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Abstract 

We examined a broad range of neuropsychological functioning in three distinct 

cnhorts nf infants, jreschool. and school-age children ~kith vertically transmitted HIV 

infection. Our results are the first to assess development in a group of Canadian children 

with vertically uansmitted HIV infection. Children were administered a battery of age- 

appropriate developmental or neuropsychological tests assessing, where possible, 

intelligence. receptive language, expressive language. visual and verbal mernory. visual- 

motor speed and coordination. fine motor skiil' and academic achievement. At the time 

of assessment. the children were on different antiretroviral therapies consistent with 

clinical practice at the time of testing. Results revealrd that infants with HIV-infection 

are significantly delayed in mental. motor and adaptive tùnctioning. The preschool 

cohort showed results that indicated that mean overall IQ for the gmup was renective of 

average performance. A relative weakness was documented on a measure of receptive 

vocabulary. School-age children with vertically msmit ted  HIV infection showed many 

areas of cognitive function within the normal range. However, subtle rnotor impairrnents 

were documented and our results are the first report of fine motor and motor strength 

deficits in school-age children with HIV. The results should not be used to genedize a 

developrnental trajectory for children with vertically transmitted HN Section because 

the three studies are cross-sectional in design. 



Epidemiology and Transmission 

Acquired immunodeficiency syndrome (AIDS), which is caused by the human 

immunodeficiency virus (HIV), has become pandemic. In Canada, the epidemic is 

changing From one that initially appeared to affect gay men and people who received 

blood or blood products. It is now known that the infection occurs arnong a11 individuals 

and populations. with an increasing incidence among women and secondarily their 

newboms. Nationally. over the past decade the number of infants boni to HIV-infected 

mothers has increased steadily (Health Canada. 1999). Despire the rnany medical and 

scientific advances that have occurred in HIV/MDS research over the past two decades. 

HIV infection has become a major source of morbidity and mortdis, in infants. children 

and adults. 

In Canada. as of December 3 1. 1999. a total of 45.534 individuals with positive 

HIV tests and 16.9 13 AIDS cases had been reported to the Laboratory Centre for Disease 

Control at Health Canada. Behveen 1989 and 1998. a total of 765 children were reported 

bom to HIV-infected mothea. Of those. 232 have been c ~ ~ r r n e d  H I V  positive (vertical 

transmission) and an additional 6 1 have indeterminate status and are being monitored. h 

al1 provinces in Canada HIV testing during pregnancy remains the choice of the 

individuai woman. Consequentiy, not al1 of the pregnant women with HIV will be 

identified. and therefore the nurnber reported by Health Canada does not capture the 

actual nurnber of infants that are boni to HIV-infected mothers or the number with 

vertically transmitted HIV infection. Although pediatric A i D S  cases represent only 1.5- 



2% of the total number of reported AIDS cases in the country, the number of children 

bom to HIV-infected mothers is expected to rise (Health Canada, 2000). 

The rnajority of infants and children who acquire the infection do so from a 

mother who is infected with the HIV virus. in Canada, up to December 3 1, 1998, 196 

pediatric A I D S  cases (children 0-14 years) were reported, and 153 (78%) were attributed 

to vertical transmission. As the prevalence of HIV is increasing arnong women of child- 

bearing age so is the number of children born with vertically transmitted HIV infection in 

both urban and nird communities. Ln Ontario, between 1984 and 1989. there were 34 

HIV-infected infants born to HN-positive mothers; during the penod of 1990 to January 

1997. the number of reported cases was 59. Overall. during the entire period. just over 

58% of the mothers reported their risk factor for HIV as bcing from an rndemic country. 

where heterosexual transmission of HIV is the most likely mode of transmission (Health 

Canada, 1999). The remainder of cases of vertical transmission can be associated with 

intravenous h g  abuse by either the mother or her sexual partner. transfusion of blood or 

blood products to the mother, or unprotected sex with a non-intravenous-drug- abusing 

male (hrmophiliac. bisexuai) or immigration from an endemic country. Because the 

Canadian blood supply has been screened for HIV antibodies since the spnng of 1985, 

transfusion as a method of HIV infection in children h a  been vimially eliminated. 

HIV cm be transmitted from a mother to her child via three routes: in utero, by 

transplacental passage; during the birth process through exposure to maternai blood or 

other body Buids; or through breastfeeding. AU Uifants born to mothers infected with 

HIV have passively acquired matemd antibodies to the HIV infection; however, the 

mother to child transmission rate varies in different regions of the worid. In Europe and 



the United States, the rate ranges fiom 13-25%, whereas in developing nations it has been 

estimated to range frorn 25-35% (Giaquinto et al., 1998). It is now known that advanced 

materna1 disease during or soon after pregnancy and general immunological deterioration 

associated with high concentrations of H N  ribonucleic acid (i.e.. viral load) in the plasma 

and Iow CD4 counts have been correlated with increased rates of transmission 

(Mo fensen, 1 997). 

A number of therapeutic interventions have been proposed to decrease the rate of 

mother to child transmission during pregnancy and labour. The results of the AIDS 

Clinicai Trials Groupes (ACTG) 076 trial of zidovudine (AZT) given to mothen during 

pregnancy. during delivery and to the newborn for 6 weeks. showed that transmission 

codd be reduced by as much as two-thirds (Comor et al.. 1994). Further. to prevent 

postpartum transmission. mothers are encouraged not to breast feed, when nutritional 

alternatives are available for feeding infants. 

Natural History and Clinical Course 

The clinical course of HIV-infection is variable in children who have vertically 

acquired HIV and those who acquired the infection as a result of exposure to 

contaminated blood or blood products. The interval between infection and the onset of 

symptoms has been show to Vary widely in therapy-naïve children. On average the 

latency period tends to be longer in children who have acquired the idection through 

transfusion and it tends to be longer in aduits than it does in children (Rogers et al, 1987). 

