de NfL mediante la realizacion de un
inmunoensayo con la técnica Simoa HD-1 Analyzer (Quanterix, Billerica, MA). De
forma secundaria, en un subgrupo de participantes con VIH-TV, se llevé a cabo un
sub-estudio en el que se exploraron posibles correlaciones entre las concentraciones
de NfL y los volimenes de sustancia blanca y pruebas neurocognitivas. Es el primer
estudio que analiza dicho biomarcador en poblacion VIH-TV, pues no existe hasta la
fecha ningun estudio publicado en poblacion pediatrica o adolescente, Unicamente

algun estudio realizado en poblacion adulta con infeccién por VIH.

RESULTADOS

Efectos de la infeccion perinatal por VIH sobre el grosor cortical y volimenes

subcorticales de sustancia gris en adultos jovenes.

Se incluyeron 50 participantes en el estudio de neuroimagen y evaluacion
neurocognitiva (25 pacientes con VIH-TV y 25 controles sin VIH) con una mediana de
edad de 20 afios (RIQ 19-23). No se encontraron diferencias en los tests
neuropsicoldgicos, ni en los tests neurocognitivos (TNC). Sin embargo, el estudio de
neuroimagen mostré que el grupo con VIH-TV presentaba un adelgazamiento cortical
en diferentes regiones: giro fusiforme izquierdo (p =0.000) y derecho (p=0.009); giro

lateral-orbitofrontal izquierdo (p= 0.006) y derecho (p= 0.024); y en el giro parsorbitalis
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Resumen

derecho (p=0.047). Respecto a los volimenes subcorticales de sustancia gris, los
pacientes con VIH-TV mostraron un menor volumen a nivel de amigdala derecha
(p=0.014) y putamen izquierdo (p=0.016) al compararlos con el grupo control VIH-.
Dentro del grupo VIH-TV un mayor recuento de CD4 fue asociado con un mayor
volumen a nivel del putamen derecho (p=0.047). Paradéjicamente un inicio tardio de
del TAR y un nadir de CD4 mas bajo fueron asociados a un mayor volumen a nivel del
nacleo accumbens izquierdo (p = 0.033, p = 0.0045). No se encontraron diferencias

en volumenes cerebrales subcorticales o grosor cortical a nivel total.

Revisiéon sistematica de estudios de resonancia magnética en pacientes VIH

infectados por transmision vertical.

La Revision Sistemética de los estudios de neuroimagen realizados en
poblacion VIH-TV mostré que en el momento del analisis habian sido publicados 26
estudios (23 de RM estructural y 3 de RM funcional) que incluyeron un total de 1182
participantes con VIH-TV. Esta revision encuentra de forma consistente una amplia
evidencia de que los pacientes con VIH-TV presentan un menor volumen en regiones
de sustancia gris, un menor grosor cortical, menor desarrollo de los giros o
circunvoluciones y en la tractografia se observa una disminucién del indice FA
(anisotropia fraccional) con un aumento de MD (difusividad media) indicando
alteracion en la integridad de la sustancia blanca. Por otro lado, los datos preliminares
sugieren que la RM funcional en reposo es lo suficientemente sensible para detectar
alteraciones funcionales en este grupo de poblacion. Sin embargo, la mayoria de los
estudios no recogen datos basicos que tienen gran importancia en el desarrollo

cerebral, como son el nivel socioeconomico y educativo, el uso de drogas, y las
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caracteristicas de los pacientes VIH incluyendo edad al diagnéstico, edad al inicio del

TAR, clasificacion CDC, y la asociacion o no de encefalopatia u otras comorbilidades.

Medicién de la actividad cerebral a través de la RM funcional en jévenes VIH

infectados por transmision vertical.

En el estudio de activacion neuronal mediante la realizacion de RMf, 20 sujetos
fueron evaluados, 10 pacientes VIH-TV y 10 controles VIH negativos (60% mujeres,
75% caucasicos) con una mediana de edad de 19 afios (RIQ 17-21.7) y una mediana
de numero de afios de educacion de 11.5 afios (RIQ 10-12). Los dos grupos no
mostraron diferencias significativas en las caracteristicas sociodemograficas (p > 0.05
para todas las variables). Pudo realizarse analisis de fluidez verbal a todos los sujetos,
y andlisis de tarea motora a 18 participantes. Para la comparacién entre grupos no se
observo activacion de clusters para ninguno de los contrastes considerados. Para el
andlisis completo, el movimiento de dedos mostré la activacion de los clusters
localizados en en Cortex Motor Izquierdo (LMC; MNI coordinadas: - 36, -34, 50),
Cerebelo Derecho (RC; 8, -54, -10), Sulcus Intraparietal (I1S; 34, -44, 40) y Cortex
Premotor Ventral (VPC; 60, 6, 38). Durante la realizacion de la tarea de fluidez verbal
(“generacion de palabras versus repeticion de palabras”) se observo la activacion de
los clusters localizados en el Giro Frontal Inferior I1zquierdo (GFII; -50, 12, 30). Los
sujetos con VIH-TV mostraron que con mas tiempo de TAR presentaban mayor

activacion de GFll durante la tarea de fluidez verbal (r=.648, p=0,043).

Evaluacion del neurofilamento de cadena ligera como biomarcador de lesion

neuronal en pacientes VIH de transmision vertical.
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Resumen

Finalmente, al analizar las concentraciones plasmaticas del Neurofilamento
de cadena ligera, como biomarcador de dafio neuronal, no se encontraron
diferencias estadisticamente significativas entre pacientes y controles, pero se
observo que aquellos pacientes con mala adherencia al TAR y carga viral detectable
presentaban niveles mas elevados de NfL (pNfL 9.19, DE 5.18) al compararlos con
pacientes indetectables (pNfL 6.6 pg/ml, DE 4.15) o con el grupo control (pNfL 5.29
pg/ml, DE 1.75) con un valor de p cercano a la significacion (p = 0.059). Respecto a
la correlacién de NfL con tests neurocognitivos y volimenes cerebrales en el grupo
VIH, se observd una correlacion negativa, al encontrar que los pacientes con menor
volumen de sustancia blanca en ciertas regiones cerebrales y un score mas bajo en
los tests neurocognitivos (Digit Symbol-Coding subtest), fueron asociados con una
mayor concentracion de NfL en plasma. Con respecto a los voliumenes cerebrales, el
grupo con VIH-TV presentd menores volumenes de sustancia blanca de forma ES a
nivel de cerebelo izquierdo y derecho (p = 0.030, p = 0.028), nucleo accumbens
izquierdo y derecho (p = 0.010, p <0.001), I6bulo occipital izquierdo y derecho (p =
0.020, p = 0.042) y la circunvoluciéon poscentral izquierda (p = 0.022). No se

encontraron diferencias ES en los volimenes totales de sustancia blanca.

CONCLUSIONES

A pesar del buen control de la infeccidon por VIH en pacientes infectados por
transmision vertical se observa un mayor adelgazamiento cortical a nivel temporal,
orbitofrontal y en Iébulos occipitales, asi con un menor volumen regional de sustancia
gris a nivel subcortical, no estando clara la posible traduccién clinica de estos
resultados. Sin embargo, estos hallazgos apoyan que los estudios de neuroimagen

podrian ayudar a detectar alteraciones neuroldgicas de forma mas precoz, aun cuando
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las evaluaciones psicométricas sean normales. Ademas, se requiere la realizacion de
estudios longitudinales que permitan determinar las implicaciones futuras de dichas

alteraciones cerebrales observadas a edades mas tempranas de la vida.

Los estudios de neuroimagen evidencian una clara alteracion en el desarrollo
cerebral de la poblacién con VIH-TV, pero no hay consenso sobre que estructuras
cerebrales estarian mas afectadas, y la inclusion de datos relacionados con el VIH
(incluidas las caracteristicas clinicas, inmunovirologicas y la informacion detallada del
TAR) puede ser de vital importancia para entender mejor el impacto de la enfermedad

en el SNC.

El estudio de RMf no encuentra diferencias en los patrones de activacion
neuronal en un grupo de pacientes VIH-TV con buen control inmunovirologico, y un
grupo control sin VIH, sugiriendo que una supresion de la replicacién del VIH en el
SNC mediante el uso temprano y duradero de TAR, podria reducir la demanda

metabolica cerebral.

Por ultimo, el primer estudio que ha medido las concentraciones plasméaticas
de NfL en pacientes con VIH-TV, muestra valores méas elevados en pacientes con mal
control virolégico, pudiendo indicar un mayor dafio neuronal en este grupo de
pacientes y concluye que, este método ultrasensible, es un biomarcador fiable y

accesible, evitando la realizacion de una puncion lumbar para su medicion.
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BACKGROUND

One of the most important consequences of HIV infection is its impact on the
CNS. Fortunately, cases of HIV encephalopathy and severe neurological
complications have been reduced considerably after the introduction of combined
antiretroviral treatment (CART). However, many patients continue to experience
different degrees of HIV-associated neurocognitive disorders (HAND). Additionally,
some authors have described limited penetration of cCART in the CNS allowing the brain
to act as a viral reservoir and making the infection of CNS a generalized condition of
HIV patients. It is therefore essential to understand how HIV and cART might mediate
in brain development, and to ensure an early detection of HAND. For these purposes,
a variety of novel, non-invasive, neuroimaging techniques and CNS biomarkers have

been developed to support the quantitative characterization of the brain structure.

AIM AND METHODS

Taking in account all these factors and the previous results the present study
attempts to determine CNS alterations in a group of adolescents and young adults with
perinatal HIV infection addressed to CoRISpe (Spanish National Cohort of Pediatric
HIV) group trough a multicentric transversal study that included: 1) neurocognitive
evaluations; 2) functional and structural MRI study 3) plasma measure of a reliable

CNS biomarker known as Neurofilament Light Chain Protein.

Specifically, we performed a cross-sectional study that included a
neurocognitive evaluation and structural MRI techniques to evaluate cortical thickness
and gray matter subcortical volumes, in PHIV patients from 5 pediatric research

centers in Madrid. Those PHIV patients were compared with a control group without
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HIV, matched by age, sex, educational level, and socioeconomic status. Moreover, we
analyzed the effect of HIV on regional grey volumes at basal ganglia. The main
hypothesis would be that the PHIV group would show lower brain volumes and greater
cortical thinning, and on the other hand that those PHIV patients with worse

immunovirological control, would associate lower volumes of the basal ganglia.

Secondly, to unify the information of the neuroimaging studies performed in
PHIV patients and evaluate which brain regions seem to be more affected in this
population group, we carried out a systematic review of the studies that had used the
main neuroimaging techniques: structural MRI (which includes volumetric MRI and
diffusion tensor imaging [DTI]) and functional MRI. We also collected which clinical and

sociodemographic variables had been included and evaluated in these studies.

Moreover, 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.

Finally, in a group of PHIV participants belonging to CoRISpe and a matched
HIV negative control group, pNfL concentrations were compared. To carry it out, the
samples were stored in the HIV Biobank belonging to the Gregorio Marafion Hospital,
and later were sent to the Neurochemistry laboratory of the University of Gothemburg
(Sweden) for the determination of pNfL levels by performing an immunoassay with the
technique Simoa HD-1 Analyzer (Quanterix, Billerica, MA). Secondarily, in a subgroup
of participants, a sub-study was carried out in which correlations between pNfL
concentrations and regional whitte matter brain volumes, and neurocognitive tests

were explored. This is the first study to analyze this biomarker in PHIV population.
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RESULTS

Effects of perinatal HIV-infection on the cortical thickness and subcortical gray

matter volumes in young adulthood.

Fifty participants were included in the neuroimaging and neurocognitive study
(25 PHIV patients and 25 participants without HIV) with a median age of 20 years (IQR
19-23). No differences regarding neuropsychological and neurocognitive tests were
found between groups. Nevertheless, the PHIV-infected patients showed thinner
cortices compared with their peers in different regions: fusiform gyrus left (p =0.000)
and right (p=0.009); lateral-orbitofrontal gyrus left (p= 0.006) and right (p= 0.024); and
right parsorbitalis gyrus (p=0.047). Regarding subcortical GM volumes, PHIV patients
showed lower right amygdala (p=0.014) and left putamen (p=0.016) volumes when
compared with HIV- controls. Within the PHIV group, higher CD4 count was associated
with higher volumes in right putamen (p=0.047). Moreover, increased age at CART
initiation and lower nadir CD4 count was associated with larger volumes in left
accumbens (p = 0.033, p = 0.0045). No significant differences were observed between

groups for total cortical or subcortical brain volumes.

A Systematic Review of Magnetic Resonance Imaging Studies in Perinatally HIV-

Infected Individuals.

The systematic review of the neuroimaging studies in PHIV patients included 26
studies (23 using structural MRI and 3 using fMRI) involving 1182 PHIV-infected
participants. Ample evidence has been provided of reduce grey matter volumes, and
cortical surface area, decreased gyrification, reduction on FA, and increase in MD in

the PHIV-infected group. Furthermore, preliminary data suggest resting state fMRI is
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sensitive to detect functional alterations in this population. However, some of the
parameters that would be determinant in neuroimaging studies are missing, such as
socioeconomic and health conditions, drug use and HIV characteristics including age
at PHIV diagnosis, age at treatment onset, CDC classification, association of

encephalopathy and other medical comorbidities.

Brain activity measured trough fMRI, in well-controlled perinatally human

immunodeficiency virus-infected young adults.

Twenty subjects were assessed (60% females, 75% Caucasians, 80% were
born in Spain) with a median age of 19 years old (IQR 17- 21.7) and median number
of years of education 11.5 (IQR 10-12). No significant differences were found between
groups for sociodemographic characteristics (all p > 0.05). Functional series from 20
participants were available for fluency task analysis and 18 participants were available
for motor task. For the between group comparisons no activation 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), intraparietal sulcus (IS; 34, —44, 40) and ventral premotor cortex (VPC; 60,
6, 38) (For the phonological fluency task, the ‘word generation versus word repetition’
contrast lead to a significant activation 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 = 0.648, p = 0,043)
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Assessment of plasma neurofilament light as a biomarker of neuronal injury in

young adults with perinatal HIV infection.

Finally, when pNfL concentrations were analyzed as biomarker of neuronal
injury, no statistically significant differences were found between patients and controls,
but higher levels of pNfL were found in patients with increased viral load compared
with undetectable patients and controls with a media pNfL of 9.19 pg/ml (SD 5.18) in
patients with detectable viral load vs 6.6 pg/ml (SD 4.15) in undetectable patients and

5.29 pg/ml (SD 1.75) in the control group (p = 0.059).

With regard to brain volumes and NT, in the PHIV group, lower regional white
matter volumes and lower score in the coding subtest were associated with higher pNfL
values. Regarding brain volumes, the HIV infected group had significantly lower
regional white matter volumes in left and right cerebellum (p = 0.030, p = 0.028), left
and right nucleus accumbens (p =0.010, p < 0.001), left and right occipital lobe
(p=0.020, p=0.042) and left postcentral gyrus (p =0.022), but no significant differences

were found in total white matter volumes when compared with the HIV- group.

CONCLUSIONS

Despite good control of HIV infection and no differences in neurocognitive
evaluation, HIV vertically infected patients showed thinner cortices of the temporal,
orbitofrontal, and occipital lobes and lower subcortical GM volumes, although the
clinical significance/translation of these findings is still unclear. These results support
the need to perform complementary neuroimaging studies that could help to detect
more subtle neuroalterations not observed by psychometric evaluations. Moreover,
longitudinal studies are required to determine the clinical impact these alterations on

brain structure.
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The neuroimaging studies provide ample evidence of HIV effects on underlying
brain structure. However, information recorded in the studies is commonly incomplete
and results sometimes contradictory. In addition to future improvements and
dissemination of tools for the developing brain MRI processing and analysis, the
inclusion of data related to HIV infection itself (including clinical and immunovirological
characteristics as well as detailed information about antiretroviral treatment such as
age at ART initiation) may be of vital importance to the better understanding of the
impact of the disease on CNS.

Our results showed that there were no significant differences between HIV+ and
HIV— groups in fMRI activity for verbal phonological fluency and motor tasks suggesting
that more efficient suppression of CNS HIV replication by using effective cCART in PHIV
patients could most likely reduce the metabolic demand in the brain.

Finally, the first study measuring pNfL concentrations in PHIV patients,
demonstrated higher levels in patients with detectable viral load, showing that
persistent viral replication may contribute to neuronal damage and concludes that this
ultrasensitive method to measure pNfL provides an easily accessible biomarker in

perinatally HIV infected patients avoiding lumbar puncture.
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EPIDEMIOLOGIA DEL VIH E IMPACTO EN EL SNC

Se estima que, aproximadamente, 1.7 millones de nifios estan infectados por
el VIH. Gracias a los avances e implementacion de los programas de prevencién de
la transmision vertical de VIH, la tasa de transmisién materno-infantil se ha reducido
un 54% de 2010 a 2020.*

Sin embargo, la cobertura de los servicios para la prevencion de la transmision
vertical se produce de forma desigual y se calcula que siguen infectandose alrededor
de 160.000 nifios/afio. ?

Mientras tanto, en nuestro medio, la poblacion con infeccion por VIH-TV, son
en su gran mayoria adolescentes y adultos jévenes, supervivientes, que se infectaron
antes de la instauracion de dichos programas preventivos, en la era previa al
desarrollo del TAR, habiendo recibido en su gran mayoria, tratamientos
subterapéuticos. Sin embargo, con la llegada del TAR, la esperanza y calidad de vida
en los pacientes con VIH se ha incrementado de forma muy considerable. 3

No obstante, el impacto de la infeccion sobre el SNC y lo sindromes
neurolégicos, continlan siendo un desafio en la practica clinica habitual. Aunque
afortunadamente, los casos de encefalopatia y las complicaciones neuroldgicas
severas se han visto reducidas gracias al inicio del TAR, 4 todavia muchos pacientes
continlan experimentando diferentes grados de alteraciones neurocognitivas
asociadas al VIH.> A este respecto, los pacientes infectados por transmision vertical
son mucho mas vulnerables a la hora de presentar alteraciones neurologicas y
neurocognitivas, debido a que la invasion del virus a sistema nervioso central se

produce en las primeras semanas de vida.®
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FISIOPATOLOGIA DEL VIH EN SNC

La fisiopatologia de la infeccidn por el VIH en el SNC aboga por que el virus
penetra en SNC en las semanas posteriores a la primoinfeccion, lo que conlleva a una
neuroinflamacion e inmunoactivacion. -8 A través de la infeccién de monocitos por el
VIH, éstos atravesarian la barrera hematoencefélica (BHE), produciendo, de forma
indirecta un dafio neuronal mediante la activacion de macrofagos y de la microglia y
un pequefio porcentaje de astrocitos, que favorecerian la liberacién de citoquinas y
otros factores de activacion inmune como el factor de necrosis tumoral o la
interleukina-1 y 6 y quimiocinas como CCL2, CXCL12, radicales libres, 6xido nitroso,
etc. generando mas neurotoxinas. A su vez, las células infectadas liberarian proteinas
virales como Tat y gp120 que activarian méas células del SNC. Todo ello favoreceria
la generacion del dafio y pérdida neuronal (Figura 1).%-10

La elaboracion de factores quimiotacticos, inflamatorios y de neurotoxicidad
perpetuarian el ciclo de la inflamacion cronica a nivel de SNC lo que resultaria en el
dafio neuronal asociado con las alteraciones neurocognitivas asociadas al VIH

(HAND).10
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factores quimiotacticos, inflamatorios y de neurotoxicidad

perpetuarian el ciclo de la inflamacion cronica a nivel de SNC lo que resultaria en el

dafo neuronal asociado

(HAND).10

con las alteraciones neurocognitivas asociadas al VIH

Sin embargo, no esta claro que estas alteraciones inflamatorias y de activacion

inmune, asi como la pr

cerebrales desde el inicio

esencia del virus en el SNC, pueda provocar lesiones

de la infeccién. 11

Durante los siguientes meses, en la mayoria de los casos, el sistema inmune

es capaz de controlar la infeccion a nivel de SNC, pero en caso de no iniciar TAR en

estadios iniciales, se pueden producir alteraciones neuroldgicas muy significativas

como la encefalopatia o la demencia asociadas al VIH.*? De forma adicional, algunos
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autores han descrito una limitacion a la penetracion del TAR en el SNC, permitiendo
al cerebro actuar como un reservorio del virus y haciendo por tanto de la infeccion del
SNC una condicion generalizada para los pacientes VIH.'® En otros casos, diversos
autores han mostrado que ciertos antirretrovirales, como el efavirenz, pueden tener
efectos adversos neuropsiquiatricos. 415

Por tanto, es esencial entender como el VIH y el TAR pueden mediar en el
desarrollo cerebral y asegurar una deteccion temprana de posibles alteraciones
neurocognitivas asociadas al VIH (HAND). Para ello, se han desarrollado en los
ultimos afios, diferentes estudios que combinan la evaluacion neurocognitiva con
técnicas de neuroimagen, ademas de estudios de biomarcadores en liquido
cefalorraquideo, con la finalidad de entender mejor las alteraciones que se producen

a nivel de SNC y detectarlas en sus fases mas tempranas.

EVALUACION NEUROCOGNITIVA EN POBLACION VIH-TV

Las alteraciones neurocognitivas han sido ampliamente evaluadas en
poblacion VIH durante las dos ultimas décadas. Varios estudios han demostrado
deterioros cognitivos globales y especificos en pacientes infectados por VIH-TV,
incluso tras la introduccion del TAR.1%17 Sin embargo, otros estudios han mostrado
que el rendimiento cognitivo de grupos de pacientes con infeccion por VIH-TV se

mantenia dentro de la media poblacional. 1&1°

Los efectos de la infeccion por VIH-TV pueden ser dificiles de evaluar, ya que
las poblaciones incluidas en estos estudios presentan caracteristicas
sociodemogréficas, culturales e inmunovirolégicas muy heterogéneas. Esta

evaluacion, se complica aun mas por la falta de consenso entre los investigadores
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sobre que herramientas utilizar para la evaluacion neuropsicoldgica, y la ausencia, en

ocasiones, de grupo control bien pareado.

Las alteraciones neurocognitivas mas frecuentemente encontradas en
poblaciéon VIH son aquellas que afectan a la atencion, a las funciones ejecutivas (FE)
y ala fluidez verbal (FV), incluso en pacientes clinicamente estables.?%-23 Por otro lado,
la literatura muestra como el rendimiento cognitivo parece estar influenciado de forma
positiva por el inicio del TAR, tras conseguir la inmunosupresion.?224-26 Ademas, se ha
mostrado un menor rendimiento cognitivo en la poblacion VIH estadio C al

compararlos con poblacién VIH estadio no C. 2022

TECNICAS DE NEUROIMAGEN.

Se han desarrollado diferentes estudios de neuroimagen en los ultimos afos
para intentar identificar el impacto de la gravedad del VIH en SNC, contribuyendo a
un diagnostico precoz de las manifestaciones neuroldgicas y alteraciones

neurocognitivas en pacientes con VIH de transmision vertical. 27

La adquisicion de imagenes por resonancia magnética (RM), es una técnica no
invasiva que permite, por un lado, a través de la RM estructural obtener imagenes
anatomicas cerebrales de alta resolucion, proporcionando informacion estatica
detectando posibles alteraciones en los tejidos, y por otro lado, mediante la RM
funcional (fMRI), medir la actividad cerebral proveyendo informacion fisiolégica
dinAmica.?® Se han utilizado para los estudios de neuroimagen, RM de campo
magnético de 1.5 T (teslas) en los estudios mas iniciales, y en los ultimos afios, la
mayoria han sido realizados en RM de 3 T para obtener una mejor calidad de la

imagen en un menor tiempo de exploracion.
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RM ESTRUCTURAL.

El andlisis de neuroimagen estructural permite diferenciar el tejido neuronal en
mediciones de sustancia gris, sustancia blanca y liquido cefalorraquideo (LCR) y
compararlos entre diferentes sujetos. Estos métodos de morfometria cerebral
dependen del contraste entre los diferentes tejidos para definir la densidad y volumen
de la sustancia gris, sustancia blanca y de la superficie cortical. El desarrollo de los
diferentes enfoques de procesamiento automatico para el analisis de morfometria
cerebral incluye morfometria basada en Voxel (Voxel Based Morphometry, VBM),?°
morfometria basada en deformaciones (Deformations Based Morphometry, DBM), 3°

y morfometria basada en superficies (SBM). 3!