In addition, several studies on survival of children with verticaily acquired HIV-infection 

indicate a bimodd distribution in which the disease follows one of two patterns of 

progression (Blanche et al.,1990; Scott et al., 1989). 



These reports have shown that mortality is highest (25-30 %) within the first two 

years of life. Further, death in the fust years of life is strongly associated with 

opportunistic infections, such as pneumocystis pneunonia, severe encephalopathy and 

recurrent bacterial infections. In another subgroup. disease progression is slow without 

high rates of opportmistic infection and encephalopathy early in life. Both studies 

reported a survival rate at 5 years of around 65%. Other factors that have been shown to 

influence survival in pediatric cases are: low birth weight, growth failure, hepatitis. fever, 

diarrhea. anemia, and severe immunosuppression (Galli et al.. 1995: Italian Register for 

HIV Infection in Children. 1994; Tovo et al.. 1992). The mitigating factors that 

determine whether a child will experîence rapid versus slow disease progression are not 

well understood. However. potential mediators have been suggested and include: timing 

of infection. host immune response. genetic factors. different strains of the virus and 

effects of antireûoviral therapy (Galli et al.. 1995; Itdian Register for HIV Infection in 

Children. 1 994). 

Virology 

HIV is a nbonucleic acid (RNA) virus belonging to the lentivhs family of 

retrovimses (Connor & Ho. 1994). It is referred to as a retrovirus because of the way it 

copies its genetic code. In contrat with other RNA viruses, HIV replicates by reverse 

transcribing its RNA code into the DNA. Retroviruses are capable of producing profound 

immune system suppression and cancers. In people living with HIV, the virus causes 

immunosuppression by dysregulating a d o r  destroying the Tcell lymphocytes, 

increasing the risk of occurrence of opportunistic diseases (e.g. Pneurnocystis carinii, 

lymphomas). 



Medical Management 

The management of pediatric HIV infection requires an interdisciplinary approach 

to be effective. Services should include medical care, psyc hosocial management, social 

services. educational planning, speech-language therapy, nutritional counseling, advocacy 

and service coordination. 

Antiretroviral therapy is a critical component of the care of HIV-infected children 

and adults. In children. antiretroviral therapy can extend their lives, delay or prevent the 

onset of AIDS and improve several manifestations of HIV disease. There are several 

broad categories of antiretroviral agents. The two primary targets for action are the 

reverse transcriptase (RT). an enzyme unique to retroviruses. which copies the viral RNA 

template into a DNA molecule and the HIV-specific protease that is responsible for the 

posttranscriptional processing of viral proteins. Wucleoside analogues and non- 

nucleoside reverse transcriptase inhibiton act through disrupting RT hinction. As is 

evident in the narne, the protease inhibitors block the posttranscriptional packaging of 

H N  proteins resulting in defective viral particles. 

Combination antiretroviral therapy has been s h o w  to be more effective than 

monotherapy and thus has been adopted as the therapeutic approach. There are 

disadvantages to this approach and they include cost, drug-dnig interactions and more 

complex patterns of toxicity (McKimey, 1997). Ako, complex dmg reghens can 

decrease adherence and cornpliance amongst the patients. Despite these disadvantages, 

two approaches have been taken to the design of combination regimens. The first 

approach is to target multiple sites in the Wal life cycle (such as RT and protease). Both 



approaches appear to work, although which is the better has yet to be deterrnined 

(McKinney, 1997). The other approach is to combine a nurnber of drugs that act at the 

same biological site (the RT or protease). The rationale is that the conformational 

changes in the RT that produce resistance to one drug might make the virus more 

susceptible to the action of one of the other drugs. 

Persistent low levels of HIV RNA in plasma are correlated with an improved 

outcome (Mellors et al.. 1996). With the use of combination therapies it is possible in 

rnany cases to reduce the number of HiV RNA copies in plasma to undetectable levels. 

However, for severai sites of virus replication in the body it remains unclear how 

effective combination therapy is at suppressing viral replication. One of these areas. 

sometimes referred to as a sanctuary for the virus. is the central nervous system (CNS) 

(Enting et ai., 1998). Cunently. knowledge on CNS entry of antiretroviral dmgs in 

animals and humans is limited. Drug entry to the CNS is hindered by the blood-brain 

banier. which acts to protect the brain fiom transient changes in blood composition. CNS 

entry probably occurs purely by diffusion because to date no antiretroviral dmg 

tnnsporten have been identified (Enting et ai.. 1998). 

Another important component of treatment has been the use of prophylactic 

antibiotics (e.g. trimethoph-sulfamethoxazole (TMP-SM); pentarnidine aerosols) to 

protect against the life-threatening pneurnonia caused by the organism Pneumocystis 

carinii. Other prophylactic regimens are used to protect against other potentially 

threatening infections such as Mycobacterium avium-intraceildace (MAI) complex and 

certain fimgal infections. Findy, a national mdticenter study has confirmed the benefits 

and effectiveness of using infusions of intravenous immunoglobdins (MG) to support 



the immune system. This treatment has been s h o w  to reduce the incidence of fever, 

sepsis and hospitalizations. This effect \vas pnmarily seen in children who were not 

receiving TMP/SMX prophylaxis against PCP. Unfomuiately, overall survival did not 

improve when using NIG (National Institute of Child Health and Human Development. 

intravenous Immunoglobulin Study Group, 1 99 1 ). 

Cognitive Development in Children with Vertically Transmitted HIV Infection 

In categonzing the manifestation of HIV infection in children it is important to 

describe the extent and seventy of central nervous system (CNS) involvement. The 

predominant cause of developmental delay or developmental regression in children seems 

to be the direct involvement of H N  in the CNS (Wolters et al. 1995). resulting in H N -  

related encephalopathy. 