VBM es una técnica automatizada cuyo objetivo es estimar las diferencias en
la composicion del tejido cerebral completo o por regiones de interés (ROI) y
compararla entre sujetos.?° Mientras que VBM se centra en la imagen residual, DBM
analiza cuanto cambian los volimenes de los voxeles durante el registro de la imagen.
Por otro lado, con SBM se pueden analizar diferentes caracteristicas sustancia gris,
como el area de superficie, el grosor cortical, la curvatura y el volumen y permite
establecer mayor precision con valores de espesor asignados a vértices individuales
en lugar de voxeles. 3234 Ejemplo de RM estructural con mediciéon de grosor cortical

(Figura 2).
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Figura 2. Imagen de RM estructural que compara el grosor cortical entre

pacientes VIH-TV y un grupo control sin VIH

Between-group comparisonon
Cortical Thickness s

AL

HIV+ < HIV- HIV+ > HIV-

El grupo de nifios con VIH-TV muestra mayor CT (en rojo) y menor CT (en azul) en
comparacion con el grupo control sin VIH. Adaptado de Yu X et al. Neuroanatomical
Changes Underlying Vertical HIV Infection in Adolescents. Front Immunol. 2019;10:814

Por otro lado, existe otra técnica conocida como DTI (Imagen por tensor de
difusion) también conocido como tractografia, que es un método de RM no invasivo
que utiliza las propiedades de difusion del agua en el cerebro para estimar la integridad
de los tractos neurales de sustancia blanca utilizando diferentes variables.3* La FA
(Anisotropia fraccional) representa el indice de la coherencia de la difusion, indicando
el grado de mielinizacién axonal. ® Este es el indice que se utiliza con mayor
frecuencia al realizar estudios con DTI. De igual manera, existente otros indices que
aportan informacién relevante con respecto a la integridad de la sustancia blanca
como son la MD (difusividad media), RD (difusividad radial) y AD (difusividad axial).
MD es una medida global del desplazamiento de las moléculas de agua y proporciona
informacion sobre la magnitud de la difusion. Una disminucion de la FA combinada
con un aumento de MD es un indicador de alteracion de la sustancia blanca.3¢ Por otro
lado, la AD y RD son indicadores de integridad del axén y de las vainas de mielina

respectivamente. 37 Ejemplo de DTI (Figura 3)
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Figura 3. RM estructural mediante técnica DTl que compara los tractos neurales

en un grupo de pacientes con VIH-TV y un grupo sin VIH

DTI: Patrén difuso que muestra un aumento de MD en nifios con VIH-TV comparado con un
grupo control de nifios sin VIH. Adaptado de Cohen et al. Cerebral injury in perinatally HIV-
infected children compared to matched healthy controls. Neurology 2016;86:19—-27

RESONANCIA MAGNETICA FUNCIONAL (RMf)

La RMf (fMRI por sus siglas en inglés) es una técnica de neuroimagen que mide
en tiempo real la actividad cerebral a través de la medicién del flujo sanguineo en el
cerebro. Cuando se realiza una determinada tarea, el aumento de la actividad
neuronal se asocia a un aumento en las demandas metabdlicas que se compensa con
el suministro y consumo de glucosa y oxigeno. Esto se basa en el efecto BOLD (Blood
Oxigenation Level-Dependent), que refleja la compleja combinacion de cambios en el
flujo sanguineo cerebral, la tasa metabdlica cerebral de consumo de oxigeno y el
volumen sanguineo cerebral.38 Esta técnica permite una vision directa de los sistemas
neuronales que pueden alterarse durante la cognicién.3® Existen dos formas de medir
la actividad neuronal mediante el efecto BOLD. La RMf mediante la realizacion de
tareas y la RMf en reposo. La RMf que se lleva a cabo por realizacion de tareas se
efectla durante la realizacion de una actividad que consta de una parte denominada

“tarea” en la que se produce activacion y otra de reposo. El flujo sanguineo cerebral
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varia dependiendo de la energia requerida por las neuronas durante una tarea, y por
lo tanto, de la respuesta hemodinamica BOLD, que de forma indirecta representa una
medida de actividad neuronal. A continuacion, se comparan las imagenes obtenidas
durante las dos partes de la actividad y se mide la sefial de cada voxel o cluster, para
determinar si ha existido una variacién de activacion en el area a analizar, generando

un mapa de la actividad cerebral. Ejemplo de RMf (Figura 4).

Por otro lado, la RMf en reposo revela la conectividad funcional entre redes
neuronales distribuidas al identificar regiones en las que la sefial BOLD muestra
coherencia temporal. Este método ofrece informacién de la actividad cerebral mientras

la mente esta “en reposo” y no participa en la realizacion de ninguna tarea. 4

Figura 4. RM funcional que muestra patrones de actividad cerebral en un grupo

VIH durante la realizacién de una tarea de fluidez verbal.

23 5.0

RMf que muestra regiones cerebrales activadas durante la realizacion de una tarea de fluidez
verbal (contar palabras seguidas de un periodo de descanso). Adaptado de Thames et al.
Increased subcortical neural activity among HIV individuals during a lexical retrieval task.
Neurobiol Dis 2015;10:175-182
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ESTUDIOS DE NEUROIMAGEN EN POBLACION VIH-TV

En la ultima década se han desarrollado una variedad de técnicas de
neuroimagen no invasivas, arriba explicadas, con la finalidad de realizar un detallado
analisis de regiones cerebrales, o areas cerebrales especificas. Pero hasta la fecha,
los estudios de neuroimagen realizados en nifios y adolescentes con VIH-TV son
escasos. Los hallazgos preliminares de estos, muestran que incluso en la era del TAR,
los pacientes con VIH-TV presentan alteraciones en las regiones microestructurales

del cerebro. 42

Respecto a la morfometria cerebral, la mayoria de los estudios realizados
sefiala un menor volumen de sustancia gris (GM, gray matter) total 4>5 o regional,
especialmente a nivel de ganglios basales,**4¢4”y un menor volumen de sustancia

blanca (WM, whitte matter) global o regional. 4348

Sin embargo, otros estudios que han reportado un mayor volumen de GM a
nivel regional*®->° y el estudio publicado por Paul et al. describe un mayor volumen

global de GM en los pacientes VIH-TV menores de 12 afios. °°

Los estudios de grosor cortical (CT) refieren, en lineas generales,
adelgazamiento de ciertas regiones de la corteza cerebral en el grupo VIH-TV al

compararlo con poblacién sin infeccién por VIH. 46:50

En cuanto a los estudios realizados con DTI para valorar la integridad de la
sustancia blanca, los cuatro indices mas populares (FA, AD, MD, RD) se exploraron
en practicamente todos los estudios realizados. Los principales hallazgos parecen
coincidir en una reducciéon de FA y un aumento de MD en el grupo VIH-TV,42:5254 pero
la localizaciéon de los tractos afectados varia segun el estudio realizado. Por ejemplo,

algunos autores describen una reduccion significativa de FA en el fasciculo
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frontooccipital y fasciculo longitudinal inferiores %2, mientras que otros describen esta
reduccion de FA en el fasciculo longitudinal superior,>® en el tracto corticoespinal,> o

a nivel del cuerpo calloso*?53 en el grupo VIH-TV.

Dentro de la poblacion VIH-TV, las alteraciones estructurales cerebrales se han
relacionado con un peor estado inmunovirolégico,*349:5955 en su mayoria definidos por
una carga viral no controlada, un recuento bajo de CD4, y un inicio de TAR tardio. Y
es que, el inicio temprano del TAR, parece preservar mejor el grosor cortical y los
volimenes de ciertas regiones cerebrales como son los ganglios basales.4345%0
Algunos autores describen correlaciones positivas entre en recuento actual de CD4 y
los volimenes cerebrales,>**° pero la mayoria no encuentra dicha asociaciéon. Sin
embargo, se observa que la mayoria de los estudios realizados hasta el momento no

incluyen apenas datos completos sobre la enfermedad y tratamiento antirretroviral.

A su vez, hay estudios que sugieren que las estructuras corticales y
subcorticales alteradas, y la alteracion en los tractos neurales en pacientes pediatricos
y adolescentes con VIH-TV puede verse asociados con un mayor déficit cognitivo. Por
ejemplo, son varios los autores que han correlacionado menores voliumenes
regionales con un peor rendimiento cognitivo, sin un claro consenso sobre las regiones
cerebrales afectadas.*?#447:51 Respecto a los estudios de DTI, se postula que los tests
neurocognitivos no son lo suficientemente sensibles para detectar alteraciones en la
integridad de la WM causadas por el VIH.%® Sin embargo, esta misma autora sefiala
en un estudio, una posible correlacion entre el bajo rendimiento en un test que mide
funciones ejecutivas (EF) con una disminucion de FA a nivel del tracto longitudinal
superior.’” De forma similar, Uban et al encontraron que una mayor CV se
correlacionaba con un peor rendimiento en tests de memorizacion y una disminucion

de FA a nivel de tractos fronto-occipitales inferiores derechos. %8
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Respecto a los estudios de RM funcional, Unicamente se han realizado 4
estudios en poblacién VIH-TV, tres de ellos en reposo 596! y el Gltimo, publicado por
NeuroCoRISpe y que se integra en esta memoria, de RMf mediante la realizacion de
tareas.%? Los estudios realizados en reposo (resting-state) muestran en lineas
generales que aquellos pacientes con peor control inmunovirolégico presentan una
conexion entre redes neuronales mas pobre. Por el lado contrario, el estudio llevado
a cabo por nuestro grupo, se realizé en sujetos con buen control inmunovirolégico, no
encontrando diferencias con el grupo control, pero si observando que los pacientes
que llevaban mas afios con TAR presentaban una mayor actividad cerebral en
determinadas regiones cerebrales (giro frontal inferior izquierdo) durante la realizacion
de una tarea que valoraba la fluidez verbal. Hallazgos similares han sido presentados

en poblacién adulta con infeccién por VIH. 83

Por tanto, podemos resumir, que la mayoria de los estudios de neuroimagen
en poblacion VIH-TV con TAR, postulan que sigue habiendo alteraciones estructurales
en regiones cerebrales. Sin embargo, la mayoria de los estudios realizados hasta el
momento son transversales, empleando tamafios muestrales reducidos y difieren en

la metodologia empleada.

PROTEINA DE CADENA LIGERA DEL NEUROFILAMENTO (NFL), COMO

BIOMARCADOR DE DANO NEURONAL Y ESTUDIOS EN POBLACION VIH

Para comprender mejor como se produce el desarrollo del dafio neuronal, la
activacion inmune y la inflamacion intratecal, diferentes biomarcadores han sido
investigados en LCR, siendo la proteina de cadena ligera del neurofilamento (NfL) el

biomarcador mas (til para el estudio de la lesién axonal inducida por el VIH.%4 Esta
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proteina es uno de los componentes estructurales de las vainas de mielina y es
esencial para mantener el calibre axonal, facilitando de esta forma, la conduccion

nerviosa de forma eficaz. 6°

Sin embargo, la medicién de NfL en LCR requiere un procedimiento invasivo,
gue es la realizacion de una puncion lumbar, por lo que su uso es limitado. Por ello,
en los ultimos afos, se ha desarrollado una nueva técnica mediante inmunoensayo
ultrasensible (Simoa) para cuantificar NfL en sangre. Los resultados obtenidos con
este nuevo meétodo muestran que la NfL plasmatica (pNfL) se correlaciona
perfectamente con las concentraciones de NfL en el LCR en todos los estadios de la

infeccion por VIH. % (Figura 5)

Figura 5. Correlacion entre concentracién de NfL plasmatico y NfL en LCR
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Adaptado de Gisslen et al. Plasma concentration of the neurofilament light protein (NFL) is
a biomarker of CNS injury in HIV infection: a cross-sectional study. EBioMedicine.
2016;3:135-140

Es un biomarcador sensible pero no especifico, de degeneracion neuronal o
dafo neuronal agudo, y se utliza como biomarcador en enfermedades

neurodegenerativas como el Parkinson, la Esclerosis Mdltiple, o el Alzheimer. 67
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Respecto al VIH, varios estudios realizados en adultos infectados por VIH han
mostrado un aumento de niveles de NfL en el LCR, en pacientes con demencia

asociada al VIH, pero también en pacientes neuroasintomaticos, con recuentos bajos

de linfocitos T CD4.83-:67

Sin embargo, las personas tratadas y virologicamente suprimidas que viven con
el VIH tienen niveles mas bajos de NfL en LCR, aunque siguen siendo ligeramente

mas elevados que las personas sin VIH.

Figura: 6. Concentraciones de NFL en plasma (a) y LCR (b) en 7 grupos

de sujetos VIH y en un grupo control VIH negativo
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Gisslen et al. Plasma concentration of the neurofilament light protein (NFL) is a biomarker of CNS injury in HIV

Hasta el momento no se han desarrollado estudios de NfL en poblacién con VIH de

TV.
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El objetivo general de esta memoria ha sido:

Estudiar el desarrollo neurolégico y el perfil estructural del cerebro en una

cohorte de pacientes con infeccion por VIH de transmision vertical nacidos en la era

preTAR y pertenecientes a CoRISpe (Cohorte Espafiola de VIH pediatrico), y

compararlo con una poblacibn de caracteristicas similares sin VIH ni otras

comorbilidades neurolégicas.

Los objetivos especificos han sido:

1.

Determinar el perfil estructural cerebral en un grupo de adolescentes y
adultos jovenes con VIH-TV mediante la medicion de grosor cortical y
volimenes de sustancia gris y sustancia blanca subcortical.

Comparar dicho perfil con un grupo control sin VIH de caracteristicas
similares pareandolo por sexo, edad, nivel educativo y socioecondémico.
Estudiar el efecto del VIH sobre el desarrollo de los ganglios basales,
determinando si hay diferencias en funcion de las variables dependientes
del virus y del tratamiento antirretroviral.

Analizar y comparar el perfil neurocognitivo evaluando funciones ejecutivas
e inteligencia fluida en los dos grupos de estudio.

Analizar y comparar posibles alteraciones psicopatolégicas en los dos
grupos de estudio.

Evaluar los patrones de activacion neuronal mediante RMf, a través de la
realizacion de tareas motora, y de fluidez verbal en un subgrupo de
pacientes VIH-TV con buen control inmunovirologico, adecuadas funciones
ejecutivas y funcionales y compararlo con un grupo control de similares

caracteristicas.

66



67

Objetivos

7. Analizar las concentraciones plasmaticas de un sensible biomarcador de

dafio neuronal (neurofilamento de cadena ligera en plasma), en un grupo de
pacientes con VIH-TV y compararla con un grupo sin VIH de similares
caracteristicas.

Explorar posibles correlaciones entre las concentraciones del
neurofilamento de cadena ligera y los volimenes de sustancia blanca y
pruebas neurocognitivas en el grupo con VIH-TV.

Describir las caracteristicas de los estudios de neuroimagen basados en RM
estructural y funcional, realizados en poblacibn VIH y evaluar que
parametros relacionados con la infeccion por VIH y caracteristicas

sociodemograficas incluyen dichos estudios.
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CAPITULO 1

Efectos de la infeccidn perinatal por VIH sobre el grosor
cortical y volumen de sustancia gris subcortical en adultos

jovenes.
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JUSTIFICACION Y OBJETIVOS

La esperanza y calidad de vida de los nifios y adolescentes con VIH infectados
durante el periodo perinatal ha mejorado de forma muy significativa gracias al
tratamiento antirretroviral combinado. De la misma forma, la encefalopatia en estos
pacientes ha pasado de un 76% a un 1.6%. Sin embargo, el impacto del VIH sobre el
desarrollo cerebral en poblacion con VIH-TV sigue siendo una incégnita. Pocos
estudios han evaluado las alteraciones en el perfil de neuroimagen en este grupo
poblacional, y la mayoria de ellos, se han llevado a cabo en pacientes que viven en
paises con recursos limitados cuyas caracteristicas sociodemograficas son muy
diferentes.

En la mayoria de ellos se ha observado que los pacientes con VIH-TV
presentan atrofia cortical y menor volumen regional o total de sustancia gris y

sustancia blanca.

Los objetivos de este capitulo son:

1) Evaluar el desarrollo neurocognitivo mediante una bateria de 10 tests
neuropsicolégicos que miden FE e IF en una cohorte de adolescentes y adultos
jovenes con VIH-TV y compararlo con un grupo control sin VIH de
caracteristicas similares pareandolo por sexo, edad, nivel educativo y
socioecondémico.

2) Evaluar posibles alteraciones psicopatolégicas a través de escalas
estandarizadas de ansiedad (STAI: State-Trait Anxiety Questionnaire) y
depresion (BDI: Beck Depression Inventory) en este grupo de estudio, que

puedan influir en el desarrollo neurologico.
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3) Analizary comparar el perfil estructural cerebral en el grupo VIH y grupo control,

mediante la medicion de grosor cortical y volimenes de sustancia gris

subcortical.

4) Estudiar el efecto del VIH sobre el desarrollo de los ganglios basales,

determinando si hay diferencias en funcion de las variables dependientes del

virus y del tratamiento antirretroviral.

RESULTADOS

Veinticinco jévenes con VIH-TV y 25 controles sin VIH se incluyeron en el
estudio.

Las caracteristicas sociodemogréficas fueron muy similares en ambos grupos:
60% mujeres con una mediana de edad de 20 afos en ambos grupos, el 62%
presentaba un nivel educativo bajo y el 76% era de etnia caucasica.

No se encontraron diferencias estadisticamente significativas en los tests
neurocognitivos que median FE e IF ni en las evaluaciones de sintomatologia
psicopatoldgica, detectando en ambos grupos que alrededor de un tercio de los
participantes presentaban sintomas depresivos leves-moderados, un 6%
severo y una prevalencia clinica de ansiedad rasgo 14% y ansiedad estado
10%.

Dentro del grupo VIH el 40% se encontraba en un estadio C del CDC, y el 12%
tenia datos de encefalopatia por VIH previa. La mediana de CD4 nadir fue de
11.4% (RIQ 5-17), y sin embargo la mediana de CD4 actual era superior a 500
cels/mm3 (687 cels/mm3 [RIQ 497-830]). El 100% de los pacientes estaba
recibiendo TAR y un 84% mantenian una carga viral por debajo de 50

copias/ml. De los pacientes con carga viral detectable (n = 4), todos tenian <

74



75

Publicaciones

1000 copias/ml (RIQ 185-530). La mayoria de los pacientes recibia TAR desde
hace afios: mediana de 17.1 afios (RIQ 14.8-18.5 afios)

En el andlisis de neuroimagen de grosor cortical definido por el Atlas DK40
mediante SBM, se encontraron diferencias estadisticamente significativas entre
el grupo VIH-TV y el grupo control sin VIH. Los pacientes VIH presentaron
adelgazamiento cortical en las siguientes areas: giro fusiforme izquierdo (p
=0.000, valor t = 4.766, valor z =4.274) y derecho (p=0.009, valor t = 4.766,
valor z = 3.639); giro lateral-orbitofrontal izquierdo (p= 0.006, valor t =3.942,
valor z= 3.383) y derecho (p= 0.024, valor t = 3.627, valor z 3.383); y en el giro
parsorbitalis derecho (p=0.047, valor t = 3.402, valor z = 3.196). El grupo control
sin VIH no presentd adelgazamiento cortical en ninguna region en comparacion
con el grupo VIH-TV.

El andlisis de volumenes de sustancia gris subcortical, acorde con el Atlas
Neuromorphometrics los pacientes con VIH-TV mostraron un menor volumen a
nivel de amigdala derecha (p=0.014) y putamen izquierdo (p=0.016) al
compararlos con el grupo control VIH negativo.

Dentro del grupo VIH-TV un mayor recuento de CD4 fue asociado con un mayor
volumen a nivel del putamen derecho (b = 0.00000038, p=0.045).
Paradéjicamente un inicio tardio de del TAR y un nadir de CD4 mas bajo fueron
asociados a un mayor volumen a nivel del nacleo accumbens izquierdo (b=
0.0000046, p = 0.033; b = -0.00000008, p = 0.0045).

No se encontraron diferencias en volumen subcortical de sustancia gris total ni

en grosor cortical total.
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Abstract N
Brain atrophy has been observed in perinatally HIV-infected patients (PHIV) despite initiation on combined antiretroviral treatment |
(cART), but neuroimaging studies are limited. We aimed to evaluate cortical thickness (CT) and subcortical gray matter (GM) volumes
of PHIV youths with stable immunovirological situation and with a normal daily performance.

A prospective cross-sectional study was conducted. A total of 25 PHIV patients on cART and 25 HIV-negative (HIV-) controls
matched by age, sex, level of education, and socioeconomic status underwent a magnetic resonance imaging scan. CAT12 toolbox
was used to extract CT values from T1w images using parcellations from Desikan-Kiliany atlas (DK40). To measure regional brain
volumes, native segmented images were parceled in regions of interest according to the Neuromorphometrics Atlas.
Neuropsychological assessment and psychopathological symptoms were documented.

Fifty participants were included (60% females, median age 20years [interguartile range, IQR 19-23], 64% Whites). No differences
regarding neuropsychological tests or psychopathological symptoms were found between groups (all P> .05). All participants
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presented an average performance in the Fluid Intelligence (F) test (PHIV mean: —0.12, HIV- mean: 0.24), When comparing CT,,
PHIV-infected patients showed thinner cortices compared with their peers in fusiform gyrus (P=.000, P=.009), lateral-orbitofrontal |
gyrus (P=.0086, P=.0024), and right parsobitalis gyrus (P=.047). Regarding subcortical GM volumes, PHIV patients showed lower
right amygdala (P=.014) and left putamen (P = .016) volumes when compared with HIV- controls. Within the PHIV group, higher CD4
count was associated with higher volumes in right putamen (B=0.00000038, P=.045). Moreover, increased age at cART initiation
and lower nadir CD4 count was associated with larger volumes in left accumbens (B=0.0000046, P=.033; B=—0.00000008,
P=.045, respectively).

PHIV patients showed thinner cortices of areas in temporal, orbito-frontal and occipital lobes and lower volumes of subcortical GM
volumes when compared with the HIV- control group, suggesting cortical and subcortical brain alterations in otherwise
neuroasymptomatic patients. Nevertheless, larger and longitudinal studies are required to determine the impact of HIV on brain
structure in PHIV patients and to further identify risk and protective factors that could be implicated.

Abbreviations: BDI| = Depression Inventory of Beck, BG = basal ganglia, cART = combined antiretroviral treatment, CNS =
central nervous system, CT = cortical thickness, DK40 = Desikan—Kiliany atlas, DK40 = Desikan-Killiany atlas, EF = Executive
Functions, Fl = fluid inteligence, GM = gray matter, HAND = HIV-associated neurocognitive disorders, HIV— = HIV negative, IQR =
interguartile ranges, K-BIT = Kaufman Brief Inteligence Test, PHIV = perinatally HIV-infected, ROI = regions of interest, SD =
standard deviation, SES = socioeconomic status, STAl = measures, State-Trait Anxiety Questionnaire, uVL = undetectable viral load.

Keywords: basal ganglia, cortical thickness, HIV, neurocimaging, perinatal, volume

1. Introduction

One of the most important consequences of the human
immunodeficiency virus (HIV) infection is its impact on the
central nervous system (CNS).[!! Fortunately, the cases of HIV
encephalopathy and severe neurological complications have
declined due to the introduction of combined antiretroviral
therapy (cART). However, many patients continue to experience
milder degrees of HIV-associated neurocognitive disorders
(HAND).?! In this regard, perinatally HIV (PHIV)-infected
patients are more vulnerable than adults to displaying CNS
alterations as the viral invasion occurs earlier in life."*!

Additionally, some authors have described limited penetration
of cART in the CNS* allowing the brain to act as a viral
reservoir®! and making the infection of CNS a generalized
condition of HIV patients. It has also been shown that some
antiretroviral drugs can sometimes cause neuropsychiatric
adverse effects.!”! For the aforementioned reasons, finding a
balance between the CNS penetration of antiretroviral treatment
and possible neurotoxic effects is decisive for the well-being of
HIV patients.

It is therefore essential to understand how HIV and cART
might mediate in brain development, and to ensure an early
detection of HAND. For these purposes, a variety of novel,
noninvasive, neuroimaging techniques have been developed to
support the quantitative characterization of the brain structure.
Preliminary findings of this research in PHIV children and young
adults has demonstrated that even in the cART era, there are
alterations in microstructural brain regions.!"! However, the
outcomes are not consistent,’”) being very difficult to isolate the
effect caused by the different psychosocial backgrounds of the
selected participants.

The most frequently reported findings have included lower
total *%1% or regional cortical and subcortical® "' gray matter
(GM) volumes. Nevertheless, it is interesting that different results
have been presented by other authors in recent years, showing
increased regional or total GM volumes.”'>'*] Moreover,
although some authors did not find significant differences in
cortical thickness (CT) between PHIV patients and HIV- control
group,!") other studies found thinning of certain cortical areas in
PHIV patients.['%15]

Commonly, within the PHIV population the alterations
found in brain structure have been usually related to a poor
immunovirological status and to the lack of an effective
antiretroviral treatment,”'*17-1%]

Taking into account all these factors and the previous results,
the present study attempts to determine the characteristic pattern
of cortical thinning and subcortical (total and regional) in a
predominant viral suppressed perinatal HIV population with an
average cognitive functioning and compare it with an HIV-
control group strictly matched by age, sex, level of education, and
socioeconomic status. Mindful of the need to restrict the number
of statistical comparisons, we also studied the effect of HIV status
on all main subregions of the basal ganglia (BG) volumes. In
consonance with existing literature, we first hypothesize that the
PHIV-infected group will show greater atrophy and thinner
cortices in brain structure related to the HIV- controls. Secondly,
we tested the hypothesis that a worse immunovirological status
will be associated with smaller volumes of the BG since it has been
reported to be particularly impacted.!'-1%14.16-18]

2. Materials and methods

2.1. Study design and participants

A cross-sectional study was performed between January 2017
and December 2017.

Initial sample participant number was 30 PHIV patients and 33
HIV-, but 13 participants were excluded (5 PHIV and 8 HIV-
controls) due to outlier MRI image quality markers when
compared with the sample average quality-assurance measure-
ments.

Twenty-five PHIV patients and 25 HIV- peers, matched by age,
sex, educational level, and socioeconomic status participated in a
cross-sectional study. Data were collected at 5 pediatric research
centers that belong to the CoRISpe (Spanish National Cohort of
Pediatric HIV) group.!'”!

Patients with current brain infection, neurological or psychi-
atric disorder, or any congenital abnormality were not included
in the sample. Nonetheless, 3 patients with history of
encephalopathy were included since they all had normal
neuropsychological performances at assessment.
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Neuropsychological assessment battery.

Cognitive Domains Subcomponents

Tool Test

Intelligence
Composite z score for
executive function (EF102)

Fuid intelligence
Processing speed

Decision-making, cognitive flexibility,
verbal fluency, working memory,
planning, inhibition

Kaufman Brief Intelligence test™" Nonverbal (fluid)

Stroop Test®25% Stroop-Word
Stroop- Color

Wechsler Adult Intelligence Scale-4th edition (WAIS-Iv)®4! Coding subtest

Trail Making Test(®®! TMT-Part A

Trail Making Test® TMT-Part B

Semantical verbal fluency test®®® Animals

Phonological verbal fluency test™ P

BADSET] Z00 Map

Stroop Test®25% Stroop- Word-Color

Wechsler Adult Intelligence Scale-4th edition (WAIS-Iv)®¥ Digits-Backward

The HIV- peers were selected from voluntary recruitment
through the advertising of the study.

The Institutional Review Boards of each research center
approved the study, and a written, informed consent was
obtained from all participants in accordance with the Helsinki
Declaration. When participants were underage, an assent form
was signed by themselves, and their legal guardians provided the
informed consent.

2.2. Disease markers in PHIV youth

In relation to the control of the infection, the following
parameters were collected: CDC classification, encephalopathy,
undetectable viral load (defined as viral load <50 copies/mL),
time of undetectable viral load, viral load in detectable patients,
total numbers and percentages of CD4 nadir and current CD4
viral load, CD4/CD8 ratio, cART history, and adherence to
treatment. This information was obtained from the CoRISpe
database.

2.3. Measures

A sociodemographic self-report semistructured questionnaire
was created for this project. International Standard Classification
of Education (ISCED) criteria were used to categorize the level of
education attained by the participants.

Neuropsychological assessment assessed fluid intelligence (FI)
through Kaufman Brief Intelligence Test (K-BIT) and Executive
Functions (EF) measures by 10 neuropsychological tests (Table 1).

To assess psychopathological symptoms, 2 standardized
evaluation tools were used State-Trait Anxiety Questionnaire,
STAT??! (Beck, Steer & Carbin, 1988) and Depression Inventory
of Beck, BDLI*1!

2.4. Imaging acquisition protocol

Different MRI scanner systems were used at each hospital study
site. For specific details of the acquisition parameters, see
Supplementary material.

Image quality was assessed in 2 independent processes.
Radiologist checked for the presence of any brain pathology,
such as tumor, cyst, or any other lesion.
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Additionally, image quality and processing experts checked for
motion artifacts, low contrasts, incomplete whole brain coverage,
low signal-to-noise ratio, and low resolution, excluding 5 PHIV
patients and 8 HIV- controls as mentioned above. In a further
analysis, all the acquisitions were correlated to determine the
homogeneity of the image sample.

2.5. Image processing
2.5.1. Image analysis. The Computational Anatomy Toolbox

(CAT12, http:/dbm.neuro.uni-jena.de/cat/ version 1492), as an
extension of SPM (https://www.fil.ion.ucl.ac.uk/spm/software/
spm12/ version 7487), provides a standard processing pipeline
for surface and volume-based morphometry. These pipelines
allow the extraction of several morphometric parameters
including CT and tissue volumes.

For surface data, the processing includes local adaptive
segmentation of the T1-weighted images, topological correc-
tion,!*?! spherical mapping,|*®! spherical registration, CT, and
central surface estimation.**

Mean CT values were calculated inside regions of interest
(ROIs) defined by the Desikan-Killiany Atlas (DK40),"*! which is
the most extensive in SBM studies and following the standard
software procedure.

To measure brain volumes, native segmented images were
parceled in ROIs according to the Neuromorphometrics atlas and
tissue volumes (cubic millimeters) were estimated for each ROI
and normalized by the total intracranial volume for each subject.

2.6. Statistical analysis

2.6.1. Sociodemographic, clinical, cognitive and Psycholog-
ical assessment. Results were expressed as mean and standard
deviation (SD), except for sociodemographical and immunologi-
cal results which were expressed as median and interquartile
ranges (IQRs) for quantitative variables or as frequencies and
percentages for qualitative variables. To compare categorical
variables Pearson x* or Fisher exact tests were used, whereas
quantitative variables were compared using the Mann—-Whitney
U test. All tests with a P value <.05 were considered statistically
significant. Raw scores on cognitive tests were transformed into a
standard form (z scores), where the transformation was based on
knowledge about the standardization sample mean and SD by
each test. SPSS v. 24 was used for data analysis.
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Means (standard deviation) of demographic, psychosocial, neu-
rocognitive, and psychopathological characteristics.

PHIV (n=25) HIV- (n=25) P

Sex (female), % (n) 60% (15) 60% (15) 1.000
Age at assessment, % (n) 2060 (3.16) 2040 (2.84) 815
Level of education, % (n)

Low 70.8% (17) 63.6% (14) 294

Medium 16.7% (4) 4.5% (1)

High 12.5% (3) 31.8% (7)
Annual income, % (n)

<12.000 € 21.7% (5) 26.1% (6) 175

12.000-16.000 € 26.1% (6) 34.8% (8)

16.001-20.000 € 13% (3) 17.4% (4)

20.001-26.000 € 13% (3) 13% (3)

26.001-30.000 € 17.4% (4) 8.7% (2)

=30.000 € 8.7% (2) 0% (0)
White, % (n) 76% (19) 52% (13) 080
STAI-STATE 21.22 (12.99) 15.45 (11.45) 246
STAI-TRAIT 23.70 (12.40) 21.45 (11.41) Bb7
BDI 1017 (9.60) 10.05 (9.67) 918
Fluid intelligence* -0.12 (0.73) 0.24 (0.66) 059
Composite z score for 0.26 (0.44) 017 (0.51) 515

executive function (EF1 DZ)*

" zscores <1.0 SD indicate "borderline” cognitive impairment; 1.5 SD indicates minor cognitive
impairment and 2.0 8D indicates major cognitive impairment.

2.6.2. Neuroimaging analysis. Mean thickness values for all
ROIs were compared between PHIV and HIV- to observe the
intergroup differences. A 2-sample # test analysis was performed
through CAT12 statistical models adjusting for age and sex as
nuisance variables.?®! Results were subjected to a multiple
comparison Holm-Bonferroni correction and a P value <.05 was
considered statistically significant.

2.6.3. HIV status and volumes for subcortical GM regions.
These procedures resulted in the extraction of volumes for seven
bilateral subcortical GM R Ols: the thalamus, putamen, pallidum,
amygdala, accumbens, caudate, and hippocampus. Mean
volumes inside ROIs were extracted and a linear regression
analysis using the forward method was performed to study the
effect of HIV-related clinical variables on BG volumes, covarying
for age, and sex.

3. Results

3.1. Characteristics of study population

Twenty-five PHIV patients and 25 HIV- controls were enrolled.
Sociodemographic characteristics were very similar between
cases and controls: 60% were females with a median age of 20
years in both groups, 62% of the participants had low level of
education, and 76% of the PHIV patients were Whites. No
differences regarding FI, EF10Z, or psychopathological symp-
toms were found between groups (all P>.05, Table 2).
Regarding the PHIV group: 40% showed a previous event that
led them to a CDC stage C3, among them 12% (N=3) had
encephalopathy. Median CD4 nadir was 11.9% (IQR 5-17);
however, at baseline median CD4 was >500cells/mm? (687 cells/
mm3 [TQR 497-830]). At the time of the assessment, 100% were
under cART, 84% had viral load <50copies/mL. Among
patients with viral load above 50copies/fmL (N=4), all had
<1000 copies/mL being the median viral load in detectable
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Clinical measures in PHIV patients (n [%] or median [IQR]).
Age at HIV diagnasis, y 0.50 (0.24-3.44)

CDC Stage C3 10 (40%)
Encephalopathy 3 (12%)
NADIR CD4, cells/mm® 249 (84-343)
NADIR CD4 (%) 1.9 (5-17)
CD4 count, cells/mm?® 687 (497-830)
CD4 count (%) 32.7 (30-39)
CD4/CD8 0.99 (0.69-1.42)
Age at treatment onset, y 1.4 (0.34.2)
Age at onset on cART, y 2.3 (1.4-5.4)
Total time of treatment with cART 17.1 (14.8-18.5)
Number of cART regimens 7 (6-9)
Patients with uvL 21 (84%)
Time with wL, y 10.8 (6.8-13.1)
VL in detectable patients, copies/mL 416 (185-530)
Type of CART

2 NRTIs + 1 NNRTI 3 (12%)

2 NRTls + 1 PI 3 (12%)

2NRTIs + 11l 9 (36%)

TPL+110 3 (12%)

(Other combinations 7 (28%)

CART = combination antiretroviral therapy, COC =Centers for disease Control and Prevention, ll=
integrase inhibitor, NNRTI = non-nuclectide reverse transcriptase inhibitor, NRTls = nucleotide reverse
transcriptase inhibitors, Pl=protease inhibitor, uVL=undetectable viral load, VL= viral load.

patients of 416 copiesp/mL (IQR 185-530). Most of the patients
have been receiving cART for long (median time on cART
17.1years [IQR 14.8-18.5]), being the median time with
undetectable viral load (uVL) of 10.8years (IQR 6.8-13.1)
(Table 3).

3.2. CT

Between-group statistical differences in thickness were observed
in several areas defined by the DK40 atlas. Specifically, VIH
patients present thinner cortex in the left (P=.000, ¢ value=
4.766, z value=4.274) and right (P=.009, ¢ value=3.942, z
value=3.639) fusiform gyri, the left (P=.006, ¢ value=4.068, z
value=3.740) and right (P=.024, t value=3.627, z value=
3.383) lateral-orbitofrontal gyri, and the right pars orbitalis
(P=.047, t value=3.402, z value=3.196) (Fig. 1). The opposite
contrast (PHIV > HIV-) did not show any significant difference.

3.3. Volumes for subcortical GM regions

Regarding subcortical GM volumes, according to the Neuro-
morphometrics Atlas PHIV patients showed lower right amygdala
(P=.014) and left putamen (P=.016) volumes when compared with
HIV-. No differences were observed between groups for total GM,
total white matter, total intracranial volume, or cerebrospinal fluid.

Within the PHIV group, higher CD4 count was associated with
higher volumes in right putamen (B=0.00000038, P=.045)
(Fig. 2). Moreover, increased age of cART initiation and lower
nadir CD4 count was associated with larger volumes in left
accumbens (B=0.0000046, P=0.033; B=-0.00000008, P=
0.045, respectively).

4. Discussion

In this research, we used surface-based analysis to study CT and
BG volumes in PHIV youths compared to a well-matched healthy
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Figure 1. Significant differences in cortical thickness between healthy controls (HIV-) and pediatric HIV patients (PHIV) according to the DK40 atlas parcellation. As
shown in the figure, patients present thinner cortex in the bilateral fusiform gyrus, the bilateral orbitofrontal gyrus and the right pars orbitalis (HV- >PHIV; P< .05,
Holm-Bonferroni corrected).

control group using two popular atlases. The study detected Cortical thinning is a biomarker of neurodegeneration. Recent
differences in CT with thinning of different functional areas of the  studies have identified specific atrophy patterns in the most
temporal, orbitofrontal, and occipital lobes and lower volumes of ~ common neurodegenerative diseases. In Alzheimer disease (AD),
right amygdala and left putamen in otherwise well-controlled  prominent mesiotemporal and hippocampal atrophy is typically

perinatally HIV-infected youths. present.””) Most consistent findings in Parkinson disease studies
Sex
J Female
Male
50,004
40,007 Q J
g Y
3 30,004 =
o 20,004 !
10,007

00~

Figure 2. Positive association between CD4 and right putamen volumes (B=0.00000038, P=.045).
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show atrophy mainly in the frontal regions.!*”! In this regard,
increased apparent brain aging, predicted using neuroimaging,
has been observed in HIV-positive adults, despite undetectable
viral load.l?*!

Pathophysiologic mechanisms to explain these alterations in
PHIV population could be an early HIV-related CNS damage,
as well as ongoing low-grade viral replication and immune
activation,”!

The alterations of neuronal microstructure in the PHIV
population found in the present study are supported by previous
neuroimaging results. For example, in 2019 Yu et al'"* observed
significantly thinner cortices in the temporal and orbitofrontal
regions and thicker cortices in left occipital and right olfactory
sulcus in HIV patients perinatally infected. Nevertheless, research
regarding CT had shown conflicting outcomes in regard to the
differences observed between PHIV-infected children and healthy
control groups. Nwosu et al''® found thicker cortex in patients
compared to uninfected controls in a small left inferior lateral
occipital region. Yadav et all'? found regional CT decreases in
bilateral postcentral and right superior temporal regions,
although increases in bilateral medial frontal regions in 10 to
11-year-old PHIV children on ¢ART. It should be noted that
some studies did not show any differences in thickness between
groups.!")

The difference in thickness between PHIV patients and HIV-
orbitofrontal regions could explain the alterations that are
frequently shown in those patients whose executive functions are
predominantly affected.’**=*? For example, diminished CT in the
orbitofrontal area in adolescence correlates to impulsive
behavior,?*! and an executive function known as inhibition,
deficit of which has been widely described in PHIV patients.34-3¢!

We also reported a significant thinning in the fusiform gyrus in
PHIV patients compared to healthy controls. This area has been
associated with: early atrophy in AD,®” impact on executive
function domains such as working memory!*®! and impulsivi-
ty,13% depression,!*°! and drug use.l*1—*3!

With regard to subcortical GM volumes, PHIV patients in our
study showed lower right amygdala and left putamen volumes
when compared with HIV-. Reductions of amygdala and caudate
have been previously reported in the HIV adult population,!'¢*!
Similar findings have been described by Li et al™'! in PHIV
adolescents, where loss of volume of right pallidum was
described.

Within the PHIV group, we found higher volumes of right
putamen in patients with higher CD4 count. The association
between a low CD4 T-cell count and reduced subcortical regional
volumes may indicate that prolonged immunosuppression could
play and additional role in CNS damage, explaining the better
brain development of well controlled patients. In line with this,
Wade et al’8 described increased rates of volume growth in
determined subcortical areas in children with higher CD4 counts
and similarly, Cohen et al’®! published that longer time with low
CD4 T-cell counts was associated with a lower total GM volume.

Furthermore, we found that a delay of cART initiation and
lower nadir CD4 count was associated with larger volumes in left
accumbens. According to our findings, different studies in the
PHIV population showed an enlargement of caudate,'”’ nucleus
accumbens,”'* and putamen!'***! when compared to a healthy
control group. The authors postulated 2 principal hypotheses.
First, although the exact pathophysiology for hypertrophy is not
well understood, they suggest it could be related to stress-induced
hypertrophy of medium spiny neurons resulting in an imperfect
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pruning. Secondly, BG hypertrophy may be also a result of
neuroinflammation, since it is known to be an ongoing detectable
process even after cART introduction.*®! Putamen hypertrophy
in HIV+ adults has also been attributed to possible inflammation
and dopaminergic system dysfunction.!*”)

All these results, including the differences in CT between
PHIV and negative controls, imply that an earlier and adequate
continuous cART is probably the most important key for
protection of the CNS.

Nevertheless, it is also important to highlight that although the
PHIV showed lower subcortical GM volumes and thinner
cortices, no significant differences were found in neurocognitive
and neuropsychiatric evaluations, signposting the importance of
performing complementary neuroimaging studies that could help
detect more subtle neuroalterations not observed by psychomet-
ric evaluations.

These neuroimaging findings provide important data, consti-
tuting the first neuroimaging study measuring CT and subcortical
GM volumes in the White-European PHIV population. Corre-
lations with neuropsychological, psychological, and multiple
HIV parameters in PHIV patients have been described.
Moreover, it benefits from a meticulous selection of a healthy
control group with very similar sociodemographic characteristics
similar to the PHIV patients.

Although several studies reflect different results in brain
volumes and CT when comparing by age, sex, socioeconomic
status, and educational level,**% most of the studies have been
performed in African or Asian population where the background
can be very different, being most patients CDC stage C, with
significant differences in nutritional status and different socio-
demographic characteristics. All that may justify the inconsisten-
cy of results in the PHIV neuroimaging studies.

This study is no exception in having its limitations, including
the cross-sectional design of the study and the reduced number of
participants. However, although our sample size is small, it can
be considered as representative of younger perinatally HIV-
infected adults receiving care in a developed setting, where all the
patients are receiving cART and most of them show stable and
good immunovirological situation for a long period of time.!51)
Cohort studies are usually potentially limited by unmeasured
differences, confounding but in our case this was controlled by
recruiting a comparable healthy control population with a very
similar socioeconomic status. Another limitation is the con-
founding effects derived from the differences in scanner and head
coil parameters between sites. This limitation was minimized by
strictly appraising the image quality, assessing the similarity
between images from different scanners, thus controlling the
comparability. The broad spectrum of findings can be explained
since there are no studies using the same neuroimaging analysis
tools and atlases, which makes it difficult to generalize and
compare results. It is possible that the lack of consensus in terms
of MRI analysis techniques and matching processes used are the
reasons for the inconsistency of results in the neuroimaging field.

Finally, it is important to take into account that this cohort of
young patients with PHIV infection comes from the pre-cART
era, which implies that most of these patients received suboptimal
treatments during the first years of their lives. There is a chance
that the virus could have caused neurological damage during the
crucial early years of brain development, highlighting the
importance of an earlier and continuous treatment, but there
is no way of knowing how or what damage has occurred nor
whether it is reversible. Nevertheless, most of these young
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patients have been well controlled under cART for >10 years,
rendering undetectable or very low detectable viral loads, and all
of them exhibit a good daily performance and therefore they
constitute a unique group. It could be also very interesting to
compare this population with a group of early treated young
PHIV adults matched by age, to determine the differences and
therefore to try to further clarify the origin of this alterations and
if they could be prevented.

5. Conclusion

Despite good control of HIV infection and no differences in
neurocognitive evaluation, HIV vertically infected patients showed
thinner cortices of the temporal, orbitofrontal, and occipital lobes
and lower subcortical GM volumes, although the clinical
significance/translation of these findings is still unclear. These
results support the need to perform complementary neuroimaging
studies that could help to detect more subtle neuroalterations not
observed by psychomerric evaluations. Moreover, longitudinal
follow-up would be important to determine the HIV impact on
brain structure in PHIV patients and whether these findings will
have a clinical expression in the future.
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CAPITULO 2

Revisidon sistematica de estudios de resonancia magnética

en pacientes VIH de transmisioén vertical.
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JUSTIFICACION Y OBJETIVOS

En nuestra cohorte de adolescentes y adultos jovenes con VIH-TV se ha
observado un menor volumen regional en areas de sustancia gris a nivel de putamen
y amigdala; menor volumen de sustancia blanca en regiones occipitales y parietales
y una mayor atrofia cortical en determinadas regiones de &reas orbitofrontales,
temporales y occipitales. Sin embargo, los estudios de neuroimagen realizados en
poblacion VIH-TV muestran hallazgos muy diversos, o incluso en ocasiones,
contradictorios.

Por otro lado, la mayoria de los estudios no parecen tener en cuenta parametros
determinantes en estudios de neuroimagen, referentes a variables sociodemograficas,

clinicas o terapéuticas.

Los objetivos de este capitulo son:

1) Unificar la informacion sobre los estudios de neuroimagen, que utilizan RM
funcional y estructural, realizados en pacientes VIH-TV, con la finalidad de
evaluar que regiones cerebrales parecen estar mas afectadas en este grupo de
poblacion, en funcién de la técnica empleada.

2) Recoger que variables sociodemogréficas, clinicas y terapéuticas son tenidas

en cuenta a la hora de realizar estos estudios en poblacion VIH-TV.

RESULTADOS

e En el momento del andlisis habian sido publicados 26 estudios (23 de RM

estructural y 3 de RM funcional).
e De los 23 estudios de RM estructural, 12 analizaron morfometria cerebral, 9

emplearon DTI, y dos estudios evaluaron ambas técnicas.
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La mayoria de los estudios de morfometria cerebral evidenciaron que los
pacientes con VIH-TV presentar un menor volumen en regiones de sustancia
gris, un menor grosor cortical y menor desarrollo de las circunvoluciones
cerebrales, excepto tres estudios que describen mayor volumen o grosor
cortical, y un estudio no encontrdé ninguna diferencia entre pacientes y grupo
control.

No se puede establecer un consenso sobre, que &reas cerebrales parecen
estar mas afectadas, aunque en los ganglios basales se encuentran cambios
con mayor frecuencia.

Los estudios de DTI, muestran en lineas generales, una disminucion del indice
FA (anisotropia fraccional) con un aumento de MD (difusividad media)
indicando alteracion en la integridad de la sustancia blanca.

No hay consenso sobre la localizacidon de los tractos neurales mas afectados
en los estudios de DTI.

Las alteraciones estructurales en la poblacién VIH, fueron atribuidas con mayor
frecuencia a un mal control inmunovirolégico.

Un inicio temprano del TAR parece preservar el grosor cortical y los volimenes
regionales segun varios estudios. Dos estudios de volumetria refieren encontrar
una correlacion entre CD4 actual y volimenes regionales y un estudio los
correlaciona con la integridad de los tractos neurales.

Los unicos 3 estudios publicados de RM funcional en el momento de realizar la
revision sistematica, muestran que los estudios se realizaron en reposo, y que
son lo suficientemente sensibles para detectar alteraciones funcionales en la

poblacién VIH.
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La mayoria de los estudios no recogen datos basicos, como son el nivel
socioecondmico y educativo, calidad de vida, u otras comorbilidades médicas
relacionadas con un peor desarrollo cognitivo, incluido el consumo de drogas,
trastornos psiquiatricos, o el estado nutricional en poblaciones con escasos
recursos.

La gran mayoria de estudios recoge muy pocas variables relacionadas con el
VIH-TV, obviando la edad al diagnostico, edad al inicio del TAR, tipo de TAR,
clasificacion CDC, y la asociacion o no de encefalopatia.