Encephalopathy in HIV-infected children has been classified into two types: 

progressive and static (Belman. 1993). Progressive encephalopathy is M e r  divided into 

a subacute progressive course and a plateau course. The subacute course is characterized 

by the loss of previously attained developmental milestones and by severe deficits in 

cognitive. motor. social-emotional, linguistic and adaptive functioning (Belman et al. 

1988). Some children with subacute progressive encephaiopathy may also display 

behaviours typically associated with autism. such as flat affect, staing, loss of speech and 

lack of social interest in others (Belmaq 1993). In general, cognitive and social 

functioning are globaily and severely impaired. 

The plateau progressive encephalopathy subtype has a less severe course. 

Children do not exhibit the same pervasive deficits as are observed in the subacute 

course. Further, children usually do not lose previously acquired developmental 



milestones (Belman, 1993). However, these children fail to rnake new developmental 

gains over time. Typicaily, what is observed is a pattern whereby the children attain 

lower standard scores on repeated developmental testing consistent with the failure to 

make new gains without actual loss of ability. 

Children with static (or non-progressive) encephalopathy continue to make 

developmental gains but at a slower than expected rate (Belman, 1993). The initial level 

of functioning could Vary fiom the average range to borderiine/deficient; however, there 

is no progressive decline or cessation in development (Behan. 1993). The reasons for 

the observed differences in developrnental hctioning and encephalopathic course are 

still unknown. Several risk factors have been hypothesized to influence the process. such 

as in utero exposure to dmgs. prematurity. nutritional status. perinatal complications and 

cther medical conditions (Belman, 1993). 

Children infected with HIV but not diagnosed with encephalopathy are fiequently 

described as having selective neuropsychological impairments. This goup of children is 

extrernely heterogeeneous wih respect to cognitive and social functioning. Measures of 

their cognitive development ofien fall within the normal range globally. but, they display 

deficits in specific areas of neuropsychological functionlng. For example, selective 

impairments have been noted in expressive language. attention, perceptual-motor 

abilities. and motor function (Wolten et al.. 1995). 

HIV and the developing nervous system 

The manifestation of HN-related CNS disease in pediatric populations is 

changing over time and variability is observed in different populations of children with 

the infection. In venically acquired HIV infection, an infant may develop a chronic 



infection that will, in some cases, resdt in a severe infantile disease with major 

neurologicai complications. However, this severe neurologicai involvement occurs in a 

low percentage of infants and around 60%-70% of HTV-infected children will be dive 

and pursuing a normal school curriculum at 10 years of age (Blanche et ai.. 1990; Tardieu 

et al., 1 995). 

It is well known that HN can infect cells and replicate within the brain. HIV 

probably enters the central nervous system very quickly after infection and infects 

different cells within the brain. The rnost frequently infected cells within the CNS are 

macrophages. There are different categories of macrophages within the brain and the 

most frequent, present in high nurnbers in the white matter and basal ganglia. are resting 

resident microglial cells (Tardieu. 1998). Another set of macrophages, the perivascular 

microglia are located in the area around brain vessels. Macrophages, resident microglia 

and their derivatives are the only cells that have consistently been shown to harbor HIV in 

the CNS (Belman. 1 993). Unfortunateiy. the actual pathogenic mechanisms of HIV on the 

CNS are not well understood. It is thought that 20-30 % of vertical transmission cases 

are a result of infection in utero with the majority occurring around the time of birth 

(Giaquinto. 1998). This early penetration of the CNS means that the final stages of 

development both in utero and during the fust few years of life could be disrupted by the 

chronic M d  infection depending on the timing HIV transmission. However. the 

presence of infected cells is not enough to predict disease reliably. A mechanism of 

amplification and activation probably must exia after infection to induce CNS damage 

and neurological symptoms (Tardieu, 1 998). 



Most probably, neurons and oligodendrocytes are not infected by HIV yet 

symptoms of the disease result fiom neuronal death and white matter lesions. The way in 

which HIV induces neuronal death is probably an indirect and multifactorial process. A 

number of different rnechanisms have been proposed. Neuronal death can result fiom the 

toxic effects of different soluble products secreted in excess by activated brain 

macrophages and astrocytes. The most likely candidates are fiee radicals and it has been 

demonstrated that human astrocytes c m  secrete NO- and microglia O< which can 

combine to form the neurotoxic peroxynitrate (Janabi. Chabrier. & Tardieu. 1996). The 

hi& levels of tumor necrosis factor secretion by activated glial cells could also be 

responsible for the white matter lesions observed in patients with HIV-infection. Further, 

it has been suggested that neuronal death could result From the binding of H N  to the 

neuronal membrane. Lannuzel et al. ( 1 997) reported rhat. in vitro. the virus could induce 

neuronal apoptosis and activation of intracellular proteins responsible for signal 

transduction. In the animal literature. proton magnetic resonance spectroscopy revealed 

significantly increased glutamate levels in the brains of feline irnmunodeficiency virus 

infected cats (Power et al.. 1997). Thus. Power et al. ( 1995) concluded that glutamate- 

mediated neurotoxicity is a major mechanism in the neuropathogenesis of retrolentivirai 

infections. 

Neuroimaging has been used as a tool to undentand CNS disease in children with 

HlV infection. Previous research has shown that HIV-infection in children is associated 

with the presence of computed tomography (CT) scan abnomalities. The most common 

of these are basal ganglia calcifications, white matter low attentuation, atrophy and 

ventricuiar enlargement (Brouwers, et al., 1995; DeCadi, et ai., 1993; King, et al., 1997). 



Calcification of the basal ganglia is considered a classic abnormality associated with 

HIV-infection in children (Belman. et al., 1986; DeCarli, et al., 1993). Previous research 

has shown that in generai. CT scan abnormalities appear to correlate more closely with 

cognitive function in younger children with vertically acquired HIV infection than in 

older children with transfusion associated H N  disease (Brouwers et al., 1995). Mthough 

it has been suggested that brain calcifications appear to be restricted to children who 

acquire HIV through vertical transmission (DeCarli et al., 1 993; Brouwers et al.. 1995). 

King and colleagues (1 997) reported basal ganglia calcifications in children infected 

through transfusion of blood or blood products. These children were probably infected in 

infancy. suggesting that basal ganglia calcifications are associated with infection early in 

life. Furthemore. the presence of intracerebrai calcifications, independent of the degree 

of brain atrophy. was associated with significantly greater delays in neurocognitive 

development (Brouwers et al.. 1995). 

Family and Community Issues 

Illness. particularly chronic. Long-term or terminal illness. has a profound effect on 

families. While some of the aspects of other chronic childhood diseases can be applied to 

the study of pediatric HIV disease. it is widely recognized that H N  is a unique disease 

among chronic and disabling diseases. 

With the largest proportion of children with HIV infection being infected through 

vertical transmission. a diagnosis of W or AIDS in a child often leads to the 

identification of HIV infection in the mother or vice versa. T'us, at least two individuah 

within these families are infected resulting in a multigenerational impact. Within 

Ontario, 58% of infected mothers report theu risk factor for acquiring HIV as being fiom 



an endemic country, where heterosexual transmission of W is the most likely mode of 

trammission. Previous Canadian research on children boni to HIV-positive mothers has 

presented that 67% women reported that they became infected with HIV through 

heterosexual contact (Salter-Goldie et al.. 1997). Thus, diagnosis leads to the realization 

that several or al1 members of a family rnay be infected. in the case of vertically 

transrnitted HIV infection. al1 biological rnothers will be HN-positive and previous 

research has reported infection rates of 6304 in fathen who participated in the study 

(Salter-Goldie et al.. 1997). The implication is that the children's mothers and fathers 

rnay become il1 and die themselves during the course of their children's lives. For 

vertically transrnitted HIV infection. matemal guilt must be incorporated. thus adding a 

characteristic that has been previously identified in parents transmitting a deleterious gene 

or chromosomal abnormality to their children (Cohen. 1994). 

Children with vertically transmitted HIV infection are typicaily found in three 

types of farnily units (Shenven & Boland. 1994). Biological families are those in which 

at least one biological parent, the mother. is HIV infected. Extended or "kinship care" 

families include family or îiiends who have had a previous relationship with the child or 

the child's parents regardless cf whether a blood tie exists. Usually, in these extended 

families, the caregiver is a grandparent. Finaily, foster families involve the placement of 

children in the care of certified foster parents, who have not been previously involved in 

the child's Iife through any comection with the farnily. The nature of the family structure 

has been shown to affect the psychosocid development of children in different ways 

(Sherwen & Boland, 1994). 



Unfomuiately, some caregivers of children with Hn, infection must also deai with 

the temiinal illness, death, ostracism and stigmatization that still is associated with the 

infection. Further, ethnocultural issues arise because in most cultures HN/AIDS raises 

difficult, often taboo. issues. Different cultures give different value to the issues of 

illness and death and factors that rnay lead to exposure to HN such as dmg use and 

unprotected and 15s. sexual behaviours (Cohen, 1994). Also. for people living in rurai 

communities. infornation and education in the cornmunity about HIV/AIDS may be 

limited, thereby increasing the stress associated with diagnosis. In a small town. families 

often express worry over discrimination and loss of privacy and confidentiality when 

accessing services in a cornmunity ' ~ h e r e  everyone knows each other" (National 

Working Group on Comprehensive Care for Penons with HIV Disease. 1993). 

Limitations and Methodologic Barriers to Research on Pediatric HIV Disease 

Although psychological research is vital to establishing appropriate care delivery 

and improving quality of life for children living with HIV disease. there are formidable 

barriers to its conduct. As is outlined previously. HIV disease is unique and research is 

affected by the nature of the disease process. treatrnent protocols, and the nature of the 

population of children affected with HTVIAIDS. Some of die issues and variables 

afTecting research include the following. 

Wide Variation in Aee at Diapnosis. Children are newly diagnosed at different 

points in their development. Cornbined with the migration of people into and out of a 

hospitalys referral are& the child's developmentai ievel becomes a factor that needs to be 

considered. Whiie this factor is not unique to pediatric HIV, the small numben of HIV 

infected children currently identified within Canada presents a formidable banier to 



HN-related research. Controlling for age at diagnosis will limit the number of available 

study participants. For this reason? many investigaton have conducted research uicluding 

both children with vertical and transfusion acquired HIV infection. This combination of 

different etiologies represents another potentid confound. because the neurological and 

developmental manifestations rnay Vary between the two routes of infection. 

L e n d  of Survival. .4lthough many infected children are surviving for longer 

periods, children will die at various times after infection occurs, with a significant 

number dying within the first few years &er infection. Similarly, biological parents and 

other fmily members rnay die during a defined study period. 

Variation of Careeivers and Home Environments. As stated previously, children 

are found in homes with biologicd parent(s), with extended family members and with 

foster families. Furthemore. during the course of study. a child's caregiver and home 

environment rnay change. if for example their parent dies. The nature of the home 

environment rnay affect outcome measures on psychological testing. 

Multiple Medical and Drug Treatment Protocols. Medical treatments for HIV are 

changing over time with advances in antiretroviral therapy. PsychosociaI Functioning 

rnay be directly influenced by the success of medical treatment. Furthermore. with other 

diseases the investigatoa rnay have the ability to exclude children receiving an 

experimental protocol or dmg, whereas in HIV, those children usually are included with 

the other children to obtain an adequate sample. Children with HIV receive numerous 

h g s  in various combinations that are unique to the individual case. Therefore, 

controlling for dmg effects is difficdt if not impossible. 



Connection with D n i ~  Culture. With vertical transmission, a fiequently cited risk 

factor for HIV infection is substance abuse by the mother andlor her partner. If the 

biological mother was a dmg user during pregnancy, the effects of perinatai exposure to 

dmgs and the effects of HIV infection on the child are not easily differentiated. Use of 

dmgs by the mother and/or partner may also affect the home environment for the child 

and family. 