De los 26, unicamente un estudio recoge multiples datos sociodemograficos y

relacionados con la enfermedad por VIH.
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Abstract

Over the past few years, neuroimaging studies have been performed in young adults with perinatally acquired
HIV (PHIV) to study the impact of HIV infection on the central nervous system (CNS), but no recent reviews
have been published. This review aims to identify brain areas where PHIV seems to have greater impact
taking into account demographic, behavioral, and clinical characteristics in PHIV infected patients. For this
purpose, PubMed and Medline searches were carried out which included studies from 2010 to April 2020.
We performed a systematic review and included 26 articles using structural (brain morphometry and diffu-
sion tensor imaging) and functional magnetic resonance imaging methods involving 1182 PHIV-infected
participants. Ample evidence has been provided of HIV effects on underlying brain structure. However, in-
formation recorded in the studies is commonly incomplete and results sometimes contradictory. In addition
to future improvements and dissemination of tools for the developing brain MRI processing and analysis,
the inclusion of data related to HIV infection itself (including clinical and immunovirological characteristics

importance to the better understanding of the impact of the disease on CNS. (AIDS Rev. 2021;23:1-19)
Corresponding author: Manuela Martin-Bejarano, manuelamartinbg@gmail.com
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complications such as encephalopathy associated with
HIV (HIVE) in patients perinatally infected (PHIV) were
very common in the pre-antiretroviral therapy (ART)
era. The incidence of such complications has been
significantly reduced in children with the introduction

|ntrod uction

Despite continuing progress in stopping new HIV
infections among children, there are 1.8 million chil-

dren living with HIV, and approximately 160,000 chil-
dren became infected in 2018'. Neurological
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Individuals who have been diagnosed with PHIV in-
fection may suffer lifelong difficulties, mostly due to
neurgpsychiatric or cognitive disorders, including defi-
cits in executive functioning (EF), attention, and pro-
cessing speed (PS)35.

The mechanisms are still unclear, although different
non-exclusive factors that could be implicated in per-
sistent central nervous system (CNS) damage have
been proposed: presence of HIV-1 RNA in the CNS
compartment, toxicities of the cART and/or persistent
low-level inflammation in the CNS’. This takes on spe-
cial importance in PHIV infected patients, since the
viral CNS invasion occurs within the 1%t weeks of life®.

On the other hand, cART has completely modified the
course of HIV infection to a chronic disease in which life
expectancy is similar to the HIV negative population®.
The initiation of cART in infancy and early childhood
probably has a direct effect on the child's maturing CNS.

For this reason, several studies have been performed
over the past few years to attempt to identify the impact
of HIV severity in the CNS on this population group. For
instance, neuroimaging studies have contributed to the
diagnosis of CNS disorders in PHIV patients, and ad-
vances have significantly helped to define the neurologi-
cal manifestations of HIV infection since the onset of the
AIDS pandemic. One of the most relevant tools is mag-
netic resonance imaging (MRI), a non-invasive neuraim-
aging technigue that allows high-resolution anatomical
images of the brain in vivo (structural MRI) to be obtained
and the observation of brain activity (functional MRI). The
quantification of T1-weighted structural data provides
relevant measures of brain volume (grey matter, white
matter, and cerebrospinal fluid [CSF]; regional volume
estimation; and voxel-based morphometry [VBM]) and
cortical thickness, whereas Diffusion-Weighted Imaging
(DWI) provides measures of fractional anisotropy (FA)
and mean diffusivity (MD). The combination of these
varied structural measures allows for estimation of the
impact of the disorder on the integrity of brain tissue. In
addition, functional MRI (fMRI) characterizes brain activ-
ity based on the changes that occur in blood flow, vol-
ume, and oxygenation (Blood-Oxygen-Level Dependent
signal or BOLD signal)'®. This enables the observation
of the functional networks involved in various cognitive
tasks (task-based fMRI'!, as well as networks that remain
active at rest resting-state fMRI or rs-fMRI'2). This func-
tional information is essential to understand the cognitive
impact of PHIV infection even in the absence of detect-
able structural alterations.

The first goal of this article is to review recent neu-
roimaging research findings in patients with PHIV.

93

Specifically, we aim to identify brain areas where PHIV
seems to have greater impact taking into account
demographic, behavioral, and clinical characteristics
in PHIV infected patients. Two MRI techniques have
been used in this study: structural (MRI volumetrics
and diffusion tensor imaging [DTI]) and functional
(fMRI). Other neuroimaging modalities such as mag-
netic resonance spectroscopy or positron emission
tomography have also been used to study this popula-
tion but have not been evaluated in this systematic
review. Single photon emission computed tomography
studies do not appear to have been carried out in the
PHIV population.

Method
Literature search

The databases searched were PubMed and Medline
revealing articles that describe studies from 2010 to
April 2020 that have used structural and IMRI mea-
sures to build our knowledge of PHIV-associated CNS
alterations. Please see Supplemental Material (S1) for
an in-depth description of the keywords searched in
each neuroimaging technique described.

Study selection criteria

Three qualified researchers systematically evaluated
the keywords, ftitles, and abstracts associated with
each individual article to determine those papers that
may have met the inclusion and exclusion criteria. If
there was confusion or ambiguity regarding an article,
it was reviewed independently by the other coauthors
and rejected or retained based on the consensus of
the research team. Please see figure 1 for an overview
of the study selection.

Results

The results of the current review are presented in
sections, with two sections accounting for structural
(DTI, volume, and cortical thickness) and functional
neuroimaging methods (fMRI). For all studies a descrip-
tive table with socio-demographic, cognitive and psy-
chiatric data (see Supplementary Material S2) and
medical features of the clinical sample (Table 1) were
devised. For each part, two tables (Table 2 for structural
neuroimaging and Table 3 for functional neuroimaging)
are presented to include information regarding the
methods used in each study and the major findings.
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Imaging

N=11

Duplicates
excluded
N=12

Papers excluded based on
keywords, titles and abstracts
N=107

Papers excluded
after full-text analysis
N=4

—

Total
N=149

|

Total
N=137

|

Total
N=30

|

Total
N=26

Structural Imaging
=23

Figure 1. Literature search flow chart.

Demographic and behavioral
characteristics of the studies selected
population

The selected types of neurcimaging studies done on
PHIV patients have included 1182 participants® 1326,
They have been performed predominantly on sub-Saha-
ran African patients, with seven patients from the Asian
population and four Americans. All except four studies
have included an HIV negative control group, 50%
matched by age (n = 13), 38% by sex (n = 10), and
11% by ethnicity (n = 3). Only two studies matched by
years of education and one by socioeconomic status.
Fifty percent (n = 13) of the studies have described the
education level. Regarding the neuropsychological

Functional
Imaging
N=3

evaluation, seven papers did not consider cognitive sta-
tus, and three describe it using screening tools. Among
those that used neuropsychological instruments, the
main focus with regard to cognitive domains were 1Q,
PS and EF, with a significant presence of working mem-
ory measures included in this last domain.

Only one of the studies included a psychiatric evalu-
ation of the participants, although 27% (n = 7) of the
studies referenced psychiatric disorders as exclusion
criteria (please see S2).

Clinical measures

The PHIV clinical characteristics that have been re-
corded and associated with the neuroimaging
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Table 1: HIV disease and treatment characteristic

Study Age at HIV CDC, n (%) Encephalopathy, CD4 Nadir Most recent CD4 at Undetectable HIV on Age at cART Time on cART
diagnosis n (%) (cells/mm?3, %) MRI (cells/mm?3, %) viral load, cART, n (%) initiation (years) (years)
(y) n (%)
Ackermann MA MA MNA MA cells/mm?: 34 (87) 36 (92) Early cART MNA
et al., 2016% 1128 (471) 0.15 (0.03)
Late cART
0.7 (0.3)
Andronikou MNA MNA 0(0) cells/mm: 1099 cells/mm: 1403 NA 33 (100) MNA 0.29 (0.12)
et al., 2014% (823-1639) (1026-1766)
%: 214 (166256) %: 33.9(23.9-40.2)
Andronikou NA MNA MNA NA MNA MNA 33 (100) MNA NA
et al., 2015™
Cohen et al., 1.2 (0.6-4.9) N: 4 (13) 2(8) Z-score: -0.7 cells/mm® 27 (87) 28 (90) 2.2(095.2) 11.8 (7.7-14.5)
2016° A5 (18) (-1.5-0.4) 800 (590-1.030)
B: 13 (42)
C:9(29)
Herting et al., MNA MNA 2(6.4) %: 17 +- 9.5 MNA NA MNA MNA NA
2015
Hoare et al., MNA C:01(0) 0(0) NA cells/mm® 585 11 (91) 0 (0 - -
20127
Hoare et al., MNA MNA MNA NA MA NA MNA MNA NA
2015
Hoare et al., MNA NA 14 (18.7%) NA cells/mm™ NA 55 (73) MNA NA
20152 Encephalopathy
1061 + 464.72
HIV on cART:
1013 + 552.84
HIV ART naive 615
+ 210
Hoare et al., NA NA MNA NA cells/mm: 174 (85) 204 (100%) 3.4 7.18 (2.46)
2018" 955.12 (587.75)
Hoare et al., MA A MNA A Age of initiation ART MNA 100% Age of initiation Age of initiation
20190 < 2 years cellsfmm ART < 2 years ART < 2 years
8723 (414.54) 1.05 (0.54) 9.44(0.73)
Age of initiation ART Age of initiation Age of initiation
> 2 years cellsimm ART > 2 years ART > 2 years
989.7 (457.75) 498 (2.41) 5.75 (2.38)



Table 1: HIV disease and treatment characteristic (Continued)

Study Age at HIV CDC, n (%) Encephalopathy, CD4 Nadir Maost recent CD4 at Undetectable HIV on Age at cART Time on cART
diagnosis n (%) {cells/mm?, %) MRI (cells/mm?, %) viral load, cART, n (%) initiation (years) (years)
(vl n (%)

Jankiewicz MA A B a3 cellsfmm: cellsimm? 62 (85) 65 (100) Early cART Late cART
et al.. 2017 B: 10 (18) 1750 (927) 1124 (464) 0.16 (0.03) 6.57 (0.37)

C: 49(75) %: 32 (10) %: 37 (B) Late cART

(.66 (0.34)

Los Angeles MA MA MNA %: 165 %: 350 (27.6-29) 34 (B5) a7 (92) 35(1.4-63) MA
et al., 2016% (B.0-23.8)
Los Angeles B.Y MA MNA %: 165 %: 35.0 (27.6-429) 34 (B5) a7 (92) MNA MA
et al., 2047 (2.2, 10.49) (B.0-23.8)
Li et al., MA MA (0] M cellsmm?: 15 (100) 15 (100) 95 (3.4) MA
20153 605.8 (345.0)
Li et al., MA MA 0(d) MA cells/mm? B87 (257) 18 (72) 25 (100 85(33) 6.3 (2.9)
2018%=
Mwosu et al., A A9 (15) 9 (15) cellsmm? cellsmm?: EE (83) B0 (100) Early cART Late cART
2018 B: 19(32) 1899 (914) 1240 (460) 0.16 (0.03) 6.5 (0.36)

C: 32 (53) % 33 (9.4) %: CART 36 (B5) Late cART

.85 (0.32)
Faul et al., MA MA MNA cellsimm® MA 34 (ET) 36 (71) MA 34 (33-42)
2018+ 578 (280-04E)
Randall et al.,  MA MA MNA M cellsmm?: 38 (B9) 43 (100 0.35 (0.31) Late cART
2017 1.029 (677) 4.6 (0.46)
%: 37 (8)
Sarma et al., A MA MNA MA cellsimms=: 536 (340) 9 (56) 16 (100) 45 (4.8) A
2013
Sarma et al, 43 MA MA NA cellsimm?: Log viral load 14 (100) 48(47) 128(5.3)
2019 630.2 + 3075 < 1.68: 10
Toich et al., MA MA MNA M cellsmm?: 27 (100%) 15 (5E) 10 (8-23) 335 £ 40
20189 1222 + 400 12 (45) on
%36 +06 interrupted
cART

Uban et al., MA C:9(25) MNA %: 16 (9.5) %: 335 (11.5) 34 (B5) MA MNA MA
2015%
Wade et al., MA MA M 728 (323) 32 (75) 32 (75) 9.39 (3.23) MA
2019

(Confinues)
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Table 1: HIV disease and treatment characteristic (Continued)

Study Age at HIV CDC, n (%) Encephalopathy, CD4 Madir Maost recent CD4 at Undetectable HIV on Age at cART Time on cART
diagnosis n (%) {cells/imm?, %) MRI [cells/imm?, %) viral load, cART, n (%) initiation (years) (years)
iy n (%)

Wang et al., MA MA MNA 64175 £ 23167 MNA MA 13 (100) MNA 650 + 289

2018

Yadav et al.. MA MA MNA MA cellsimm?: 483 (240) MA 34 (100) MNA MA

2M7=

Y et al., MA MA (0] MA GE8.87 (199.89) 16 (100) 16 (100) MNA MA

2019%

“Diata are displayed as mean and 50 or median and [2H. MA: not aveilable; S0: standard deviation; 0 interquartile range; ART: entiretrovired therapy; cART: combined ART, CDC: Centers for Disessa Confrol.

Table 2: Summary information of structural neuroimaging data in each study included

Study Scanner strength, MRI sequence and Analysis Measures Staftistical Major findings
acquisition parameters software analysisfthreshold

Ackerman ar FsL FA, MD, AD, AMOVA and Two clusters were identified in the right CST, where FA

et al., DWI: 30 directions, b factor = NA, TRITE = RO Chi-square tests was lower in HIV children than in controls,

20161 9500/86 ms, FOV = MA, slice thickness = NA, p < 0.05 (MA) predominantly due to increased RO, CST rather than
number of slices = NA, gap = NA, acguisition ihe CC were predominanily involved. Children on
matrix = N4, voxel size =2 = 2 = 2 mm? early-interrupted ART had lower FA compared with
Sagittal MPRAGE: TR/TE = 2530/1.53/3.19/ ihose receiving continuous treatment

4 86/6.563 ms, Tl = 1160 ms, FOV = 224 « 224
mme, flip angle = 7°, number of slices = 144,
gap = MA, slice thickness = NA, acquisiion
matrix = N&, voxel size = 1.3 « 1.0 x 1.0 mm?

Andronikou 16T SPM GM WM, TBY Pearson and Premotor segment of the CC mean thickness correlated
et al., Axial T2 weighted: TR/TE = 5480/103 ms, (VEM) y CC Spearman with age. Motor CC maximum thickness correlated
20141 FOV = MA, acquisiion matrix = NA, slice thickness and p < 0.05 (MA) significantly with general developmental quotient; CC
hickness = 5 mm, gap = 1.5 mm, number length length correlated with a diagnosis of acguired
slices = MA microcephaly and to CD4 level closest to date of the
Saqittal T1 weighted: TR/TE = 53114, MRI scan

FOV = MA, acquisiion matrix = NA, slice
thickness = 5 mm, gap = 1.5 mm, number of
slices = MA

(Confinues)



Table 2: Summary information of structural neuroimaging data in each study included (Continued)

Study Scanner strength, MRI sequence and Analysis Measures Staftistical Major findings
acquisition parameters software analysisfihreshold
Andronikou 16T SPM GM WM, TBY t or Mann-Whitney There were no significant differences between HIV
et al., Axial T2 weighted: TRITE = 5460/103 ms, FOV (VEM) y CC fests infected patients and uninfected controls. Significant
20151 = NA, acquisition matrix = NA, slice thickness ihickness and Pearson correlation correlations included overall CC (mean) and total brain
=5 mm, gap = 1.5 mm, number slices = NA length and Spearman volume; prefrontal CC maximum with WM volume;
Sagittal T1 weighted: TH/TE 531/14, FOV = NA, p < 0.05 (MA) premotor CC mean with TBY and WM volume, premotor
acquisition matrix = MNA, slice thickness = CC maximum with WM volume and sensory CC mean
5 mm, gap 1.5mm, N° slices = NA with TBV
Cohen aoT FsL W, CGM, t or Mann-Whitney A lower GM and WM volume, more WMH, and a higher
et al., CW1 (DTI): &4 directions, b factor = 1000 s/ 1GM |J-test, Chi-sguare WM diffusivity were observed in the cases. Within the
20160 mm?, TRTE = 8476/92 ms, FOV = 224 x FA, MD, RO, fest HIV-infected children, a poorer clinical, immunologic,
224 mm?, slice thickness = MA, number of AD Muliivariable linear and virologic state were nagatively associated with
glices = MA, acquisition matrix = NA, voxel size regression p < 0.05 volumetric, WMH, and diffusivity markers
=2 x 2 x 2 mm* (MA)
Sagittal MPRAGE: TR/TE = 7.0/3.18 ms; Tl =
900 ms; FOV = 256 = 256 mm?, flip angle = 9°,
number of slices = 180, slice thickness = MA,
gap = NA, acquisition matrix = NA, voxel size
= MA
Hoare a1 MRI FsL FA, MD, RD i-test and Pearson *Slow progressors” had lower FA, higher MD and RD in
et al., OWI: 30 directions, b factor = 1000 simm?, TR/ p < 0.05, comected ihe CC, and increased MD in the SLF, compared o
2012w TE = 8800/88 ms, FOV = MA, slice thickness = conirols. A comelation was found between poar
MA, number slices = NA, gap = NA, acguisition periormance on a test of EF and a test of attention with
matrix = N&, voxel size = 1.8 x 1.8 x 2 mm? CC FA, and a test of EF with lowered FA in the SLF
Hoare ar FsL FA, MD, RD, Muliiple regression Decreased FA was associated with being an
et al., OW1 (DTI): 30 directions, b factor = 1000 s/ AD model second-ine cART, low hemoglobin, and younger age.
20151 mm?, TR/TE = BR00/A8 ms, FOV = 220, slice p < 0.05 (MA) Children with increased MD, were younger, had

ihickness = NA, number of slices = NA. gap =
0, acquisition matrix = NA&, voxel size = 1.8 x
1.8 % 2 mm?

reduced albumin and hemoglobin, and increased VL.
Decreazed AD was associated with increased V0L and
fofal protein, decreased albumin and hemoglobin,
younger age, poorer fronto-striatal cognition, and being
on second-fine cART. Increased RD was associated
with younger age, low current C04 count, low albumin
and hemoglobin, and higher VL and total protein

(Confinues)
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Table 2: Summary information of structural neuroimaging data in each study included (Continued)

Study Scanner strength, MRI sequence and Analysis Measures Statistical Major findings
acquisition parameters software analysisfthreshold
Hoare ar F5L (TBSS) FA, MD, RO, ANCOVA Results of the ANCOVA examining DTI indices between
et al, CWI (DT1): 30 directions, b factor = pipeline AD p < 0.05 comected healthy conirol and HIV-infected group revealed
2015° 1000 s/mmé, TR/TE = 8800/88 ms, FOV = 220 decreased FA, indicating damaged neuronal
mm, acquisition matrix = MNA, slice microstructure, in the left cerebral peduncle and formix
ihickness = MA, number of slices = MNA, of the HIV-infected group
gap = 0, acguisition matrix = NA, voxel Within the HIV-infected group, children with HIV
size = 1.8 =% 1.8 » 2 mm? encephalopathy had poor WM integrity when compared
o ART-freated children without encephalopathy, and
ihere was significant myelin loss in ART-naive children,
compared with ART treated children. ART-treated
children had significant axonal damage in the CC
Hoare ar F5L (TBSS) FA MD GLM HIV infected adolescents had significant FA decreases,
et al.. DWI (DTI): 30 directions, pipeline W, tGM, CT Pearson and MD increases, and decreases in cerebral GM volumes,
2018 b factor = 1000 s/mm?, TR/TE = 8800/88 ms, Freesurfer and cortical Spearman cortical surface area and decreased gyrification. WB
FOV = 220, slice thicknass = MNA, number of surface area p < 0.05 comected mean FA was significantly reduced in the HIV-infected
slices = 65, NA, gap = 0, acquisition matrix = group. There were significant comrelation coefficients
MNA, voxel size = 1.8 = 1.8 x 2 mm? between greater fofal GM and WM volume wiih the
MPRAGE: TR/TE = 2530/1.53/3.21/ WAS| and the Becks self-concept subscale. Lower WB
4 89/6 57 ms, Tl = 1100 ms, FOV = 256 = FA was associated with higher scaores on the Becks
256 mm?, flip angle = 7°, number of slices = anger and disrupiive behavior subscales. Higher WB
144, slice thickness = 1 mm, acquisition mairix MD was associated with apathy
= MA, voxel size = 1.3 = 1.0 x 1 mm?
Hoare ar FSL (TBES) FA, MD, RD, AMOVA There was a trend fowards attention and WM being
et al.. DWW 30 directions, b factor = 1000 simm?, pipeline AD {-test poorer in the group who initiated ART = 2 vears. FA
20190 TRITE = 8800/88 ms, FOV = 220 mm, slice p < 0.05 (MA) was lower in the » 2-year group in the superior CR, and

thickness = NA, number of slices = 65,

gap = 0, acguisition matrix = NA, voxel size =
18x18 = 2mm?

MPRAGE: TRITE = 2530/1.53/3.21/

4 B6/6.57 ms, Tl = 1100 ms, FOV = 256 =
256 mm, flip angle = 7°, number of

slices = 144, gap = MA, slice thickness = 1
mm, acquisition matrix = NA, voxel size = 1.3
x 1.0 mm?*

ihe extemnal capsule. MD was higher in the = 2-year
group in the cerebral peduncle, the superior CR, and
ihe SFOF. RO was higher in the = 2-year group in the
superior CR, the cerebral peduncle, and the SFOF.
However, the higher AD in the » Z-year group in the
superior CR was not in the expected direction

(Confinues)



Table 2: Summary information of structural neuroimaging data in each study included (Continued)

Study Scanner strength, MBI sequence and Analysis Measures Statistical Major findings
acquisition parameters software analysisfthreshold
Jankiewicz ar TORTOISE FA, MD, RO, General lingar At 7 years, we found two regions in the left IFOF and
et al., OWI: 30 directions, b factor = 1000 sfmm?, TR/ FEL general AD model {GLM) left ILF with lower FA in HIV+ children compared o
20174 TE = 10000/86 ms, FOV = 224 « 224 » 144 linear model p < 0.05 (MA) contrals. Higher MD was observed in a similar region in
mm?, slice thickness = NA, number of slices = ihe IFOF, albeit bilaterally, as well as multiple clusters
MA, gap = WA, acquisition matrix = 112 = 112 bilaterally in the superior CR, the anterior thalamic
x 72, vorel size = 2 = 2 x 2 mm?. radiation and the right forceps minor. Unlike at & years,
MPRAGE: TR/TE = 25301 .533.1% we found no impact on WM of ART initiation. In HEL
4.86/6.53 ms, Tl = 1160 ms, FOV = 224 x 224 x children, we found a cluster in the right posterior CR
144 mm. flip angle = 7°, number of slices = NA, with higher FA compared to HU children, while bilateral
gap = 0, slice thickness = NA, acquisition regions in the CST demonstrated reduced MD
matrix = MA, vaxel size = 1.3 x 1.0 » 1.0 mm?
Los ar Fraasurfer Surface-based Pearson GLM Mengative correlations between shape deformation and
Angeles Sagittal MPRAGE: TR/TE = 2170/4.37 ms, zhape p < 0.05 comected peak HIV VL were found in clusters in the caudate tail,
et al., Tl = 1100 ms, FOV = 256 » 256 mm, globus pallidus, lateral putamen, and anterior and medial
20162 flip angle = 7¢, number of slices = 144, gap: halamus. Positive comelations between shape deformation
MA, slice thickness = MA, acquisition and nadir CO4% were found in clusters in the medial and
matrix = 256 » 2566 » 160, voxel size =1 = 1 posterior thalamus. Inward deformation in caudate and
x 1.2 mm? ihalamic clusters commelated with worse cognition
Los ar Freesurier Total and Spearman, t-test, PHIV youth had smaller total and regional GM volumes
Angeles Sagittal MPRAGE: TR/TE = 2170/4.37 ms, Tl = regional GM Pearson lingar ihan HUE and uninfected youth, with smallest volumes
et al., 1100 ms; FOV = 256 = 256 mm, flip angle = brain volumes reqression models, zeen among PHIV youth with higher past peak V0L and
20172 7°, number of slices = NA, gap = MNA, slice GLM recent unsupprassed V0L In PHIV youth, worse
hickness = MA, acquisition matrix = MNA, voxel p = 0.05 (NA) cognitive performance correlated with smaller volumes.
size=1 = 1= 1.2mm? Among PHIV youth, smaller volumes were also linked to
substance use
Lietal, ar FsL FA, MD, RO, Muliiple linear Relative fo HIV-negative controls, HIV-positive
2015 OWI: 20 directions, b factor = 1000 sfmm?, TR/ AD regression analysis adolescents demonstrated significantly reduced FA in

TE = 6000/8T ms, FOV = 240 x 240 mm, slice
thickness = 3 mm, number of slices = MNA, gap
= WA, acquisition matrix = 128 = 128 zemno filed
10 256 x 256, voxel size = NA

1-way analysis of
covariance

p <= 0.085,
uncorrected

ihe CC, supenor and postenor CR, frontal and parietal
WM, pre-/post-central gyrus, and SLF. In the affected
regions, FA reduciions were caused by an increase in
RO, and no changes were observed in AD. Moreover,
F& values in the bilateral frontal WM were negatively
correlated with the duration of HAART and were
positively associated with the age at onset of HAART
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Table 2: Summary information of structural neuroimaging data in each study included (Continuwed)

Study Scanner strength, MRI sequence and Analysis Measures Statistical Major findings
acquisition parameters software analysisfthreshold
Lietal, ar SPM12 VBEM and -test, Chi-sguare GM losses were pronounced in ACC, right pallidumn, right
2018% Axial MPRAGE: TRITE = 1900/2.1 ms, Tl = 800 structural fest occipital lobe, inferior parietal lobe, and bilateral
ms, FOV = MA, flip angle = 9% number of network p < 0.05, comected cerebellum crus. The global brain network measures
slices = 160, gap = NA, slice thickness = analysis were not significantly different between groups; however,
1 mm; acquisition matrix = 320 « 320, voxel (global and fthe nodal alterations were maost pronounced in frontal,
gize=1 = 1mm regicnal temporal, bazal ganglia, cerebellum, and tfemporal lobes.
properties) Brain hubs in the HIV-infected subjects increased in
number and tended to shift to sensorimoior and temporal
areas. In the HV-infected subjects, decreased GMVE in
ACC and bilateral cersbellum were refated to lower
MMEE scores; the CO4 counts were positively related to
the GMVs in ACC and sensonmoior areas
Mwosu ar Freesurfer gyrification, {-test, Chi-square HIV+ children showed reduced gyrification compared to
et al, MPRAGE: TRITE = 2530/1 .53/3.1%/ regional and fest controls in bilateral medial parietal regions, as well as
2018% 4 BB/E.53 ms, TI = 1160 ms, FOV = NA, flip fotal brain Lingar regression reduced volumes of the right Pu, left hippocampus, and
angle = WA, number of slices = 144, gap = volumes p < 0.058 global Wi and GM and thicker cortex in small lateral
MA, slice thickness = NA, acquisition matriy = occipital region. Earlier ART initiation was associated
MNA, voxel size = 1.3 x 1.0 x 1.0 mm?. with lower gyrification and thicker cortex in medial
frontal regions. Early ART appears fo preserve CT and
volumes of certain brain structures, HIV infection is
associated with reduced gyrification in the parietal
cortex, and lower Pu and hippocampus volumes
Faul et al., 1.5T MAI FsL caudate, Pu, Chi-square test or HIV- infected children exhibiied larger volumes of the
2018 Axial 30 SPGR: TR/TE = 11.2iminimum ms, T Freesurfer GP, amygdala, Fisher's exact tests caudate, MA, fotal GM, and cortical GM when compared
= MA, FOV = mm, flip angle = 7%, number of MA, and independent fo the controlz. Violumetric differences were predominately
slices =, gap = MNA, slice thickness = 1.0mm, hippocampus, -tests, Linear evident in children under 12 years of age. Meither cognitive
acquisition mairix = 256 » 256, voxel size = fotal WM, GM, reqression performances nor laboratory markers comesponded fo
MA cortical GM Factor analysis [orain volumes in the HIV-infected children
p < 0.05 (MA)



Table 2: Summary information of structural neuroimaging data in each study included (Continued)

DiithlicrariAnnAe

Study Scanner strength, MRI sequence and Analysis Measures Staftistical Major findings
acquisition parameters software analysisfthreshold
Randall 3T MRI MuliiTracer+ Basal ganglia AMOVA HIV+ children had significantly larger MNA and Pu
et al., Sagittal MPRAGE: TR/TE = 2530/1.53/3.19f Freesurier and CC Lingar regression volumes bilaterally and left GF volumes than contraols,
2017= 4 BB/6.53ims, Tl = 1160 ms, FOV = NA, flip Multiple regression whilst CC was smaller. Bilateral Pu was larger in both
angle = 7%, number of slices = 144, gap = NA, p < 0.05 (MA) freatment groups compared to conirols, while left GP
slice thickness = NA, acquisition mairix = MNA, and bilateral WA were enlarged only in ART-After 12
voxel size = 1.3 x 1.0 = 1.0 mm? weeks children. CC was smaller in both treatment
groups compared to conirols, and smaller in ART-After
12 weeks compared to ART-Before 12 Wks. Within
infected children, delayed ART initiation was associated
with larger Pu volumes, effects that remained significant
when confrolling for sex and duration of treatment
interruption, and lower CD4/CD8 with larger caudates
conirolling for sex. Volumetric differences were greater
in children who initiated ART after 12 weeks
Sama ar SPM global and AMNCOVA,; WM afrophy appeared in perinatally HIV-infected youlhs
et al., MPRAGE: TRITE = 2200/2.34 ms, Tl = 900 ms, regional GM, uncorrected in brain areas including the bilateral posterior CC,
2013= FOV = 230 = 230 mm, flip angle = 9°, number WM, and CSF ihreshold, bilateral external capsule, bilateral ventral fempaoral W,
of slices = 192, gap = NA, slice thicknass: volumes p = 0.001, mid cerebral peduncles, and basal pons over conirols.
0.9 mm, acquisition mairix = 320 » 320, voxel uncorrected GM volume increase was obsenved in HIV-infected
size = NA youths including the left superior frontal gyrus, inferior
occipital gyrus, gyrus rectus, right mid cingulum,
paranippocampal gyrus, bilateral inferior temporal
gyrus, and middle temporal gyrus compared with
controls. Global WM and GM volumes did not differ
significantly between groups
Sama ar SPM FA, MD, RO, AMNCOVA,; Regional increases in FA in the PHIV youths were found
et al., Axial DWI: 64 directions, b factor = 700 simm?, AD uncorrected in left middle fronfal gyrus, right precuneus, right lingual
20190 TRITE = 10000/20 ms, FOV = 256 x 256 mm, threshold, gynis, and left supramarginal gyrus. Increased MD was
slice thickness = 2 mm, number of slices = 75, p = 0.001, found in the nght precentral gyrus while decreased MD
gap = 0, acquisition matrix = 130 x 130, voxel uncorrected was found in the WM of the right superior parietal lobule

size = NA

MPRAGE: TR/TE = 2200/12.2 ms, Tl = 800 ms,
FOV = 240 » 240 mm, flip angle = 9°, number of
glices = 176, gap = NA, slice thickness: 1 mm,
acquisiion mafrix = 256 x 256, voxel size = mm?

and right inferior temporal gyrusfiusiform gyrus. Regions
of increased/decreased RD overlapped with regions of
increased/decreased MD. Both increased and decreased
AD were found in three fo four regions respectively

(Confinues)
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Table 2: Summary information of structural neurcimaging data in each study included (Continued)

103

Study Scanner strength, MRI sequence and Analysis Measures Statistical Major findings
acquisition parameters software analysisfthreshold
Uban aT FsL FA, MD, RO, AMOVA WE FA was reduced, but RD and MD were increased in
et al., DWI: 30 directions, b factor = 1000 sfmmz, AD Pearzon PHIV compared with control youth. Within PHIV youth,
2015% TRITE = 172 000/88,000 ms, FOV = NA, slice Statistical trends more severe past HIV disease was associated with
hickness = 2.5 mm, number of slices = NA, were reported reduced FA of the right IFO and left uncinate fracts;
gap = MA, acquisition matrix = 96 x 96, voxel (comected alevated MD of the F minor; and increased sireamlines
size = NA p < 0.10) comprising the left ILF. Associations of higher peak VL
with lower working memory performance were partly
mediated by reductions in right IFO FA levels
Wade 16T SPM Thalamus, Pu, Fixed effects The PHIV sample were randomized fo initiate cART
et al., Axial 3DSPGR: TRTE = 11.2/minimum ms, pallidum, multivariate linear when CD4 counts were 15-24% or when CD4 < 15%. A
2019% FOW = NA, flip angle = , number of slices = amygdala, NA, regression analyses pallidal subregion was significantly thinner in children
MA, gap = WA, slice thickness: 1 mm, caudate, Longitudinal models with PHIV. Regional thickness, surface area, and
acquisition matrix = 256 » 256, voxel size = hippocampus, p < 0.05 (MA) volume of the pallidum were associated with CD4 count
isotropic subcortical in children with PHIV. Longitudinal morphometry was
shape not associated with HIV or cART status or timing,
however, the frajectory of the left pallidum volume was
positively associated with baseline CD4 count
Yaday aT Freesurfer CT and -test, Chi-sgquare Altered CT, subcortical volumes, and abnormal
et al., Fast spoiled gradient echo FSPGR: subcortical fest Pearson neuropsychological test scores were observed in
2017% TRITE = 8.4/3.32 ms, Tl = 400, FOV = 240 x volumes p = 0.05, comacted pediatric HIV patients. The structural network

240 mm?, flip angle = 13°, number of slices =
MA, gap = WA, slice thickness = 1 mm,
acquisition matrix = 512 » 512, voxel

size = MA.

connectivity analysis depicted lower connection
strengths, lower clustering coefiicients, and higher path
lengih in pediatric HIV patients than HC. The network
Detween ness and network hubs in coricolimbic
regions were distorted in pediatric HIV patients

(Confinues)



functional area of the right prefrontal, parietal lobe and the

motor area, cortical thinning of brain regions were
volume of the bilateral cerebellum was positively correlated

Longitudinal studies showed that the GM volume reduction
with the WCST, while the CT of the right dorsolateral

HIV-infected children was widely reduced in the bilateral
of HIV+ children after 1 year occurs in the advanced

Cross-sectional studies showed that the GM volume of
frontal, temporal, and insular regions, and cerebellum.
sensorimotor cortex and the limbic system. The GM

prefrontal cortex was negatively correlated with WCST

Major findings

analysis/threshold
t-test, ANOVA
p < 0.05, corrected

Statistical

Measures
VBM (volume
change and
GMV) and CT

software

Analysis
SPM

5000/2.88 ms, T
NA, flip angle = 47, number of

MNA, slice thickness = 1
mm, acquisition matrix = 256 x 256, voxel size

Scanner strength, MRI sequence and
1 % 1mm?

acquisition parameters
ar

Axial MPRAGE: TR/TE
700 ms, FOV

slices = 176, gap

Study
Yu est al.,
2019%

L: left; R: nght; S: supenor; i- inferior; & anterior; p: posterior; FA: fractional amsoiropy; RD: radial diffusiity; ART: antiretroviral therapy; HC: healthy controls; CC: corpus callosum; GMDS: Griffithe Mental Development Scores; HAART: highly active ART; CD4:

CD4 lymphocyte; HIV-: HIV-exposad uninfected; HIV+: HV-infectad; BVT: brain wolume Total, CT: cortical thickness; GM: gray matter; WM: white matter; WMH: white matter hyperintensity; WE: whole brain; CDC: Centers for Disease Control; MD: mean
diffusivity; SLF: supernior longitudinal fasciculus; HEU: HIV exposed uninfected; HU: HIV unexposed uninfected; IFOF: inferior fronto-occipital fasciculus; CST: corticospinal tract; CR: corona radiata; ATR: antenor thalamic radiaton; Whil: Working Memory Index;

Table 2: Summary information of structural neurocimaging data in each study included (Continued)
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parameters are quite variable, finding predominantly
registration of number of patients on cART (23/26),
actual CD4 count (21/26), and percentage of patients
with undetectable viral load (18/26). Only ten of the 26
studies (38%) have recorded the number of patients
with PHIV encephalopathy, and five of those cited this
as an exclusion criterion. Five studies (24%) have tak-
en into account the clinical CDC classification of the
participants. Mareover, with relation to early initiation
of cART, only five studies included this information, and
just three of the 26 studies have recorded age at di-
agnosis (please see Table 1).

Structural neuroimaging

Description of the methods

Structural imaging analysis can currently differentiate
neuronal tissue into grey matter, white matter, and CSF
measurements in single subjects and across large
populations. These brain morphometry methods de-
pend on an excellent contrast between different tissues
to define grey matter density, grey matter volume, and
the inner and outer surface of the cortex. The develop-
ment of different automatic processing approaches to
brain morphometry analysis includes VBM, deforma-
tion-based morphometry (DBM), and surface-based
morphometry (SBM).

VBM is a fully automated technique that aims to
estimate local differences in tissue composition, after
minimizing gross anatomical differences between indi-
viduals®'. The entire brain or specific regions of interest
both in healthy subjects and patient groups can be
analyzed using VBM?32:39,

While VBM focuses on the residual image variability
after subject image transformation, DBM analyses how
much the voxel volumes change during subject image
registration to the reference template. Using SBM sep-
arate features of grey matter anatomy such as surface
area, cortical thickness, curvature and volume can be
analyzed. SBM differs from VBM and DBM approaches
which ultimately analyze image properties at the level
of voxels. Surface based cortical thickness measures
have the advantage that they allow for subvoxel preci-
sion with thickness values being assigned to individual
vertices rather than voxels.

DTl is a non-invasive MRl method. The diffusion
properties of water in the brain®® can be used to esti-
mate the integrity of WM tracts using different vari-
ables. FA represents an index of the coherence of the
diffusion, the degree of myelination of the fibers and

MMSE: Mini-Mental State Examination; SWI: suscephibility-weighted maging; IFO: infenior fronto-occipital; ILF: left mferior longitudinal fasciculus; HC: healthy conirol; FWE: Family Wise Emror; TFCE: threshold-free cluster enhancement; WCST: Wisconsin Card
Sorting Test; GLM: general linear model, MRI: magnetic resonance imaging; AD, axial diffusiwty; NA: not available; CST: corficospinal tract; VBM: voxel-based morphometry; TGM: total GM; TWM: total WM; CGM: corbical GM; EF: executive funchoning.

PEl: Processing Speed Index; CPI: Cognitive Proficiency Index; GP: globus pallidus; VL: viral load; LH: left hemisphere; MA: nucleus accumbens; IC Infenor capsube; FLAIR: fluid-attenuated inversion recovery; ACC: antenor cingulate cortex; GMV: GM volume;



Table 3: Summary information of functional neurcimaging data in each study included

Study Scanner strength, MRI sequence and acquisition Analysis Modality Statistical Major findings
parameters software analysis/threshold
Herting ar FSL rs t-test, Chi-square Global alterations in DMN within- and betwesen-network
et al., RS-MRI: TRITE = 2000/30 ms, FOV = 64x64 mm?, flip tests connectivity, with significant associations betwesn disease
20151 angle = 75°, Number slices = 33, gap: 4.99, slice multiple severity and DMMN BOLD correlations. Furthermore, patterns of
thickness: 4 mm, acquisition matrix = NA, voxel size = regressions connectivity with the posterior cingulate cortex (PCC, p 0,011)
MA&, volumes = 180. p < 0.05, and medial prefrontal cortex (mPFC, p 0.006) that varied as a
MPRAGE: TR/TE = 2170/4.33 ms, Tl = 1100 me, FOV corrected function of peak HIV RNA were found to predict processing
= NA, flip angle = 7°, Number slices = 192, gap: NA, speed ability
slice thickness: 1.1 mm, acquisition matrix = 256256,
voxel size = NA.
Toich ar FSL rs Regrassions Mo differences within any ICA-genarated RSNs batwean HIV+
et al., RS-MRBI: TRTE = 2000/30 ms, FOV = 220x220x164 p < 0.05, NA and uninfected children, whole brain connectivity to seads
2018% mm?, flip angle = 77°, number of slices = 33, gap = located at RSN connactivity peaks revealed several loci of FC
1mm, slice thickness: 4 mm, acquisition matrix = NA, differences, predominantly from seeds in midline
voxel size = 3.44x%3.44x5 mm?, volumes = 180 regions (posterior cingulate cortex, paracentral lobule, cunaus,
Sagital MPRAGE: TR/TE = 2530/1.53/3.19/4.86/6.53 and anterior cingulate). Reduced long-range connectivity and
ms, Tl = 1160 ms, FOV = 224x224x144 mm?, flip increased short-range connectivity suggest developmental
angle = 7°, number of slices = NA, gap = NA, slice delay. Within the HIV+ children, clinical measures at age
thickness = NA, acquisition matrix = NA, voxel size = 7 years was not associated with FC values in any of the RSNs;
1.3x1 x 1.3 mm?. however, poor immune health during infancy was associated
with localized FC increases in the somatosensary, salience and
basal ganglia networks
Wang ar SPM rs t-test, pearson Significant differences of ReHo values in PHIV+ adolescents
et al., RS-iMRI: TRTE = 2000/30 ms, FOV = NA, flip angle = correlation compared to PHIV- conirals, the areas with T ReHo values
2018 90°, number of slices = 30, gap = 0, slice thickness = p < 0.05, include bilateral precentral/post-central gyrus and right middle
4.5 mm, acquisition matrix = 64x64, voxal size = mm?, corrected temporal pole. And the areas with 1 ReHo values locate in right

valumes = 210.

MPRAGE: TR/TE = 1900/2.1 ms, Tl = 900 ms, FOV =
MA, flip angle = 9%, number of slices = 176, gap =
MA, slice thickness = 1 mm, acquisition matrix =
256x256, voxel size = NA

putamen/pallidum/finsula; left caudate/putamen/insula, right
superior temporal polefinsula, right caudate/putamen, bilateral
anterior cingulate cortex and left inferior temporal pole.
Furthermore, age, cognitive scores and nadir CD4+ T-cell
counts did not show any significant correlation with altered
ReHo values of brain regions neither in PHIV+ groups nor in
PHIV- control groups

D#AM: default mode network; BOLD: blood-oxygen-level dependent; PCC: posierior cingulate cortex; mPFC: medial prefrontal cortex; BMA: ribonucheic acid; ICA: independent componant analysis; RSMS: resting state networks; WB: whole brain; cART:
combination antiretroviral therapy, CD4%: CD4 lymphocyte percentage; RS- MRI: magnetic resonance imaging; fMRI: resting state functional MRI; PHACS: Pediatric HIV/AIDS Cohort Study; PHIV: perinatally acquired HIV; FC: functional connectivity; NA:
not available, RSNs: resting state networks; FeHo: regional homogeneity.
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the degree of axonal damage*!. This index is the most
commonly reported of DTl measures, however, other
indices also offer relevant information regarding WM
integrity, such as MD, radial diffusivity (RD), and axial
diffusivity (AD). MD is an overall measure of displace-
ment of the water molecules and provides information
regarding the magnitude of diffusion. A decrease in FA
combined with an increase in MD has been suggested
to be an indicator of an alteration of WM*?. AD and RD
are indicators of the integrity of the axon and the in-
tegrity of the myelin, respectively*.

Structural neuroimaging in the PHIV
population

A summary of structural neuroimaging studies per-
formed in the PHIV+ population are presented in
table 2. Initially, 1.5 T field MRI was used to acquire
high resolution T1-weighted images, but 3T has been
more commonly used in recent studies. SPM,
Freesurfer, and FSL are the most widely used analysis
software.

Twelve studies used brain morphometry methods
(most of them through VBM approach), nine used DTI
and two used both methods. With regard to brain mor-
phometry studies comparing PHIV to healthy controls,
most of them show reduced GM volumes, cortical sur-
face area and decreased gyrification in the PHIV group
except three?”.2230 which found larger volumes in the
same brain areas. One study did not find differences
among groups'. There is no consensus as to which
brain areas seem to be more affected although basal
ganglia were often impacted.

In terms of DTl studies, the four most popular in-
dexes were explored in all of them with one exception
which only reported FA and MD. Findings seem to
agree on FA reduction in the PHIV group and increase
in MD within white matter integrity, but no consensus
was found regarding the location of these changes
depending on the study. For instance, a significant FA
reduction was found by some authors in inferior fronto-
occipital fasciculus, inferior longitudinal fasciculus?!,
whereas this reduction was found by others in superior
longitudinal fasciculus (SLF)?*, corticospinal tract'?, or
corpus callosum (CC)'"%* relative to HIV-negative
controls.

The alterations in brain structure within the PHIV+
population was related to a poor immunovirological
status, in most of the cases defined by high viral load,
delayed ART initiation, and lower CD4 count but results
are quite variable across the different studies. In

general, early ART appears to partially preserve corti-
cal thickness and wvolumes of certain brain sfruc-
tures®2528 although some abnormalities in white matter
are also present in well controlled patients when com-
pared with HIV negative controls’®. Some authors
found associations between actual CD4 count and re-
gional brain volumes®23 or brain connectivity'® but
most of them did not. Nevertheless, only one study?®
included complete data about PHIV disease and treat-
ment as recorded in table 1. In this last case, a poorer
clinical, immunologic and virologic state were nega-
tively associated with volumetric, WMH, and diffusivity
markers.

Several findings suggest that altered cortical and
subcortical structures and regional brain connectivity
in pediatric HIV patients may contribute to deficits in
their cognitive functions®. For example, smaller vol-
umes were associated with worse cognitive perfor-
mance® 923353 with no consensus in the brain
structures that experience these changes. However,
Paul et al., 201877, found that cognitive performances
did not correspond to brain volume changes in PHIV-
infected children. Where DTI is concerned, some au-
thors posit that similar performance in neurocognitive
domains suggests that neurocognitive tests may not
be as sensitive as DTl in detecting brain alterations
caused by PHIV infection®. It is worth noting that some
studies have shown some FA changes are sensitive to
cognitive performance. Hoare et al.'” found a correla-
tion between poor performance on a test of EF and a
test of attention with CC FA, and a test of EF with
lowered FA in the SLF. Similarly, Uban et al.** found
associations of higher peak viral load with lower work-
ing memory performance were partly mediated by re-
ductions in right IFO FA levels. For MD, a negative
association with cognition has been described® . Only
one study reported a decrease in AD related to poorer
fronto-striatal cognition (PS, EF, and attention)?.

In overall terms, these studies suggest structural al-
terations in the PHIV receiving cART. Most studies
have been performed cross sectionally, in small sam-
ples and differ in terms of neuroimaging methods.
International protocols are needed to assess the im-
pact of PHIV-infection on the brain.

fMRI
Description of the method

fMRI is a neurcimaging method that measures brain
activity by detecting changes associated with cerebral



blood flow. The neural activity of the brain is indirectly
determined by the BOLD response, which is influenced
by different factors including cerebral blood flow,
blood volume, and the ratio of deoxyhemoglobin to
oxyhemoglobin®4,

Two main designs use the BOLD signal to deter-
mine the energy used by brain cells: task-related
fMRI and resting-state fMRI. Task-related fMRI mea-
sures brain activity while someone performs a task
while in the scanner. Cerebral blood flow varies de-
pending on the energy required by neurons during
a task, and hence the BOLD hemodynamic response,
which indirectly represents a measure of neuronal
activity*.

On the other hand, resting-state fMRI reveals the
functional connectivity (FC) between distributed neural
networks by identifying regions at which the BOLD
signal shows temporal coherence. This design offers
information about the activity of the brain while the
mind is “at rest” and not engaged in tasks.

Several methods to process resting-state fMRI data
have been proposed. These can be placed into two
groups: model-dependent and model-free methods.

Model-dependent methods (“seed method”) are a
way of examining the FC of a particular brain region.
It is a method that allows for the correlation of the
resting-state time-series of the represented brain re-
gion against the time-series of all other regions, result-
ing in a FC map (fcMap) defining the FC of the
predefined brain region*®#8. This region of interest is
typically called seed.