Povertv. Children and families living with HIV/AiDS often live in poverty. It is 

very dificult to assess the independent effects of HIV disease on a chiid who is also 

exposed to other nsk factors associated with poverty. Some of these factors include: poor 

nutrition. inadequate medical and health care. crime. violence. poor education. 

unemployment. and poor housing. Many outcomr measures will be profoundly affected 

by living in poverty. 

Cultural and Ethnic Background. O fien. children and farnilies with H N  are fiom 

minority cultural and ethnic backgrounds. Some of the farnilies will have had negative 

experiences with heaith care professionals and distrust the intentions of researchers. 

Furthemore. participating in research studies, especiûlly ones that do not directly benefit 

them or their children. has little importance to some farnilies. Families with HIV are 

often involved in multiple, often uncoordinated, systems of care that results in a chaotic 

schedule with a significant amount of tirne spent in hospitals and research may be viewed 

as an unnecessary burden. 

Rationale and benefit of the present study 

To our knowledge, the snidies presented in this thesis wili be the first to provide a 

description of cognitive and motor development in a group of Canadian children with 



vertically transmitted HIV/AIDS.  Further, being aware of the difficult methodologic 

barriers facing HIV researchers we have atternpted to describe and match on risk factors 

other than HIV in our study and control groups. The present studies will document the 

development of infants, preschoolers and school-age children followed at the Hospital for 

Sick Children in Toronto. a large tertiary-care university-based hospital that follows over 

900'0 of the children in its referral area. 

The inclusion of CT results is important to our study. Previous research on CT 

brain scan abnormalities and neuropsychological functioning has been conducted on 

sarnples of children of difierent ages tvho acquired HIV bodi vertically and through 

exposure to contarninated blood or blood products without controlling for risk factors 

other than HIV. In our study. al1 the children have vertically transmitted HIV infection 

and most have CT results. Children who are followed for a period of one year or longer 

have a CT head scan done with follow up scans offered annually. 

The research will be reported in three separate chapters. The chapters will report 

our findings on the infants. preschoolen and school age children respectively. We 

decided to separate the children according to age because it follows what had been 

reported in the literaturc previously. Further. the developmental issues and milestones 

reached will vary according to age. The majonty of the neuropsychologicai test battery is 

also age-specific and is not appropriate for al1 children. It has also been consistently 

reported that younger children are more adversely affecteci by HIV infection, especially 

children who present with AIDS at a younger age (Behan et al.. 1988). That younger 

children are more adveaely affected is probably because this group of younger children 

includes those presenting with early AIDS, whereas, in the older groups, these children 



would have died, at least pnor to highly active antiretroviral therapies (HAART). 

Therefore. it is expected that we would observe differences in the level of cognitive and 

motor function between infants, preschoolers and school-age children. It is expected that 

the infant cohort results will retlect global delays in cognitive function whereas the 

preschoolers and school-age children will be afTected by selective neuropsychological 

impairments. Following the presentation of the results a generd discussion will be 

presented to draw overall conclusions and trends within the results. Also, the discussion 

will focus on the direction future research should take witfiin Canada to M e r  document 

the cognitive and motor development of Canadian children living with verticaily 

transrnitted I-lrV/AlDS. 



Cornitive and Motor Development in Chiidren with Verticah Transmitted HIV 
Infection: Birth to 36 Months 

Introduction 

Although the association between hurnan irnrnunodeficiency virus (HN) infection 

and neurodevelopmental del- has been documented in young children. research has 

failed to control for risk factors other than H N  that may affect development (Chase et al., 

1995; Nozyce et al., 1994). Our study includes children who reflect the overall 

population of infants, born to MV-positive mothers. who are followed at the 

Comprehensive Care HIV/AIDS Program at the Hospital for Sick Children in Toronto. 

We report on both a group of children with HIV and a control group of children rxposed 

to but uninfected with the virus. 

in children with venically transmitted HN, infection occurs while the CNS is still 

immature. It is estimated that in non-breastfeeding populations approximately 70-80% of 

infection is acquired around the time of birth whereas the remaining children are infected 

during intrauterine life (Giaquinto et al., 1998). HIV appears to invade the central nervous 

system early in infection, particularly among infants and children. Developmental delays 

attributable to the encephalopathic process are cornrnonly observed in infants with HN 

with v-g patterns of encephalopathy noted (Aylward et ai., 1992; Behan et al., 1988; 

Chase et al, 1995). Children with HIV-related encephalopathy usually exhibit global 

deficits in cognitive, language, motor and social skills. although there may be variability 

within some affected functions. 



Infants are at particular risk for neurodevelopmental manifestations associated 

with their Hnr infection. Studies have consistently reported delays in cognitive and 

motor development as  rneasured by the Bayley Scdes of uifant Development (Bayley, 

1969; 1994). However, different patterns of neurodeveiopment have been reported. For 

example, the age of onset of developmental delays range from as early as three months 

(Gay et ai.. 1993) to as late as 24 months (Chase et al., 1996). In some instances, both 

cognitive and motor development are impaired. and in other cases, one specific 

impairment in cognition or motor fùnction may be observed in the presence of preserved 

functioning in the other (Belman. 1993). 

Numerous studies have reported on neuropsychological evaluation done on 

children in a hospital setting. however. linle research has investigated the relationship of 

HIV on children's everyday adaptive functioning in the home environment (Wolten et 

al., 1994). Evaluating the ability of children with HIV infection to perform various age- 

appropnate daily activities at home and in the cornmunity will provide an indicator of the 

impact of the infection on quality of life for both patients and their families. Therefore. 

independent observations of behaviour by parents can provide an additional assessrnent of 

developmental function in infantç with HIV infection in their home environment. 

Early studies have shown that neurological complications are common in children 

with HIV (Belman et al., 1988). Neurological studies have identified a variety of centrai 

nervous system abnormdities associated with HIV-infection. They include C O ~ C ~  

atrophy, calcification of the basal ganglia and frontal white matter, ventricular 

enlargement and white matter low attenuation (DeCarii, et ai.. 1993; King, et al., 1997). 

The most important hding  f h m  a developmental perspective is that of rnyelinopathy. 



During infancy the brain is still undergohg a period of rapid myelination. Infancy is also 

a time in which children attain a number of significant motor, cognitive and behavioural 

milestones. Any disruption in this process can be expected to produce developmental 

delays that may becorne more significant over time. 

In summary, previous research has consistently reported deficits in both cognitive 

and motor function in infants with vertically transrnitted HIV intèction. However. many 

studies have been limited by potential confounds. The purpose of this study was to 

compare mental and motor functioning in a sarnple of infected and uninfected children 

(aged 6-37 months) bom to HIV-infected mothers. The present study has managed to 

control for the confounding effects of substance exposure. English as a Second Language 

(ESL) and rate of matemal sepmtion by using a control group of children who were not 

infected with HIV but who were bom to HIV positive mothers. Another goal of the study 

is to examine cornputerized tomography (CT) scan data exclusively on children with 

vertically transmitted H N  infection in an attempt to observe whether the structural brain 

changes obsewed in these children with HIV-infection are associated with functionai 

deficits. 

Methods 

Participants 

All of the participants were followed through a tertiary-care univeaity-based 

pediatric HlV/AiDS Comprehensive Care Program at the Hospital for Sick Children 

(HSC) in Toronto. This study was approved by the Research Ethics Board at HSC and 



informed consent was obtained fiom parents. Fifty children boni to HIV-infected mothers 

were included. Of these, 25 children had documented HIV infection and 25 tested 

negative for the HW antibody by 15-1 8 months of age. Al1 children in the infected group 

met one of the following criteria: positive ce11 HIV culture or HIV-DNA polymerase 

chah reaction assay after the neonatal period and/or positive HIV enzyme-linked 

immunosorbent assay (ELISA) and Western blot beyond 18 months of age. Since the 

beginning of the HIV/AiDS Program in October 1988. patients have been followed 

prospectively by two pediatric consultants. Al1 patients followed for more than 1 year 

had a cranial CT scan, with follow-up CT scans offered annually. Al1 patients are offered 

psychological evaluation. Existing data were collrcted for al1 infants who had undergone 

developmental testing, in the first 37 months of Me. as part of their routine clinic follow- 

up from 1989 through 1999. Some children were assessed on more than one occasion: for 

these cases. the data analyses were conducted on the most recent assessment for each 

child. Exclusion cntena included children with known pre-existing non-HIV-related 

conditions such as Dom's syndrome. congenitai multiple handicaps, severe prernatuity, 

significant perinatal trauma associated with developmental delays and severe 

intraventricular hemorrhage. Table 1 contains descriptive data for the sarnple. Age \vas 

compared using a independent t-test- al1 the 3 x 2 tables using a Fischer's exact test and 

al1 the rest using a chi-squre. 

AI of the children, except for two, were on antiretroviral therapy at the time of 

assessment Three children were taking a combination of dmgs including two reverse 

transcriptase inhibitors and one protease inhibitor. Eighteen children were receiving a 

combination of dmgs that included oniy nucleoside analogues. The average number of 



dmgs that the children were taking at the time of assessrnent was 2 (range 0-3). 

Seventeen children were receiving regular monthly infisions of intravenous gamma 

globulin and 14 children were on PCP prophylauis. 

According to the 1994 revised CDC Classification, children were classified into 

one of three immunologie categories that were established to categorize children by the 

severity of immunosuppression attributable to HIV infection (CDC, 1 994). Eight 

children showed no evidence of suppression. 8 showed evidence of moderate suppression 

and 9 had evidence of severe suppression. 

Table 1. Description of Sample by HIV Status. 

Age * SD (rnonths) 
Range 

Gender 
Males 
Females 

Race 
Black 
White 
Other 

Mothers Intravenous Drug Use 
unknown 

English as a Second Language 

Any foster or kinship care 

Infected 
(N = 25) 

24.7 I 9.3 
7 - 3 7  

12 
13 

12 
6 
7 

1 
4 

10 

2 

Uninfected P-value 
(N =25) 



Procedure 

This retrospective study was conducted to assess potential diflerences in motor and 

mental performance in a sample of children with vertically acquired HIV infection and 

children exposed to but not infected with HIV. Children were scheduled for assessment 

ro monitor neurodevelopmentai growth or neurodevelopmental decline. The Bayley 

Scales of Infant Development, BSID. (Bayley. 1969; 1994) and Vineland Adaptive 

Behavior Scales (Sparrow. et al.. 1984) were administered according to standard testing 

procedures. Thirty-two children were administered the BSID and 18 children were given 

the BSID-II. Bayley Mental Development Index (MD[) and Psychomotor Development 

Index (PDI) scores were recorded at each assessment. The Vineland Adaptive Behavior 

Scales. a semi-structureci interview administered to the child's parent or primary 

caretaker. \vas used to mess adaptive functioning in the children. The parent answered 

questions about specific behaviours their child rxhibited at the time. The Vineland Scales 

measure four domains and 10 subdomains of behaviour in children: 

1 .) Communication: receptive and expressive language. 

3.) Daily Living: pesonal, domestic and community living skills 

3.) Socialization: interpersonal, playlleisure and coping abilities 

4.) Motor skills: fine and gross motor abilities 

Domain standard scores from the Vineland Scdes were used in the analyses. 

To ensure comparability of data across children. individual MD1 and PD1 scores 

on the BSID-1 were converted to BSID-II scores according to cnteria described in the 

BSID-II Manual (Bayley, 1994). The manual contains a table that presents ranges of 



expected BSD-II MD1 and PD1 scores for selected BSID scores. The ranges of expected 

BSID-II scores are relatively narrow near the middle of the index score distribution (e.g. 