In contrast to seed-based methods, model-free
methods search general patterns of (unigue) connec-
tivity across brain structures. Several model-free meth-
ods have been suggested and efficiently applied to
resting-state time-series, including principal compo-
nent analysis (PCA)*, independent component analy-
sis (ICA)*™% and hierarchical®®®, Laplacian®, and
normalized cut clustering®. ICA-based methods are
the most frequently used and search for a variety of
underlying sources that can explain the resting-state
patterns, looking for the presence of spatial sources of
resting-state signals that are maximally independent
from each other. ICA methods can be applied to whole-
brain voxel-wise data and as the temporal signals of
the independent resting-state components can be eas-
ily chosen for further examination of possible group
differences between healthy contrals and patients. A
potential disadvantage of ICA methods might be that
the independent components are usually considered
more challenging to understand than seed-dependent
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fcMaps. This could be because they contain a more
complex representation of the data, which could con-
fuse the translation of between-group results to clinical
relevance®’.

fMRI in the PHIV population

Table 3 summarizes the only three studies that have
used resting-state fMRI in PHIV+. 3 T field MRI was
used in all studies. SPM and FSL were the software
used for analysis.

Evidence of PHIV-related developmental delay has
been provided through resting-state FC18.3134 show-
ing that young adults with more advanced PHIV dis-
ease severity had a “less mature” default mode
network. The same regions seem to be at particular
risk of alteration in the PHIV population, specifically
the medial prefrontal cortex (mPFC), posterior cingu-
late cortex (PCC), R lateral parietal and occipital cor-
tices, R middle frontal gyrus, L superior frontal gyrus,
as well as inferior frontal gyri, although in different
hemispheres'®31,

Wang et al.** evaluate regional homogeneity (ReHo)
finding differences in several brain areas when com-
pared to a contral group. Toich et al.3', however, found
no group differences when using ICA but did find FC
differences in whole brain connectivity to seeds lo-
cated at resting-state networks connectivity peaks re-
vealed several loci, predominantly in the PCC,
paracentral lobule, cuneus, and anterior cingulate).

In terms of immunovirological variables, FC was re-
lated to viral load and nadir CD4'® and actual CD4>'.
Wang et al.®* found no correlation between ReHo and
nadir CD4.

In respect of neuropsychological testing only one
study'® evaluated different cognitive domains. Patterns
of connectivity with the PCC and mPFC that varied as
a function of peak HIV RNA were found to predict PS
ability.

Overall, there is preliminary evidence to suggest al-
terations in FC at rest'82'3 finding the method suffi-
ciently sensitive to detect functional alterations in the
PHIV population. Further studies are needed with larg-
er sample sizes, better defined control groups, and
longitudinal designs.

Conclusions and future directions
All the reviews of neuroimaging research have pro-

vided ample evidence that PHIV also has effects on
underlying brain structure. Research into the
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mechanisms that cause long-term brain disorders is a
promising strategy to prevent them. However, there are
still limitations, not least of which neurocimaging re-
search is cost- and labor-intensive, and typical studies
of only 20-40 patients may be underpowered. The situ-
ation is exacerbated in PHIV studies, where recruit-
ment is often more challenging with large variability in
multiple variables that often are not recruited. Some of
the parameters that would be determinant in neurcim-
aging studies are missing, such as socioeconomic and
health conditions, quality of life, medial characteristics
including cART and age at treatment onset, and age
at PHIV diagnosis, CDC classification including en-
cephalopathy, other medical comorbidities, including
psychiatric disorders or drug use. Furthermore, impor-
tant factors such as nutrition are not well controlled in
African population studies.

High-quality research can be supported by the fund-
ing of larger studies, involving collaboration across
multiple research groups. However, in spite of the lack
of substantial grant funding, researchers can find in-
novative ways to maximize research resources and
boost power through collaboration®,

Another limitation is that neurcimaging in general,
and PHIV brain imaging in particular, contains incom-
plete, inconsistent, and sometimes contradictory re-
sults. This lack of consistency and the differences in
techniques account for the variations in research
findings®®. The neurocimaging community has re-
sponded to these challenges by synchronizing pro-
tocols and data sharing data. Although limited in
number, large scale (> 1000 subjects) MRI datasets
of healthy infants are available to the scientific com-
munity these have not been used in any of the studies
reviewed, despite most of the recruited patients be-
ing of brain development age. Future PHIV studies
ought to employ matching hardware and scan se-
guences, allowing for comparisons to normative data.
While new PHIV imaging studies may want to focus
on more specific hypotheses or on more refined im-
aging technologies, the PHIV community would ben-
efit considerably by also adopting an open-data
approach and harmonizing data collection methods
and analytical approaches with these larger neuroim-
aging efforts.

Although remarkable progress has been made,
conducting more accurate research has implications
studies require more resources, take longer to run /
than longitudinal studies, and often yield more con-
servative results. Solutions including pre-registration
of study protocols®; transparent reporting of methods

and results to limit false interpretations of chance
findings®'®? together with designing studies with suf-
ficient statistical power®® could have a beneficial im-
pact. On the other hand, transparency can be
facilitated by public registration of study protocols
and analysis plans before data are collected. This
creates an audit trail and clearly delineates confirma-
tory tests of a priori hypotheses and post hoc explora-
tions of data. Statistics should also be openly reported
so that others can use the data for power calculations
or meta-analysis. Brain volumes means and standard
deviations, as well as effect sizes and confidence
intervals, should be routinely reported in addition to
test statistics and p values. Some of the studies re-
viewed here did not report actual p values rather than
p </> 0.05 which guards against the temptation for
rounding errors® and did not specify whether results
are expressed at an uncorrected or corrected p value
threshold.

In summary, this review still found consistent sta-
tistical evidence of reduce grey matter volumes, and
cortical surface area, decreased gyrification, reduc-
tion on FA, and increase in MD in the PHIV-infected
group. Furthermore, preliminary data suggest rest-
ing-state fMRI is sensitive to detect functional altera-
tions in this population. We believe that future
improvements and dissemination of tools for the de-
veloping brain MRI processing and analysis will al-
low us to better chart and understand the dynamic
brain developmental trajectories in infants with PHIV-
infection, thus informing early diagnosis and
intervention.

The inclusion in these studies of data related to PHIV
infection itself including clinical and immunovirclogical
characteristics as well as detailed information about
antiretroviral treatment such as age at ART initiation
may be of vital importance to better understand the
impact of the disease on CNS.
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Table S1: Database keyword search

Neurcimaging studies Searched keywords Total
results (n)
Structural neuroimaging “HIV"[TitlefAbstract] AND “children” [Title/Abstract] AND “white 57

(including surface-based matter”[TitlefAbstract]

and diffusion tensor

imaging measuras) “HIV"[TitlefAbstract] AND “children” [Title/Abstract] AND 0
*surface-based™[Title/Abstract)

*HIV"[TitlefAbstract] AND “children” [Title/Abstract] AND “grey 1
matter”[TitlefAbstract]
“HIV[TitlefAbstract] AND “perinatal” [Title/Abstract] AND “white 3
matter”[TitlefAbstract]
*HIV"[TitlefAbstract] AND “perinatal” [Title/Abstract] OR “vertical™ [Title/ 1
Abstract] AND “grey matter”[TitlefAbstract]
“HIV[All Figlds] AMD “children” [All Figlds] AND “diffusion tensor 9
imaging” [All Fields]
“vertically HIV'[All Fields] AND “diffusion tensor imaging” [All Fields] -
“perinatal HIV'[AIl Fields] AND “diffusion tensor imaging” [All Fields] 3
“HIV-[TilefAbstract] AND “DWI"[Title/Abstract] AND “perinatal” OR 0
“vertical™ [TitkefADstract]
“HIVT[TilefAbstract] AND “VBM [TitlefAbstract] AND “perinatal” OR 0
“vertical” [Title/Abstract]
“HIV-[TilefAbstract] AND “thickness"[TitlefAbstract] AND “perinatal” OR 4
“vertical™ [TitkefADstract]
“PHIV"[All Fields] AND “diffusion tensor imaging[All Fields] 1
“HIV[AIl Figlds] AMD “children” [All Figlds] AND “volumetric™ [All Figlds] 19
“vertically HIV™ [All Fields] AND *volume” [All Fields] 16
“perinatally HIV" [All Fields] AND “volume™ [All Fields] 15
“HIV'[All Fields] AND “children” [All Fields] AND “morphometric” [All Fields] -
Functional Neurcimaging “perinatal HIV'TAIl Fields] AND “fMRI™ [All Fields] T
(including resting-siate
and task-based MRI) *HIV children” [TitlefAbstract] AND “iMBAI™ [Tilef/Abstract] 4

Dwi: diffusion-weightad imaging; VBM: voxel-based marphometry; PHIV: pernztal HIV; fMRI: functions! magnefic resonance imaging.
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Table S2. and
Study Study No. Sex* (%males) Age (years)™ Matched by Ethnicity Education (years)** Neuropsychological tests Psychiatric Evaluation
Ackerman et al, “Ackerman of al, 30 HIVs 13 HIV- HIV: 38% HIV-57+ 05 Aga South Africans NA NA NA
2016% 2016 HIV- 38% HIVe 54 £ 0.3
Andronikou ef al., Andronikou et al., HIV+ 33 48% 2.5 (0.6-4) NA African and NA GMDS NA
2014 204t mixgd-ace
Andronikou ef al., Andronikou et al., HIV+ 33 HIV- 48% HIVs 25 (0.6-4) NA African and NA GMDS NA
2015 2015t HIV- 11 HIV 54% HIV- 26 (1-4) mixed-race
Cohen et af., 2016° *Cohen ot al., 2016¢ 31 HIVs 37 HIV- HIV+ 52% HIVs 13.4 (11.4-15.9) Aga, sex, ethnicity, (Black) (HIV+ , HIV-) Verbal 10, performance IQ, Total IQ, processing spead exclusion criteria
HIV- 49% HIV- 121 {11.5-15.9) and socioeconomic HIV+ B1% Primary 9,19 indax, TMT A spaed score, digit span, forward and
status. HIV- 76% High 13,14 backward, RAVLT immediate and delayed recall, TMT B
Special 7,1 spead score, and Beery VM.
Other 5,3
Harting ef al, 2015 Herting et al, 2015 HIV+ 31 HIV: 81% 165+ 240 NA T0%African- American NA 13, Working Memory Index, Processing Speed Index. NA
12.5% Hispanic
Hoare et al, 20121 *Hoare s af, 2012 HIV+ 12 Noss HIV+ 10.40 + 145 Ags, sex and ¥hosa except ana HIV+ - 300 (1.00); WASI; GPT; Lafaystte Instrument Company; Symbol Search,  NA
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CAPITULO 3

Medicidon de la actividad cerebral a través de la RM
funcional en jovenes VIH infectados por transmision

vertical
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JUSTIFICACION Y OBJETIVOS

En los dltimos afios mdltiples estudios han combinado los tests neurocognitivos
con la RM funcional, una herramienta que mide en tiempo real la actividad cerebral
permitiendo una vision directa de los sistemas neuronales. De esta forma, la RMf
puede ayudar a dilucidar como las distintas regiones cerebrales se orquestan para

ejecutar tareas complejas como leer, memorizar o percibir el espacio.

En poblacién adulta VIH + sin alteraciones cognitivas, se ha demostrado una
mayor magnitud de la activacion neuronal en determinadas regiones cerebrales que
en poblacién sin VIH, sugiriendo un dafio incipiente de los sustratos neurales que
podria requerir un mayor uso de la reserva neurolégica para mantener una adecuada
funcion cognitiva. Sin embargo, hasta ahora, apenas hay datos acerca del uso de la
RMf en nifios y adolescentes con infeccion por VIH, y hasta donde sabemos no se han

realizado estudios de RMf con realizacion de tareas en poblaciéon VIH-TV.

Los objetivos de este capitulo son:

1) Evaluar los patrones de actividad neuronal usando la RMf mediante realizacion
de tareas que miden fluidez verbal y tarea motora en un grupo de adolescentes
VIH-TV en estadio no C3 del CDC, con buen control inmunovirolégico (CV < 50
copias/ml durante mas de 5 afios, CD4 > 25%), adecuadas funciones cognitivas
y funcionales, comparandolo con un grupo control no VIH de caracteristicas
similares

2) Analizar posibles alteraciones psicopatologicas a través de escalas
estandarizadas de ansiedad (STAI: State-Trait Anxiety Questionnaire), y

depresion (BDI: Beck Depression Inventory); calidad de vida a través del
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cuestionario de salud SF-36; y alteraciones del suefio (PSQI: Pittsburgh Sleep

Questionnaire Inventory) que podrian tener relacién en la actividad neuronal.

3) Evaluacién y comparacion de las funciones cognitivas de los participantes en

el estudio a través de una bateria de tests neurocognitivos que miden
inteligencia fluida, atencion y velocidad de procesamiento, funciones ejecutivas

y habilidades motoras.

RESULTADOS
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Diez pacientes VIH-TV y 10 controles sin VIH participaron en el estudio.

Las caracteristicas sociodemograficas fueron muy similares en ambos grupos
(60% mujeres, 75% caucasicos, 80% nacidos en Espafia), con una mediana de
edad de 19 afos (RIQ 17-21.7) y una mediana de numero de afios de
educacion de 11.5 afios (RIQ 10-12).

En el cuestionario de salud SF-36, no se encontraron diferencias significativas
salvo para la sub-escala de dolor fisico (p= 0.042). Respecto al cuestionario
sobre calidad del suefio, la mayoria de nuestros pacientes fueron considerados
como “buenos dormidores” (70%), sin encontrar diferencias entre pacientes y
controles y tampoco se observaron diferencias ES en las escalas de evaluacion
psicopatoldgica.

Basado en los criterios Frascati, confirmamos que el 100% de los pacientes
VIH-TV tenian un resultado promedio en los tests neurocognitivos (ninguno de

los pacientes presentd mas de 1 Z score entre - 1y -1.99)
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En relacion con a las caracteristicas de los pacientes VIH, la mediana de CD4
fue 780 cels/mm3 (RIQ 580-1056) y la mediana de CD4 nadir fue 14.5% (RIQ
13.2-18). La mediana del cociente CD4/CD8 fue 1.0 (RIQ 0.78-1.20). La
mediana de numero de afios con TAR fue 13.7 afios (RIQ 9.6-15.8). La mediana
de nimero de afios con CV indetectable fue de 9.5 afios (RIQ 5.9-11.7). EI 90%
(n = 9) pertenecian al estadio B del CDC y 1 paciente pertenecia a estadio A.
Para la comparacion entre los dos grupos, no se observo activacion de clusters
para ninguno de los contrastes considerados.

Para el analisis completo de todos los participantes, el movimiento de dedos
dio como resultado la activacion de los clusters localizados en: Cortex Motor
Izquierdo (LMC; MNI coordinadas: - 36, -34, 50), Cerebelo Derecho (RC; 8, -
54, -10), Sulcus Intraparietal (I1S; 34, -44, 40) y Cortex Premotor Ventral (VPC;
60, 6, 38)

Para la tarea de fluidez verbal, la “generacion de palabras versus repeticion de
palabras” resultdé en una activacién de los clusters que engloban al Giro Frontal
Inferior lzquierdo (LIFG; -50, 12, 30). En la tarea de fluidez verbal, dentro del
grupo VIH a mayor tiempo con TAR se observé una mayor activacion de LIFG
(r=.648, p=0,043).

No se observaron asociaciones entre el nadir de CD4 o el valor actual de CD4
y la activacion de los clusters durante la realizacion de tareas de fluidez verbal

ni motora
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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 Aragon,
Cristina Garcia-Navarro, Santiago Jiménez de Ory, Carlos Velo, José T. Ramas, 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 infMRI
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 contral may be similar to theirpeers.

Key words. Adolescents. cART. Fluency. fMRI. Neuroimaging. Perinatal HIV.

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
% 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 NT, 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 Conftrol 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 y? 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).

fMRI

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 FSL's 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 pvalue
Demographic Characteristics n (%) n (%)
Caucasian B (B0%) 7 (70%) 0.356
Born in Spain B (80%) B (BO%) 1
Age at assessment in years (median, IGR) 19 (17-22) 20 (17-27) 0.854
Femnale gender 7 (70%) 5 (50%) 0.361
Currently working 3 (30%) 0 (0%) 0.21
Exercise regularly 6 (R0%) 8 (B0%) 0.403
Good sleeper 7 (70%) 4 (40%) 0.178
Single 6 (60%) 4(40%) 0.398
Years of education (median, IGR) 1(1012) 12 (10-12) 0.371
Cognitive measures Mean (SD) Mean (SD)
(0] —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 (0.50M2) 0.300
Fine motor skills 1.8 (0.57246) 1.961(0.31519) 0.405
Finger tapping test (dominant hand) 2.088 (0.59503) 0.505 (0.2203) 0.307
Psychological testing Mean (5D) Mean (D)
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-emational 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%) B (80%) 0.232

BDI: Depression inventory of Beck; IQR: interquartilic range; SD: standard deviation; SF: Short Form-36; STAl:
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? (IQR 580-1056) and
the median percentage of CD4 nadir was 14.5%
(IQR: 13.2-18). Median CD4/CDS§ 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 (NNRTTs), five
patients on protease inhibitor (PI) and two patients
were receiving Pl + 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 =

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



Brain activity in well-controlled perinatally HIV-infected young adults

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 II. Clinical features of PHIV participants.

STAGE B (n, %)

9 (90%)

D4 Median and IQR (cls/mm?3)

781(588-781)

CD4 Median and IGR (%)

38 (33-40)

NADIR CD4 cells/mm? (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 cART 7.2(4.31.7)

Time of treatment with ART

14.1(1.116.5)

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, IGR)

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 jovenes infectados por el virus de la inmunodeficiencia humana por transmision
vertical: estudio piloto de resonancia magnética funcional

Introduccion y objetivos. La infeccion por el virus de la inmunodeficiencia humana de transmision vertical (VIH-TV) consti-
tuye una enfermedad crénica que puede asociar maltiples 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 |z realizacion 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 evaluacion neurocognitiva. Un mayor tiempo de terapia combinada antirretroviral se asocid de
forma directa con una mayor actividad en el giro frontal inferior izquierdo, lo cual podria indicar una posible compensa-
cion funcional.

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

Palabras clave. Adolescentes. cART. Fluidez. Neuroimagen. RMf, VIH perinatal.
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CAPITULO 4

Evaluacion del neurofilamento de cadena ligera como
biomarcador de lesion neuronal en pacientes con infeccion

por VIH de transmision vertical.
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JUSTIFICACION Y OBJETIVOS

Con la finalidad de entender mejor el dafio neuronal que se produce en
diferentes enfermedades neuroldgicas y neurodegenerativas se han investigado en
los ultimos afios, diferentes biomarcadores de SNC, siendo el biomarcador del
Neurofilamento de Cadena Ligera (NfL) uno de los mas sensibles a la hora de estudiar
lesion neuroaxonal inducida por el VIH. Esta proteina es componente fundamental de
las vainas de mielina, permitiendo la conduccién nerviosa.

Diferentes estudios realizados en poblacién VIH han mostrado un aumento
de los niveles de NfL a nivel de LCR. Es mas elevado en pacientes con demencia
asociada al VIH y también en pacientes neuroasintomaticos con cifras bajas de CD4.
Sin embargo, la poblacion VIH con buen control inmunovirolégico presenta niveles
mas bajos de NfL, aunque las concentraciones siguen siendo ligeramente mas
elevadas que en poblacion sin VIH. Para evitar la obtencion de LCR, que requiere un
método invasivo, como es la punciéon lumbar, se ha desarrollado una técnica similar
mediante realizacion de inmunoensayo ultrasensible (Simoa®- Quanterix digitial
biomarker biomarker detection technology) que ha demostrado una fuerte correlacion
para medir concentraciones de NfL en sangre.

No se han realizado, hasta la fecha estudios de NfL en poblacién VIH de
transmision vertical.

Apenas hay estudios en poblacion VIH que hayan explorado correlaciones

entre morfometria cerebral y los tests neurocognitivos con niveles de NfL.

Los objetivos de este capitulo son:

1) Analizar las concentraciones plasmaticas de NfL en un grupo de pacientes

con VIH-TV y compararla con un grupo sin VIH de similares caracteristicas.
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2) Evaluar si las concentraciones plasmaticas de NfL son mas elevadas en
pacientes con mal control virolégico.

3) Analizar y comparar la morfometria cerebral de sustancia blanca en un
subgrupo de pacientes con VIH-TV y un grupo de caracteristicas muy
similares sin VIH

4) Explorar posibles correlaciones entre las concentraciones de NfL en plasma
y los volimenes de sustancia blanca y pruebas neurocognitivas en el grupo

con VIH-TV.

RESULTADOS

Se incluyen en el estudio 33 jovenes con infeccion perinatal por VIH y 25
controles sin VIH

En el grupo VIH-TV el 54% eran mujeres y el 73% era de etnia caucasica. La
mediana de edad fue de 20.7 afios (RIQ 17.8-23.4). En el grupo sin VIH la
mediana de edad fue de 21.3 afios (RIQ 19.7-23.1) siendo el 60% mujeres. No
habia diferencias estadisticamente significativas entre ambos grupos.

Dentro del grupo VIH, el 42% se encontraba en un estadio C del CDC, y el 21%
tenia datos de encefalopatia por VIH previa. La mediana de CD4 nadir fue de
274 cels/mm3 (RIQ 104- 382 celss/mm3). La mediana de CD4 actual fue de 738
cels/mm3 [RIQ 578-978]). El 100% de los pacientes estaba recibiendo TAR con
una mediana de 16.42 afios (RIQ 12.99-18.70 afios), y un 85% mantenian una
carga viral por debajo de 50 copias/ml. De los 5 pacientes con carga viral
detectable la mediana de CV era de 69900 copias/ml (36774-267541
copias/ml). Estos pacientes tenian CV detectable con una mediana de tiempo

de 5.75 afios (RIQ 5.03-16.75).
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Al analizar las concentraciones plasméticas de NfL, no se encontraron
diferencias estadisticamente significativas entre pacientes y controles.
Aquellos pacientes con mala adherencia al TAR y carga viral detectable
presentaban niveles mas elevados de NfL plasmético (NfL 9.19, DE 5.18) al
compararlos con pacientes indetectables (NfL 6.6 pg/ml, DE 4.15) o con el
grupo control (NfL 5.29 pg/ml, DE 1.75) con un valor de p cercano a la
significacion (p = 0.059).

No se encontraron correlaciones ni diferencias entre los valores de NfL en
plasma y el tiempo al diagnostico de la infeccion VIH, el tiempo con TAR,
valores de CD4 actual, CD4 nadir, el estadio CDC o la presencia de
encefalopatia.

En el subestudio exploratorio de correlacion de NfL con volumenes de
sustancia blanca y tests neurocognitivos participaron 25 pacientes VIH y 23
controles sin VIH sin diferencias en las caracteristicas sociodemogréficas.

El grupo VIH-TV presenté menor puntuacion en el test que mide Inteligencia
fluida, pero ambos grupos obtuvieron resultados dentro de la media
poblacional. El resultado global de los tests neurocognitivos, obtenido mediante
el PS composite z-score, fue mas baja en el grupo VIH-TV: mediana Z-score -
0.68 (DE 0.98) vs mediana Z-score en el grupo VIH negativo de 0.00 (DE 1.00)
(p< 0.05)

La comparacion de morfometria cerebral a nivel de sustancia blanca objetivo
menores voliumenes de sustancia blanca a nivel regional en el grupo VIH con
respecto al grupo sin VIH en las siguientes regiones: cerebelo (p = 0.030, p =

0.028), I6bulo occipital lateral (p = 0.020), nucleo accumbens (p =0.010, p <
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0.001), I6bulo occipital (p=0.020, p= 0.042) y giro postcentral izquierdo (p
=0.022).

En el grupo VIH-TV, la correlacibn de Spearman mostr0 una asociacion
negativa entre las concentraciones de NfL plasméticas y Tests neurocognitivos
gue evaltan velocidad de procesamiento (Digit Symbol-Coding subtest) (r -,425
p= 0.039).

En el grupo VIH-TV, se observé una correlacién negativa entre determinados
voliumenes regionales de sustancia blanca y las concentraciones plasmaticas
de NfL a nivel de cerebelo izquierdo y derecho (r -,440 p = 0.028; r -,0386, p=
0.056) tronco de encéfalo izquierdo y derecho (r -,440 p = 0.028; r -,417 p =

0.038) y nucleo accumbens derecho (r-,403, p = 0.046).
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ABSTRACT:

Background: Higher plasma concentration of neurofilament light (pNfL) is associated
with neurodegeneration. However, to our knowledge, up to now, there are no data in
HIV patients with infection due to vertical transmission. This is the first study to report
pNfL in a cohort of HIV perinatally infected (PHIV) young adults compared with non-

HIV (HIV-) controls.