100) and wider at the upper and lower score levels. For each child who received the 

BSID, the index score was converted by taking the rnidpoint of the corresponding range 

of expected BSD-II MD1 and PDU scores. It should be noted that there is a substantial 

amount of overlap in the content of the two BSID scales and the observed differences c m  

be accounted for by theoretical and psychornetnc rationales. 

Individual MD1 and PD1 scores were recorded at each assessrnent beginning in the 

first six months of life. As the lowest developmentd index included in the normative 

tables of the BSID-II is 50. developmentd index scores below 50 were recorded as 49. 

The degree of neurodevelopmental disability was classified according to Interpretive 

Guidelines of the BSID (1994); scores > 85: normal. scores of 70 - 84: mildly delayed, 

and scores < 69: significantly delayed. 

The examiners were not unifomly blind to the child's HIV status because the 

assessments took place as part of the routine follow-up by the HIVIAIDS Programme. 

However. prior to the use of PCR. which started in1993, HN status was indeterminate in 

these children before 1 5- 1 8 months of age, providing a form of naturai blinding to the 

examiner during this time. 

Since the two groups differed in age, analysis of covariance was used to test for 

significant differences between the two groups. independent t-tests were used to test for 

significant daerences between children with and without evidence of CT scan 

abnormalities. 



Table 2 shows the number of children in each group classified according to their 

level of neurodevelopmental disability. 

Using a mode1 that conected for age and English as a second language, HN- 

infected infants obtained significantly lower scores than the uninfected infants on the 

Mental scaie of the Bayley, F(3,48)= 1 1.45, p< 0.00 1. On the Psychomotor scale of the 

Bayley, the HIV-infected infants also obtained significantly lower standard scores than 

the uninfected infants, F(2,44)=14.3 1, p<0.00 1 .  

Table 2. Neurodevrlopmental disability by HIV statu 

Infected Uninfected 

Mean (SD) 71.4 (21.4) 61.9 (15.4) 92.3 ( 18.9) 90.9 (24.7) 

95% Contidence Interval 63.4 - 80.4 55.3 - 68.6 84.5 - 99.9 80.1 - 98.1 

Level o f  Functioning 

Within normal limits 7 3 16 15 

Mildly delayed 7 5 7 4 

Significantly delayed 1 1 15 - 3 3 

1 .) MD1 - Mental Scale 
2.) PDI - Psychomotor Scale 

Of the 25 children with HIV infection, CT scan data were available for 19 

children. Table 3 shows the number of children with normal and abnormal CT scan 

results classified by their level of functioning on the Bayley Scales of Infitllt 

DeveIopment. Of the 9 children with abnomal scans, brain atrophy was observed in 4 



children, evidence of calcification in 7, ventncular enlargement in 4. and white matter 

low attenuation in 3. It shouid be noted that each scan could contain evidence of more 

than one specific abnormality. 

The diffierence betsveen MD1 scores for children with and without evidence of 

brain abnormality was not significant. t l6  = - 1.68, p = 0.12. However, chilâren with 

evidence of CT abnormalities performed significantiy wone on the PDI than did children 

with normal CT results, t i  j = -3 .O% p = 0.008. 

Table 1 shows the mean Domain Scores fiom the Vineland Adaptive Behavior 

Scales for the HN-positive and HN-negative infants. On al1 of the Domains of the 

Vineland Adaptive Behavior Scaies. the HIV-infected infants obtained significantly lower 

standard scores than the uninfected infants. 

Table 3. Neurodevelopmental huictioning on the BSID by CT statu in infants with HIV 
infection 

CT Abnormal CT Normal 

Mean (SD) 66.9 (23.0) 5S.0 (15.5) 85.2 (23.4) 78.1 (14.5) 

95 % Confidence Interval 50.0 - 86.1 50.0 - 71.0 68.5 - 1 O 1.9 66.9 - 89.3 
Level of Disability 

Within normal limits 1 

Mildly deIayed 3 



Table 4. Vineland Adaptive Behavior Scale Domain Scores by HIV status 

Infected (n =20) Uninfected (n=20) F P 
Mean 2 SD (95% C. 1.) Mean i SD (95% C I . )  

Domain 

Communication 85.4 19.6 (76-95) 96.5 c 16.2 (87- 104) 10.9 <O.OOi 
Daily Living 83.0 * 19.3 (73-91) 96.3 i 15.4 (89- 103) 27.8 ~0.00 t 
Socialization 86.6 * 20.1 (77-96) 98.7 I 12.9 (93-105) 17.5 <O.OOl 
Motor 76.5 = 2 1.1 (67-86) 97.7 = 9.6 (93- 102) 1 1 ~0.001 

Table 5 shows the mean Domain Scores from the Vineland Adaptive Behavior 

Scales for chiIdren with norrnai and abnormal CT scan results. CT abnormalities were 

associated with lower scores in al1 domains of adaptive behaviour, although the 

differences were significant only for the motor area. 

Table S. Vineland Adaptive Behavior Scde Domain Scores by CT status in infants with 
HIV infection 

AbnormaI CT (N = 7) Normal CT (N = 8) 

Mean (SD) Mean (SD) t P 

Communication 75.0 ( 17.0) 93.6 (21.3) -1.85 O .O9 
Daily Living 69.6 ( 17.5) 87.1 (14.8) -2. IO 0.06 
Sociaiization 76.0 (2 1.4) 94.3 ( 18.6) -1.77 0.10 
Motor 63.4 (2 1.5) 86.4 (19.7) -2.16 0.05 

Pearson correIation coefficients hdicated that that a Iower absolute CD4 count 

was associated with poorer performance of MDI, PD1 and al1 four domains of the 

Vineland Adaptive Behaviour Scales (in dl cases p < 0.05). 