Methods: Thirty-three PHIV patients and 25 age-matched HIV- were recruited to this
cross-sectional study. Plasma NfL concentrations were compared between both
groups. In a subgroup of 48 participants (25 PHIV patients and 23 HIV-), brain volumes
through magnetic resonance imaging (MRI) and neuropsychological testing (NT), were

also conducted and compared with pNfL values.

Plasma NfL concentration was measured using Single Molecule Array (Simoa)

immunoassay.

NT included fluid intelligence and processing speed through the WAIS-IV Coding

subtest, and the Stroop Test.

Results

Fifty-eight participants were included, median age 20.7 years [IQR 17.8-23.4]. 100%
of the patients were under antiretroviral treatment (CART) and 85% had viral load <50

copies/ml.

Although no statistically significant differences were found between patients and
controls regarding pNfL concentration, there was a trend towards higher levels in

patients with viral load >50 copies/ml.
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With regard to brain volumes and NT, in the PHIV group, lower white matter volumes

and lower score in the coding subtest were associated with higher pNfL values.
Conclusions

Most PHIV adolescents under cART have similar levels of pNfL than HIV-. As reported
in adults, those with HIV-RNA >50 copies/ml showed higher values and lower white
matter volumes that may imply an ongoing CNS injury. Plasma NfL could be a feasible

biomarker of CNS injury in PHIV patients with unsuppressed viral load.

Key words

Plasma NfL, perinatal HIV, neuroimaging, neurocognitive, CART
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ASSESSMENT OF PLASMA NEUROFILAMENT LIGHT AS A BIOMARKER OF

NEURONAL INJURY IN YOUNG ADULTS WITH PERINATAL HIV INFECTION

BACKGROUND

The incidence of HIV encephalopathy and severe neurological complications has been
significantly reduced in perinatally HIV-infected patient since the introduction of
combined antiretroviral therapy!. Nevertheless, in the PHIV population, CNS invasion
of HIV occurs within the first 3 weeks of life, with a subsequent immune activation
throughout the primary infection. This is among the most important reasons why
research concerning the detection of persistent neurologic problems is essential?. This
research could explain why less severe cognitive impairment often could persists in

this population, especially in children who did not start treatment in early lifeS.

To better understand how the development of brain injury and intrathecal immune
activation and inflammation occur, several CSF biomarkers have been investigated,
with CSF neurofilament light (NfL) being the most useful biomarker for the study of
HIV-induced neuroaxonal injury?. This major structural component of myelinated axons
is essential to maintain axonal calibre and to facilitate effective nerve conduction®. It is
a sensitive, but disease-unspecific, biomarker for neuronal degeneration or acute

neuronal damage®.

Several studies performed in HIV-infected adults have shown increased CSF NfL
levels in patients with HIV associated dementia but also in neuroasymptomatic
subjects with low CD4+ T-cell counts®’. Meanwhile, treated and virologically
suppressed people living with HIV have lower CSF NfL levels, but this is still slightly

higher than HIV-negative individuals °.
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Measuring CSF NfL uses the invasive procedure of lumbar puncture, so its use is
limited. Therefore, a new technique has been developed using ultrasensitive (Simoa)
immunoassay for measuring NfL in blood samples®. Results derived using this new
method show that plasma NfL correlates strongly with CSF NfL levels at all stages of

HIV infection®.

To our knowledge, no study of plasma or CSF NfL has been performed in the

perinatally HIV-infected population.

It is worth stating, that in recent years, several neuroimaging studies have been
performed in PHIV children and young adults demonstrating that, even in the CART
era, there are alterations and lower volumes in brain structure®. As NfL CSF levels
reflect leakage from injured or degenerating neurons, it correlates with white matter
lesions and other injuries to subcortical brain regions®. To date, there are no studies
correlating white matter brain volumes and pNfL values in perinatally HIV-infected

patients.

Therefore, the current study aimed to investigate, firstly, the pNfL levels in a group of
PHIV population and compared them with a group of HIV-negative controls
participating in the NeuroCoRISpe study. Secondly, a sub-study was performed to
explore possible correlations between pNfL concentration and white matter volumes

and processing speed performance in a group of participants.

METHODS

Population and Study Design
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A multicentre cross-sectional study was carried out from 2016 to 2018 in a cohort of
vertically HIV-infected adolescents and young adults followed at five public hospitals
participating in the Madrid Cohort of HIV-Infected Children and Adolescents and in the

Cohort of Spanish Pediatric HIV Network (CoRISpe) 1.
The HIV- were selected from voluntary recruitment through advertising.
Thirty-three PHIV patients and 25 HIV- controls matched by age were recruited.

For the study, all participants met the following inclusion criteria: (1) age 15 to 25 years
old, (2) absence of neurological or psychiatric disorder other than history of older HIV

encephalopathy, (3) HIV participants should be under cCART treatment.

Participants with current brain infection, neurological or psychiatric disorder, those who
referred history of drug or alcohol abuse, or had any congenital abnormality, were

excluded.

The Institutional Review Boards (IRBs) of each research centre approved the study
and written informed consent was obtained from all participants. Where participants
were underage, an assent form was signed by themselves, with legal guardians

providing the informed consent in accordance with the Helsinki Declaration.

HIV-related measures

In relation to the control of the infection the next parameters were collected: CDC
classification, encephalopathy, suppressed viral load (defined as plasma HIV-RNA <50
copies/ml), time of suppressed viral load, viral load in detectable patients, total

numbers, and percentages of CD4 nadir, and current CD4, CD4 / CD8 ratio, CART
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history and adherence to treatment. These data were collected from clinical charts and

the CoRISpe database.

Plasma NfL measurements

Whole blood was collected in EDTA tubes which were sent to the Spanish HIV HGM
BioBank for centrifugation (2000 g) and aliquoted into cryo tubes in 1 mL portions and
stored at —80° for subsequent analysis!?. Plasma NfL concentration was measured
using a sensitive in-house sandwich immunoassay on the (Simoa) HD-1 Analyzer

(Quanterix, Billerica, MA), as previously described in detail®.

Neuropsychological and neuroimaging sub-study

A subgroup of 48 participants (25 PHIV +, 23 HIV-) with no differences in sex, age,
level of education and socioeconomic status between groups, underwent NT testing
and MRI scan. These subjects participated previously in a neurocognitive and
neuroimaging study (Ruiz-Saez et al, 2021) 13 and whole blood was collected at the

same time and stored at the HIV HGM Biobank for subsequent pNfL analysis.

The NT included fluid intelligence (FI) by the Kaufman Brief Intelligence Test 4 (K-BIT;
Kaufman & Kaufman, 2000), and processing speed measured through two tests, the
Digit Symbol-Coding subtest of the Wechsler Adult Intelligence Scale- 4th edition®®

(WAIS-IV, Weschler, 2012), and the first trial of the Stroop Test® (Golden, 2001).

In this study, we focused on fluid intelligence to make sure abstract reasoning and
problem solving in novel situations independently of experience was average in both
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groups. Processing speed was also evaluated, because is one of the main cognitive
deficits in HIV patients'’. Scores on all neuropsychological tests were converted into a
Z-score relative to HCs. Scores on the Digit Symbol- Coding and Stroop-Card 1 were

averaged into one PS composite Z-score.

MRI data acquisition

Different MRI scanner systems were used at each hospital study site. For specific

details of the acquisition parameters see Supplementary material.

Image quality was assessed in two independent processes. Radiologist checked for

the presence of any brain pathology, such as tumour, cyst, or any other lesion.

In addition, image quality and processing experts checked for motion artefacts, low
contrasts, incomplete whole brain coverage, low SNR and low resolution. In a further
analysis, all the acquisitions were correlated to determine the homogeneity of the

image sample.

Image processing

The standard processing pipeline for volume based morphometry provided by The

Computational Anatomy Toolbox (CAT12, http://dbm.neuro.uni-jena.de/cat/ version

1492), as an extension of SPM (https://www.fil.ion.ucl.ac.uk/spm/software/spm12/

version 7487), was used for tissue segmentation and the extraction of tissue volumes.
To measure regional brain volumes, native segmented images were parceled in

regions of interest (ROI) according to the Hammers atlas &1°(Hammers et al. 2003;
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Gousias et al. 2008) and tissue volumes (mm?3) were estimated for each ROl and

normalized by the total intracranial volume for each subject.

Statistical analysis

Categorical variables were summarized by using counts and proportions and
continuous variables employing medians and interquartile ranges (IQR) or means and
standard deviations (SD). Comparisons between patients and controls (NfL, age, Fluid
Intelligence, Stroop, Coding and Composite z-score) were performed with the Student
t test or the Mann—Whitney U test, if the variables did not follow a normal distribution.
Comparisons between categorical variables were assessed using the Chi-square or
the Fisher test. In the case of patients with and without undetectable viral load and
controls, variables were analyzed with the Kruskal-Wallis test. Regarding the PHIV
group, univariate analysis was performed to study associations between HIV variables
and NfL. Spearman’s correlation test was used to assess association pNfL
concentrations and white matter volumes. P values less than 0.05 were considered
statistically significant. All analyses were performed using SPSS software ver. 22.0
(IBM, Armonk, NY, USA). Figure 2 was made using Stata Version 12 (STATA Corp,

Texas, USA).

RESULTS

Thirty-three young adults with perinatal HIV infection and 25 HIV-negative individuals

were included.
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In the PHIV group, 54% were women and 73% were Caucasians. Median age was
20.7 years (IQR 17.8-23.4). In the HIV-negative group, median age was 21.3 years
(IQR 19.7-23.1) and 60% were women. There were no significant differences between

the two groups regarding these characteristics (p>0.05).

Regarding the PHIV group, 42% had a history of previous AIDS-defining diagnoses
(21% with old and stable encephalopathy). At assessment, 100% were under cART for
a median time of 16.42 years (IQR 12.99-18.70), and 85% had suppressed viral load
(HIV RNA < 50 copies/ml); Only five patients had HIV-RNA > 50 copies/ml with a
median of 69900 copies/ml (IQR 36774-267541). Those five patients had detectable
viral load for a median of 5.75 years (IQR 5.03-16.75). Median CD4 was 738 cells/mm?

(IQR 578-978) and median CD4 nadir 274 (IQR 104- 382). (Table 1).
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Table 1. Clinical measures in 33 PHIV patients (n (%) or median

Age at HIV diagnosis

(years)

0.50 [0.24-4.08]

CDC Stage C3

14 (42.4%)

Encephalopathy

7 (21.2%)

NADIR CD4 (cells/mm3)

274 [124-376]

NADIR CD4 (%)

12 [6-17]

CD4 count (cells/mm3)

718 [490-771]

CD4 count (%)

36 [32-39]

CD4/CD8

1.03 [0.80-1.31]

Age at treatment onset

(years)

1.33 [0.44-4.56]

Age at onset on cART
(years)

4.28 [1.03-6.66]

Total time of treatment
with cART (years)

16.42 [12.99-18.70]

Patients with uVL

28 (85%)

Time with uVL (years)

9.97 [6.92-13,48]

VL in detectable patients
(cop/ml) (N =5)

69900 [36774-
267541]

Publicaciones

No statistically significant differences were found between patients and controls
regarding pNfL concentrations, but higher levels of pNfL were found in patients with
increased viral load compared compared with undetectable patients and controls with

a media pNfL of 9.19 pg/ml (SD 5.18) in patients with detectable viral load vs 6.6 pg/ml
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(SD 4.15) in undetectable patients and 5.29 pg/ml (SD 1.75) in the control group (p =

0.059) (Fig 1).

Figure 1. Plasma NfL concentrations in 3 different groups: HIV-negative
control group, PHIV patients with detectable VL, and PHIV patients with

undetectable viral load.
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Furthermore, no correlations were found between pNfL levels and viral load, time to
diagnosis, time on cART, CDC stage or presence of encephalopathy (p > 0.05 for all

comparisons).

In the correlation sub-study of pNfL with neuroimaging and neuropsychological

evaluations, 25 PHIV+ and 23 HIV-negative controls were evaluated.
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Sociodemographic characteristics are described in Table 2. In relation to NT, we found
that PHIV had significantly lower FI, but both groups had average results. Differences
between groups in Stroop test performance were observed, but not in Coding. The
mean PS composite z-score was lower in the PHIV group (Mean Z-score -0.68 (SD

0.98)) compared to the HIV-negative group (Mean Z-score 0.00 (SD 1.00)) (p <0.05)
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Table 2. Means (standard deviations) of demographic, psychosocial,

neurocognitive and psychopathological characteristics.

PHIV (n=25) | HIV-(n=23) | P value
Sex (female) (%, n) 64 (16) 56,5 (13) 0.597
Age at assessment 21.0 (3.03) 20.9 (2.66) 0.522
Level of education N=24 N=21 0.146
(%, n)
Low

62.5 (15) 76.2 (16)
Medium 16.7 (4) 0 (0)
High 20.8 (5) 23.8 (5)
Annual Income (%, N=23 N=22 0.135
n)
Low

43.5 (10) 59.1 (13)
Medium 30.4 (7) 36.4 (8)
High 26.1 (6) 4.5 (1)
Caucasian (%, n) 72 (18) 56,5 (13) 0.263
Fluid Intelligence * -0.72 (1.13) 0.01 (0.98) 0.021
Stroop -0.84 (1.09) 0.00 (0.99) 0.009
Coding -0.31 (0.86) -0.12 (1.14) 0.512
Composite -0.68 (0.98) -0.00 (1.00) 0.025

Processing Speed
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Z-score

Regarding brain volumes, the HIV infected group had significantly lower regional white
matter volumes in left and right cerebellum (p = 0.030, p = 0.028), lateral occipital lobe
(p= 0.020), left and right nucleus accumbens (p =0.010, p < 0.001), left and right
occipital lobe (p=0.020, p= 0.042) and left postcentral gyrus (p =0.022), but no

significant differences were found in total white matter volumes.

In the HIV group, Spearman’s correlation test revealed negative association between
pNfL concentrations and different regional white matter volumes of left and right
cerebellum (r -,440 p = 0.028; r -,0386, p= 0.056), left and right brainstem (r -,440 p =
0.028; r -,417 p = 0.038) and right nucleus accumbens ( r-,403, p = 0.046) (Fig 2), and
also a negative correlation was found between pNfL concentration and Coding score
(r-,425 p=0.039). This association between NfL and brain volumes and coding score

persisted when controlling for undetectable viral load.
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Figure 2. Spearman correlations for cerebellum and brainstem volumetric

measures and pNfL concentrations in HIV-infected patients.
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DISCUSSION

NfL is a neurofilament subunit particularly abundant in axons?°.

Plasma NfL

concentration was recently reported as a potential prognostic biomarker of disease

onset and progression in neurodegenerative diseases including HIV48,

In this study, we have shown that treated and virologically suppressed PHIV people,

presented pNfL concentrations similar of those found in HIV-negative individuals. In

addition, even considering the limitation of the small sample, patients with detectable
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viral load had higher pNfL levels, showing that persistent viral replication may

contribute to neuronal damage.

This has been demonstrated similarly in the HIV adult population, in which the HIV-
driven axonal degeneration can be halted by cART, which correlates to reduced CSF
and pNfL concentrations over time after cCART initiation®21?2, These results emphasize
the importance of an early and continuous antiretroviral therapy to avoid neuronal

damage in children.

In this exploratory study of PHIV adolescents and young adults, we found that higher
pNfL concentration was significantly associated with lower regional brain volume and
lower coding score. Similarly, Anderson et al. published that a higher pNfL was
significantly associated with worse neuropsychological performance in the HIV adult

population?3.

High concentration of NfL has been shown in multiple neurological diseases where
processing speed is also one of the most affected cognitive processes, such as
amyotrophic lateral sclerosis (ALS) 242> (Menke et al.,, 2015; Lu et al., 2015),
Alzheimer’s disease?® (Mattsson et al., 2017) and frontotemporal dementia?’ (Rohrer
et al., 2016). Processing speed performance is considered to depend to a large extent
on the properties of the white matter?®-3°(Posthuma et al, 2003; Borghesani et al., 2013;
Jacobs et al., 2013). White matter includes myelinated axons in the brain, and the
thickness of the myelin sheath is associated with nerve conduction velocity; therefore,
its relation to processing speed and NfL seems consistent. Hence plasma NfL could

be a feasible biomarker of milder neurocognitive alterations in the PHIV population.

Likewise, increased NfL levels and reduced brain volume in cortical and subcortical

grey matter and within the white matter has been found in patients with different
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neurodegenerative conditions®-32. However, research performed in the HIV adult
population found that CSF neuronal damage biomarkers, including NfL, were not

associated with imaging measures of brain structures,

It should be noted that NfL has the limitation that it is not a disease-specific biomarker.
As we have mentioned, elevated NfL is observed in many other neurological disorders,
including neurodegenerative diseases, peripheral neuropathy, and traumatic brain

injuries®34,

Regarding brain volumes we found that the HIV group showed WM atrophy in selected
brain regions despite being on cART for years. Some studies performed in adolescents
living with PHIV has reported similar results showing lower white matter volumes when

compared with HIV negative controls3%:36,

Limitations of this study include the small sample size and lack of longitudinal
biomarker data. The small sample size has been partially compensated for by strict
selection criteria for the control group. Moreover, other limitations of the study are that
this age group is potentially more likely to be involved in sports with head trauma, and
this group of population may have different stressors, that have not been measured.
Number of adverse childhood events (ACEs) would be a useful marker but has not
been used. These are potentially important considerations in the adolescent age group

during a time of dynamic myelination.

Finally, this current work was exploratory and therefore multiple statistical tests were

performed, which might have resulted in type | errors.
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Strengths of our study are, the inclusion of young adults living with PHIV, who have
not previously been examined regarding plasma NfL levels, and that we were able to

correlate brain volumes and processing speed in this population.

This research is representative of most young adults living with HIV vertically infected
in developed healthcare systems. Moreover, thanks to the current great improvements
in the diagnosis and treatment of HIV infection, this population that were born in the

preTAR era making the study unique.

CONCLUSIONS

We can conclude that the ultrasensitive method to measure pNfL concentration
provides an easily accessible biomarker in perinatally HIV infected patients avoiding
lumbar puncture. Nevertheless, it remains unclear how pNfL varies in the PHIV
population with virologic suppression or how its levels could be influenced in this
population by the earlier initiation of effective antiretroviral therapy. Therefore, larger
longitudinal studies are required in this group to further evaluate pNfL as a clinically

useful biomarker of neurological deterioration.
Abbreviated title

Plasma NfL in adolescents with perinatal HIV infection
Running head title

pNfL in perinatally HIV infected adolescents
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Discusion

Los resultados de este trabajo de investigacion refuerzan la evidencia de que
la infeccion por VIH en pacientes infectados durante el periodo perinatal produce una
alteracion de la estructura cerebral, a pesar de un buen control inmunovirolégico.

Los participantes con VIH-TV pertenecen en su totalidad a CoRISpe, la Cohorte
Nacional de Pacientes Pediatricos con Infeccion VIH. CoRISpe nace en el afio 2008 y
tiene como principal objetivo el contribuir a ampliar el conocimiento cientifico sobre la
infeccion por el VIH en nifios y adolescentes, proporcionando datos demograficos,
sociopsicolégicos, clinicos y de laboratorio de pacientes pediatricos VIH+. Todos los
datos se recogen de forma retrospectiva desde el afio 1995 y de forma prospectiva
desde el afio 2008.

En nuestro estudio el andlisis de neuroimagen estructural muestra una
disminucién del grosor cortical y un menor volumen en ciertas regiones subcorticales
en adolescentes y jovenes VIH-TV. Sin embargo, el subestudio de neuroimagen
funcional en el que Unicamente participaron jovenes con infeccion VIH-TV con un muy
buen control inmunoviroldgico, en estadio no C del CDC, y con adecuadas funciones
cognitivas, no se objetivaron diferencias en los patrones de activacion neuronal
durante la realizacion de tareas de fluidez verbal y motora. Por otro lado, la medicion
del biomarcador plasméatico NfL, que mide dafio axonal, ha evidenciado mayores
niveles de pNfL en pacientes con mal control y CV detectable.

No obstante, estas alteraciones en las estructuras cerebrales y marcadores de
lesion neuronal, habitualmente solo se han traducido en un peor desarrollo
neurocognitivo en pacientes con mal control y pacientes con VIH-TV estadio C, lo que
pone de manifiesto, una vez mas, la importancia de un diagnéstico e inicio del

tratamiento precoz.
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EFECTOS DE LA INFECCION PERINATAL POR VIH SOBRE EL GROSOR
CORTICAL Y VOLUMENES SUBCORTICALES DE SUSTANCIA GRIS EN
ADULTOS JOVENES.

Este estudio muestra una disminucion del grosor cortical cerebral en diferentes
areas a nivel temporal, orbitofrontal y occipital y un menor volumen en ciertas regiones
subcorticales (amigdala derecha y putamen izquierdo) en el grupo VIH-TV, al
compararlo con un grupo control bien pareado y sin infeccion por VIH. Sin embargo,
no se observan diferencias ES en las evaluaciones neurocognitivas que median FE e
IF, ni en las psicopatologicas mediante evaluacion de escalas de ansiedad y
depresion.

Las alteraciones del desarrollo de la estructura cerebral encontradas en este
estudio han sido evidenciadas por resultados observados en otros estudios de
neuroimagen en poblacion VIH-TV. Por ejemplo, en 2019 Yu et al. publicaron
resultados similares a los encontrados en nuestro estudio, al demostrar que los
pacientes con VIH-TV presentaban de forma ES adelgazamiento cortical en regiones
temporales y orbitofrontales, y curiosamente mayor grosor cortical a nivel occipital
izquierdo y sulco olfatorio al compararlos con un grupo sin VIH de caracteristicas
similares. 5!

Sin embargo, otras investigaciones que evallan grosor cortical en pacientes
con VIH-TV y grupos control sin VIH han mostrado resultados muy variables. Nwosu
et al. encuentra mayor grosor cortical en el grupo VIH-TV en la region latero-inferior
occipital izquierda, ° y el estudio de Yadav et al, muestra mayor adelgazamiento
cortical en regiones post-centrales bilaterales y region temporal superior derecha, pero
mayor grosor cortical en regiones frontales bilaterales.*” Y finalmente, algunos

estudios no han encontrado diferencias en el grosor cortical. 4268
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Las diferencias en el grosor cortical a nivel de regiones orbitofrontales entre
pacientes con VIH-TV y los controles sin VIH, justificarian por que los pacientes con
VIH muestran una mayor afectacion de las funciones ejecutivas. Hay estudios que han
observado que una disminucion del grosor cortical en el area orbitofrontal de
adolescentes con VIH-TV se correlaciona con un comportamiento impulsivo y una
mayor inhibicién de las funciones ejecutivas,®® uno de los déficits neurocognitivos que
mas ha sido descrito en la poblacién VIH-TV.”%72 De la misma forma, hemos
observado un mayor adelgazamiento del giro fusiforme en los pacientes con VIH-TV
comparado con el grupo control sin VIH. La atrofia de esta region se ha asociado con
el desarrollo temprano de la enfermedad de Alzheimer,”* mayor impacto en las
funciones ejecutivas como la memoria de trabajo "4 e impulsividad, ’® y también mayor
grado de depresién "6 y aubso de drogas. "-"°

Respecto a los volumenes subcorticales de sustancia gris, el grupo VIH-TV
mostré menor volumen en amigdala derecha y putamen izquierdo. Disminuciones de
volumen a nivel de amigdala y nucleo del caudado han sido reportadas previamente
en estudios de adultos con infeccion por VIH. 881 De forma similar, otros autores han
observado menor volumen a nivel de otros ganglios basales, como el globo palido, en
adolescentes con VIH-TV. 46:5

Dentro del grupo VIH, nuestro estudio encontr6 que un mayor volumen del
putamen derecho se correlacionaba con cifras mas elevadas de CD4. En esta linea,
Wade et al, describieron que un grupo de nifios con VIH-TV con recuetos mas altos
de CD4 presentaban mayor volumen en determinadas areas subcorticales.*® De forma
similar, Cohen et al. publicaron que un tiempo mas prolongado con bajo recuento de

CD4 se asociaba con menor volumen total de GM. 43
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Ademas, en nuestro estudio observamos que un retraso en el inicio del TAR y
un nadir de CD4 mas bajo, se asociaba con volimenes mas elevados a nivel del
nacleo accumbens. Acorde con estos resultados, otros estudios han encontrado en
poblacién VIH-TV un aumento de los nlcleos caudado, accumbens y putamen. 49-50
Aunque la fisiopatologia de porque se puede producir un mayor volumen en ciertas
regiones cerebrales no es bien conocida, se postulan dos principales hipotesis: la
primera sugiere que puede estar relacionada con hipertrofia inducida por estrés
secundario a una alteracion en el “prunning” de las neuronas espinosas medianas que
ocupan esta region. En segundo lugar, la hipertrofia puede ser el resultado de una
neuroinflamacion y neuroactivacion mantenida. Todos estos resultados pueden ser
traducidos en que un temprano, adecuado y mantenido TAR es probablemente la
clave para una adecuada proteccion del SNC.

Sin embargo, también es importarte sefialar que, aunque los pacientes con VIH-
TV presentaron menores volumenes de sustancia gris y adelgazamiento cortical, no
se observaron diferencias ES en las evaluaciones neurocognitivas y
neuropsiquiatricas, lo que hace plantear que los estudios de neuroimagen son
capaces de detectar alteraciones del neurodesarrollo mas sutiles. La traduccion clinica
de estos resultados no estaria clara todavia y precisa de estudios longitudinales para
determinar su evolucion y relevancia en el funcionamiento del paciente a largo plazo.

Finalmente, es importante tener en cuenta que esta cohorte de jévenes con
VIH-TV, en su mayoria forman parte de la era pre-TAR, lo que implicaria que muchos
de ellos han recibido tratamientos suboptimos durante los primeros afios de vida. Hay
posibilidad de que el virus haya causado un cierto dafio neuroldgico durante los
primeros afios de vida, que son cruciales en el desarrollo cerebral. A pesar de ello, la

gran mayoria de estos pacientes mantienen un buen control inmunovirolégico desde
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el inicio del TAR hace mas de 10 afos, manteniendo cargas virales indetectables o
con niveles muy bajos de detectabilidad, con un buen rendimiento en su vida diaria,
constituyendo un grupo unico e irrepetible que le dan un valor afiadido al estudio. Seria
muy interesante comparar este grupo poblacional con un grupo de pacientes tratados
de forma precoz pareados por edad y nivel educativo y socioecondmico, con la
finalidad de determinar el origen de estas alteraciones del desarrollo cerebral, y si

estas podrian ser prevenidas con un diagnostico y temprano inicio de TAR.

REVISION SISTEMATICA DE ESTUDIOS DE RESONANCIA MAGNETICA EN
PACIENTES VIH INFECTADOS POR TRANSMISION VERTICAL

Los datos obtenidos mediante la revision sistematica de todos los
estudios de neuroimagen realizados hasta el momento en poblacion VIH-TV
evidencian clara afectacion sobre el desarrollo de las estructuras cerebrales,
especialmente: reduccion de volimenes regionales de sustancia gris, menor
desarrollo de las circunvoluciones cerebrales, disminucion del grosor cortical; en
estudios de tractografia se ha observado una disminucion de FA y aumento de MD; y
los estudios preliminares de RMf en reposo evidencian alteraciones en la conectividad
funcional. Sin embargo, no existe un claro consenso sobre que estructuras cerebrales
parecen estar mas afectadas.

La mayoria de los estudios de neuroimagen realizados en poblacién VIH-TV
tiene importantes limitaciones, especialmente el tamafio muestral, que suele ser
inferior a 20-40 pacientes, lo que favorece que se traten, en su mayoria, de estudios
con poca potencia estadistica. Gracias a los avances en los programas de prevencion

de transmisién materno infantil del VIH, en los paises con altos ingresos el nimero de
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pacientes con VIH-TV es escaso, por lo que los estudios realizados en estos paises,
cuenta generalmente, con un muy limitado nimero de participantes.

Ademas, la mayoria de los estudios analizados no recogen apenas variables
clinicas, sociodemograficas y psicolégicas, como si recoge nuestro estudio. Algunos
de los parametros que son determinantes en estudios de neuroimagen, como las
condiciones socioecondémicas y de salud, la calidad de vida, otras comorbilidades
incluidos alteraciones psiquiatricas y abuso de drogas, no son tenidas en cuenta.
Respecto a las variables relacionadas con la infeccién por VIH, incluida la edad al
diagnéstico, clasificacion CDC, asociacion o no de encefalopatia por VIH, tipo de TAR
o edad al inicio de TAR no son recogidas en la mayoria de los estudios realizados, ni
existe un consenso sobre que variables deberian ser tenidas en cuenta a la hora de
plantear realizar futuros estudios de neuroimagen en poblacién VIH.

Investigaciones de mayor calidad pueden incluir estudios mas amplios a través
de colaboraciones con multiples grupos de investigacion. A pesar de la falta de
subvenciones sustanciales, los investigadores pueden encontrar formas innovadoras
de maximizar recursos en investigacion y aumentar la potencia de los estudios a través
de la colaboracion. 82

Otra limitacién de los estudios de neuroimagen en general, y de los estudios de
RM cerebral en poblacion VIH-TV en particular, es que la metodologia respecto a las
técnicas empleadas es muy variable, lo que también podrian explicar las diferencias
en los resultados.®? La comunidad implicada en los estudios de neuroimagen ha
respondido a estos retos con la sincronizacion de protocolos y compartiendo sus
datos.

Los futuros estudios de VIH-TV deberian emplear las mismas secuencias y el

mismo “hardware”, lo que permitiria realizar comparaciones y normalizar los datos.
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Mientas que los estudios de neuroimagen en pacientes con VIH-TV se quieren
focalizar en hipotesis muy especificas o tecnologias mas refinadas, la poblacion VIH-
TV se beneficiaria al adoptar un enfoque de los datos mas abierto, y realizar el
esfuerzo de armonizar la metodologia empleada y realizar analisis similares con la
finalizad de homogeneizar los estudios de neuroimagen en este grupo poblacional.
La diseminacion de herramientas para el procesamiento y analisis de las
pruebas de neuroimagen nos permitira trazar y comprender mejor las trayectorias
dindmicas del desarrollo cerebral en nifios con VIH-TV, apoyando que intervenciones
pueden mejorar el pronostico neuroldgico de estos pacientes. La inclusion en estos
estudios, de datos relativos a la infeccion VIH, incluyendo caracteristicas clinicas e
inmunovirolégicas, asi como informacién detallada sobre la edad al inicio del TAR, es

de vital importancia para entender mejor el impacto de la enfermedad sobre el SNC.

MEDICION DE LA ACTIVIDAD CEREBRAL A TRAVES DE LA RM FUNCIONAL EN
PACIENTES VIH DE TRANSMISION VERTICAL

Los resultados obtenidos del estudio de neuroimagen funcional que compara la
activacion neuronal medida por RMf mediante realizacion de tareas, en un subgrupo
de pacientes con buen control inmunovirologico, en estadio no C del CDC, y con
adecuadas funciones cognitivas y en un grupo control sin VIH, no se encuentran
diferencias significativas. Sin embargo, dentro del grupo VIH, mayor tiempo con TAR
se asocia con mayor activacion en el giro frontal inferior izquierdo, lo que podria indicar

una posible compensacion funcional

La metodologia del estudio incluy6 una tarea de fluidez fonoldgica en la que la
region principalmente implicada fue el GFIl, que se ha descrito previamente como uno

de los nodos funcionales mas destacados para la fluidez verbal fonoldgica. 8486
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Ademas, nuestros hallazgos de que los individuos VIH-TV a mas afios de TAR
presentan una mayor activacion del GFIlI durante la realizacion de la tarea, es
consistente con nuestro conocimiento de la compensacion funcional, sugiriendo que
esta estructura es importante para el desempefio exitoso de la fluidez fonoldgica. De
forma similar, Thames et al. observaron que el recuento de CD4 se asoci6 de forma
directa con un mayor porcentaje de cambio de sefal en el GFIl durante la tarea de

fluidez verbal fonolégica. 63

Por el contrario, estudios sobre la activacion neuronal durante la realizacion de
tareas que implican atencion, funciones ejecutivas y memoria, en adultos infectados
por el VIH, han reportado diferencias entre los pacientes con VIH y los controles
seronegativos, encontrando una mayor activacion en el grupo VIH.8” Sin embargo, la
mayoria de estos estudios no han tenido en cuenta el estado inmunovirologico, ya que
no todos los pacientes recibian TAR. Ademas, no existen datos comparativos sobre
RMf durante la realizacibn de tareas en poblacion VIH-TV, lo que dificulta la

interpretacion de los resultados.

En nuestro estudio, la ausencia de diferencias entre grupos podria deberse a
la cuidadosa seleccibn de un grupo de pacientes con excelente control
inmunovirolégico. Se trata de 10 pacientes, adultos jévenes, que llevan mas de la
mitad de su vida recibiendo TAR (mediana de 13,7 afios), con una CV indetectable de
forma mantenida (mediana de 9,5 afios), y a su vez pertenecientes todos a estadio A

o B del CDC, excluyendo aquellos pacientes en estadio C.

Varios estudios recientes, incluido un estudio realizado por NeuroCoRISpe,
acerca del desarrollo neurocognitivo en pacientes con VIH-TV, indican que

unicamente los pacientes en estadio C del CDC van a mostrar un peor rendimiento
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cognitivo, sugiriendo que aquellos nifios infectados por el VIH que no habian
desarrollado enfermedad severa antes del inicio del TAR, presentaban un riesgo
similar al resto de sus pares no infectados por el VIH, de manifestar dichas
alteraciones cognitivas. 2288 En el estudio de evaluaciéon neurocognitiva en un grupo
de adolescentes VIH-TV realizado por NeuroCoRISpe y que se incluye como anexo a
esta memoria, se observd que los pacientes VIH estadio C presentaban un
rendimiento mas bajo en todos los dominios, incluido NPZ-5 que representa una
puntuacion global (media de Z-scores de todos los dominios), pero especialmente en
inteligencia cristalizada (relacionada con el aprendizaje y nivel cultural), en el cociente
de inteligencia, en habilidades cognitivas y en memoria. Sin embargo, el grupo VIH no

estadio C, puntud de forma muy similar al grupo no VIH (Figuras 7y 8) &

Por tanto, podemos afirmar que, aunque los mecanismos exactos que
gobiernan la recuperacién neuronal siguen siendo desconocidos, estos hallazgos
apoyan la teoria de que una temprana y mas duradera terapia antiretroviral, serian los

mejores factores neuroprotectores para este grupo poblacional.
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Figura 7. Media de Z-scores de la evaluacion neurocognitiva en diferentes

dominios entre pacientes VIH estadio C y pacientes VIH estadio no C.
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La media Z-score indica donde se compara la puntuacion del paciente con la puntuacién media del
grupo sin VIH (cuantas desviaciones estandar por debajo o por encima de la media del grupo de
referencia). Los resultados entre -1 DE y +1 DE se consideran normales. Se encontraron diferencias
significativas entre PHIV + / C y PHIV + /noC: NPZ-5, Media Z-score [DE], —0,64 [0,34], -0,19 [0,64]
respectivamente, p = 0,037; Memoria, media Z-score [DE], -0,97 [1,08], —0,21 [1,18], respectivamente;
p = 0,067
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Figura 8. Puntuaciones estandar de inteligencia fluida, inteligencia cristalizada
y coeficiente intelectual en pacientes VIH agrupados por estadios clinicos del

CDC.
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Todas las escalas representan puntuaciones estandar basadas en la edad (media = 100, DE =
15).

La inteligencia cristalizada se ve mas afectada por la cultura, la educacién y la experiencia,
mientras que la inteligencia fluida esta relacionada con la capacidad de pensar l6gicamente y
resolver problemas en situaciones novedosas y su base es genética. A partir de ambos, se
calcula una puntuacion compuesta global (puntuacion compuesta de coeficiente intelectual- 1Q
Composite).

Se encontraron diferencias significativas entre PHIV+/C vs. VIH negativo: capacidad cristalizada
(diferencia media: 11,175, p = 0,025); 1Q Composite (diferencia media: 10,725, p = 0,016).
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EVALUACION DEL NEUROFILAMENTO DE CADENA LIGERA COMO
BIOMARCADOR DE LESION NEURONAL EN PACIENTES VIH DE TRANSMISION
VERTICAL

El Neurofilamento de Cadena Ligera, constituye una subunidad imprescindible
como parte de los axones neuronales.?® La medicién de concentraciones plasmaticas
de NfL se ha reportado recientemente, como un fiable biomarcador prondstico al inicio
y durante la progresién de enfermedades neurodegenerativas, incluido el VIH, 64-67.90

En este estudio, hemos mostrado que pacientes con VIH-TV que reciben TAR
y mantienen carga viral suprimida presentan concentraciones plasmaticas de NfL muy
similares a aquellas encontradas en individuos VIH negativos. De forma adicional,
incluso considerando la limitaciéon de un reducido tamafio muestral, los Unicos 5
pacientes que presentan carga viral detectable mantienen concentraciones de pNfL
mas elevadas, lo que indicaria que una persistente replicacion viral puede contribuir a
un dafio neuronal mantenido.

Esto ha sido demostrado de forma similar en poblacion adulta con VIH,
indicando que la degeneracién axonal inducida por el VIH puede ser suprimida gracias
al TAR, y encontrando correlaciones en las concentraciones plasmaticas y LCR de
NfL a lo largo del tiempo tras el inicio del TAR. 649192

Estos resultados enfatizan la importancia de un inicio temprano y mantenido del
TAR con la finalidad de evitar un mayor dafio neuronal en los nifios.

Por otro lado, en este estudio exploratorio en adolescentes y adultos jovenes
con VIH-TV, hemos encontrado que concentraciones mas elevadas de pNfL se
asocian con menores voliumenes regionales y una peor puntuacion en el test
neurocognitivo que evalta la velocidad de procesamiento (Digit Symbol-Coding

subtest). La velocidad de procesamiento indica cuan rapida se capta una informacion,
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se procesa y se responde a ella. Esta informacion puede ser visual o auditiva y es uno
de los procesos mas afectados en poblacion VIH.

De forma similar, Anderson et al. publicaron que concentraciones mas elevadas
de pNfL se asociaban con peor rendimiento en las evaluaciones neurocognitivas en
poblacién adulta con VIH. %3

Igualmente, otros estudios muestran que concentraciones mas elevadas de NfL
aparecen en multiples enfermedades neuroldgicas en los que la velocidad de
procesamiento es uno de los procesos cognitivos mas afectados, como la esclerosis
lateral amiotroéfica, %4°° la Enfermedad de Alzheimer, °6 o la demencia frontotemporal.®’
Se considera que la velocidad de procesamiento es dependiente de las propiedades
de la sustancia blanca. %1% | a sustancia blanca se compone de los axones
mielinizados, y el grosor de las vainas de mielina esta asociado con la velocidad de la
conduccion nerviosa; por ello, la relacién entre la velocidad de procesamiento y las
concentraciones de NfL parecen consistentes.

Por otro lado, diferentes estudios han mostrado que niveles elevados de pNfL
se asocian con menor volumen cortical y subcortical de sustancia gris y sustancia
blanca en pacientes con enfermedades neurodegenerativas.'°1102 Pero, sin embargo,
el Unico estudio realizado en poblacion adulta con VIH en el que se evaluaban
biomarcadores de dafio neuronal en LCR, incluido NfL, no se asociaban con las
medidas de imagen de las estructuras cerebrales. 103

Es importante resefiar, que el NfL tiene como limitacion que no se trata de un
biomarcador especifico. Como ya hemos mencionado, niveles elevados de NfL se
observan en mudltiples enfermedades neurolégicas, incluidas enfermedades
neurodegenerativas, pero también en neuropatia periférica y traumatismos

craneoencefalicos.’>1%4 E|l NfL plasmatico y en LCR también puede encontrarse
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elevado en ciertas infecciones del SNC, 1% incluido la infeccién por SARS-CoV-2 en
pacientes con sintomatologia neurolégica.1%® Sin embargo, y aunque no se trate de un
marcador de dafio neuroldgico especifico, es un biomarcador atil, puesto que es
sencillo de realizar aportando una medicién aproximada de dafio neuronal secundaria
a una inflamacion mantenida del SNC. Seria util realizar estudios longitudinales y a
largo plazo que valorase si estos pacientes con mayores concentraciones plasmaticas
de NfL, van a desarrollar en el futuro mas enfermedades neurodegenerativas como
son el Parkinson y Alzheimer.

En referencia a los volimenes cerebrales, en este estudio encontramos que el
grupo VIH-TV presentaba menor volumen de sustancia blanca en determinadas
regiones cerebrales como el cerebelo, I6bulos occipitales y nicleo accumbens. Como
ya hemos visto previamente, diversos estudios realizados en adolescentes con VIH-
TV han reportado similares resultados mostrando menor volumen de sustancia blanca

regional o total al compararlo con un grupo control sin VIH. 4348

Finalmente, es importante resefar, que pocos estudios realizados hasta la fecha en
poblacién VIH-TV, aportan tantos datos de evaluacién del neurodesarrollo, incluyendo
evaluaciones neurocognitivas y neuropsicoldgicas, pruebas de neuroimagen y
medicién de dafio neuronal a través de la medicion de NfL plasmatico, contribuyendo
a aportar valiosa informacion del impacto que tiene el VIH sobre el sistema nervioso
central.

Los estudios realizados en este trabajo de investigacion parecen indicar que un mejor
control del virus, gracias al inicio temprano del TAR, manteniendo un buen control

inmunovirolégico, es el mejor factor neuroprotector.
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La cohorte de adultos jovenes con infeccion VIH de transmision vertical (VIH-
TV) con buen control inmunovirolégico, no muestra diferencias en las
evaluaciones neurocognitivas al compararlas con un grupo control pareado por

sexo, edad y nivel socioeconémico.

Sin embargo, el estudio de morfometria cerebral muestra un mayor
adelgazamiento del grosor cortical a nivel temporal, orbitofrontal y occipital, y
un menor volumen regional de sustancia gris a nivel subcortical en el grupo
VIH-TV, no estando clara la posible traduccion clinica de estos resultados en la

actualidad y a largo plazo.

Dentro del grupo VIH-TV, un mayor recuento de linfocitos T CD4, se asocia con
un mayor volumen regional a nivel del putamen. De la misma forma un inicio
tardio de del TAR y un nadir de linfocitos T CD4 mas bajo, presentan correlacion

con un mayor volumen a nivel del ndcleo accumbens.

Estos resultados sugieren que los estudios de neuroimagen estructural son
capaces de detectar alteraciones del desarrollo cerebral en los pacientes con
VIH infectados verticalmente, a pesar de que las evaluaciones psicométricas

sean normales.

En un subgrupo de pacientes con VIH-TV con muy buen control

inmunovirolégico, sin antecedentes de enfermedad severa pertenecientes a



Conclusiones

estadios A o B del CDC, con TAR estable y un buen rendimiento en sus
actividades diarias, no se encuentran diferencias en los patrones de actividad

neuronal medida por RMf.

En el estudio de RMf, durante la realizacion de una tardea de fluidez verbal, los
pacientes con mayor tiempo de TAR presentaban una mayor actividad neuronal
en los clusters que engloban el giro frontal inferior izquierdo, que se traduce en
un aumento de la demanda metabdlica mediante consumo de glucosa y

oxigeno para llevar a cabo dicha tarea.

Los estudios de neuroimagen que han sido publicados hasta la fecha
evidencian, de igual forma, una clara alteracién en el desarrollo cerebral de la
poblacién con VIH-TV, pero no existe un consenso sobre que estructuras

cerebrales estarian mas afectadas.

Es fundamental que se unifiquen los criterios necesarios que deben incluir los
estudios de neuroimagen en poblacion VIH, siendo de vital importancia la
evaluacion de datos relacionados con la infeccion por VIH (incluidas las
caracteristicas clinicas, inmunovirolégicas e informacion detallada del
tratamiento antirretroviral) y caracteristicas socioecondémicas y demograficas,

con la finalidad de entender mejor el impacto del virus en el SNC.

El Neurofilamento de cadena Ligera (NfL), es un biomarcador fiable y accesible
de lesion neuronal, que evita la realizacion de una puncién lumbar para su

medicién en liquido cefalorraquideo.
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10.No encontramos diferencias entre los niveles en plasma de NfL de pacientes

con VIH-TV y un grupo control pareado por edad.

11.Las concentraciones plasmaticas de NfL en pacientes con VIH-TV, son mas
elevadas en pacientes con mal control virologico, lo que podria indicar mayor

dafio neuronal en este grupo de pacientes.

12.Los pacientes con VIH-TV muestran menor volumen regional de sustancia
blanca en cerebelo, I6bulos occipitales y nucleo accumbens (region sustancia

blanca).

13. Este estudio exploratorio muestra posible correlacion entre ciertas regiones de
sustancia blanca cerebral, evaluacién neurocognitiva y la concentracion

plasmética de NfL en poblacion VIH-TV.

14.En esta memoria se han evaluado, de forma detallada, las posibles alteraciones
de desarrollo cerebral y dafio neuronal que presentan adultos jovenes con VIH

de transmision vertical en un pais con un sistema de salud desarrollado.

15. Seria fundamental realizar un seguimiento longitudinal de estos pacientes para

evaluar la traduccion clinica de estos resultados a largo plazo.

16.Se trata de un estudio Unico e irrepetible, puesto que este grupo de

participantes pertenece, en su mayoria, a la época previa al inicio del TAR,
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habiendo recibido en los primeros afios de vida tratamiento suboOptimos y

permitiendo que el virus se estableciese en el SNC como reservorio

17.Un inicio del TAR temprano y mantenido, evitando asi progresion de la infeccion
a estadios mas graves (estadio C del CDC), parece ser el principal factor

neuroprotector.
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a control group.

Methods: Thirty PHIV+and 30 HIV(—) healthy young adults matched by age, sex and socioeconomic status
completed a protocol that included neurocognitive tests, a psychosocial semi-structured interview and a
Neuracognitive QoL questionnaire (PedsQL). Neurocognitive domain-specific and domain-general (NPZ-5) Z-scores were
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No differences were found between PHIV+/noC and HIV(-) participants. However, the PHIV+/C group
showed poorer performance than PHIV+/noC (NPZ-5, p=0.037) and HIV(—) subjects (crystallised intel-
ligence, p=0.025; intelligence quotient, p=0.016). Higher nadir CD4+ T-cell count was related to better
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Background Sleep quality (SQ) datain human immunodeficiency virus (HIV) pediatric
population are scarce. Our main objective was to assess SQ in our cohort and to
determine the impact of antiretroviral therapy (ART) on sleep in a cohort of HIV-
infected adolescents on cART.

Materials and Methods The SQ was assessed through the Pittsburgh Sleep Quality
Index (PSQI). Neuropsychiatric symptoms (NS) were recorded using an auto-adminis-
tered questionnaire. To determine the antiretroviral (ARV) impact of efavirenz (EFV) on
SQ, patients on EFV versus protease inhibitors-based regimens were compared.
Results Forty-six patients were evaluated (median age: 16 years, interquartile range
[IQR]: 10.8, 17)). Age at the start of ART: 1.3 years (0.4, 5.2); 23.9% showed acquired
immunodeficiency syndrome (AIDS) category. Median CD4 at baseline was 656 (550,
808) cells/mm?; 91.3% had viral load <50 copies/mL. Median time on cART was 11.3
years (7.5, 15.2). Fifty-two percent of the patients were on EFV-based regimen. No
differences were found in clinical and immunovirological variables although patients
on EFV were older and were exposed for a longer time to ARV. Poor SQ was found in
26.1% of patients. Most frequent complaints were: sleep disturbances (76.1%), sleep
latency (63%), and daytime dysfunction (54.3%). Similarly, there were no significant
differences in NS between both treatment groups according to patients’ reports but
were significantly more common in bad sleepers. Patients on EFV-based regimen were

Copyright © 2018 by Georg Thieme
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PALABRAS CLAVE Resumen

Funcionamiento Introduccion: Los objetivos principales del estudio fueron dos: a)identificar la prevalencia de
psicosocial; sintomas depresivos y de ansiedad y trastornos del sueno en pacientes jovenes con infeccion por
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Infeccion por VIH con Métodos: Estudio transversal en dos grupos con medidas independientes: 36 sujetos con VIH
transmision vertical; (transmisidn vertical) y 3% sin VIH {no infectados). Se emplearon tres instrumentos de eva-
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