Discussion 

On measures of mental, motor and adaptive functioning, the children who were 

bom to HIV-positive mothers but were not infected with the virus had mean scores that 

were considered indicative of normal performance. However, the children with HIV had 

mean scores that indicated a possible mild delay in performance on the MD1 and 

significantly delayed performance on the PD1 and measures of adaptive function. Further. 

among the children with HIV. those with observable CT brain abnormalities had mean 

scores that were indicative of significantly delayed performance on both scales of the 

Bayley whereas children without abnomalities had mean scores that indicate only mild 

delays. On measures of adaptive fmction. children with observable CT brain scan 

abnormalities showed a trend toward worse performance when compared with children 

with normal scans. A number of the children displayed evidence of basal ganglia 

calcifications, making our results consistent with previous findings that the presence of 

intracerebral calcifications are associated with greater delays in neurocognitive 

development (Brouwers et al.. 1995). 

Previous research on the neurodeveloprnent of HIV-infected children has been 

confounded by failing to control for nsk factors other than HIV that may affect 

developmenc especially prenatal substance exposure (Chase. et al, 1995; Nozyce, at al.. 

1995). Some of the -dies have included a cimg-exposed control group; however, the 

inclusion of a hg-exposed c o m p ~ s o n  group does not effectively allow for the 

independent identification of the effects of HIV compared to those of substance abuse. 



Early studies focused on clinically symptomatic children at different ages, infected by 

various routes of transmission. This study only included children who acquired HIV 

through vertical transmission with the vast majority being bom to mothea who did not 

abuse substances during pregnancy. Our results indicate that children infected with HIV 

experience significant delays in mental and rnotor development when compared to a 

group of uninfected children. This delay is reflective of the fact that children with HIV 

are delayed in reaching developmentai milestones. Further. such impairments are likely 

to become more severe as the children are expected to make more complex and 

integrative milestones. 

The Adaptive Behaviour Domain Scores that were obtained form the Vineland 

Adaptive Behaviour Scales indicate that children with HIV infection are performing 

below average with respect to adaptive behaviour. Their scores were si gni ficantl y 

different f i o n  children who were exposed to but not infected with the virus. This result 

is consistent with previous fmdings that suggest that al1 areas of adaptive functioning may 

be cornpromised in children with HIV-infection (Minden et al., 1992; Wolters et al., 

1994). The Wolters et al. study compared adaptive behaviour before and after the start of 

zidowdine therapy in a group of children with both transfusion and vertically acquired 

HIV infection. M e r  6 months of AZT therapy, d l  behavioural domains, except for 

motor skills, showed significant overall improvement. On an individual basis, 48% (12 

of 25) of the children exhibited clinically significant improvement, defined as 

improvement of 6 points or more. in their adaptive behaviour composite score after six 

months of AZT therapy. Despite the fact that the majority of children in the present snidy 

were on antiretroviral therapy, they remained delayed with respect to their adaptive 



behaviour skills. These impairments may be secondary to the cognitive and motor delays 

that these children experience, indicating the impact of such deficits on skills required in 

everyday living. 

We have included CT results in an attempt to conelate structural brain 

abnormalities with neuropsychological function in this cohort of children. Previous 

research on CT brain scan abnormalities and neuropsychological functioning has been 

conducted on mixed groups comprising children of ditrerent ages who acquired HIV both 

veaically and through exposure to contarninated blood or blood products without 

controlling for risk factors other than HIV. Previous research has s h o w  that the presence 

and degree of CT brain scan abnormalities correlate strongly with cognitive dysfunction 

in children with vertically acquired MIV infection (Brouwen et al.. 1995; King et al.. 

1997). In the present study, nine of the nineteen patients (47%) who had CT data 

available had some form of brain abnormalities. Further, the infected children who 

presented with brain abnormalities performed worse than infected children without 

observable brain abnormdities on rneasures of cognitive and motor development. 

although only the later reached statistical significance. Of the nine children with 

observable CT abnormalities. seven had recorded calcifications of the basal ganglia. 

These results are consistent with the Brouwers et al. (1995) finding that the presence of 

intracerebral calcifications was associated with significantly greater delays in 

neurocognitive development. Further. the presence of basal ganglia calcifications may be 

an indication that these children were infected in utero rather than during the intrapartum 

penod (Brouwen, et al., 1995; DeCarli, et al., 1993). The exact cause of the observed CT 

brain abnormaiities cannot be determined in this type of study. However, it seems 



reasonable, based on the literature on HIV and the central nervous system, to assume that 

HIV infection plays a significant role. although other confounding factors, such as 

materna1 dmg abuse and coinfections during pregnancy could also influence such 

abnormalities (Chasnoff et al., 1998; Koren et al., 1998). 

The diftierences in mental, rnotor. and behaviourai development between the 

infected and uninfected infants and the CT b r in  abnormalities reported in this study 

developed over the first 3 years of life. Since neural development is not complete at two 

years of age. M e r  developmental delays can be expected over time. in particular, 

myelination of the frontal and parietal regions continues throughout childhood. These 

regions are involved in such higher cortical iùnctions as language. sequencing and the 

integation of multiple stimuli. Therefore, disruption of this process early in childhood 

c m  predictably lead to specific delays in these areas later in life. Further. it has become 

apparent that subconical structures. traditionally associatrd with the regulation of rnotor 

control, are involved in higher-level cognitive processes (Aram & Eisele. 1992; Eisele & 

Ararn, 1995). It has been s h o w  that early lesions of subconical nuclei have persistent 

cognitive effects. and may result in less plasticity than cortical lesions (Aram & Eisele. 

1992). The range of developmental deficits associated with subcortical damage is not yet 

well defined, but language deficits have been reported (Aram. Rose, Rekate & Whitaker, 

1983; Belman, 1992). Since many of the more advanced developmentd skills do not 

develop until d e r  2 years of age, if these children survive, delays may be expected in 

areas such as visuai-motor processing, verbal memory, processing speed and sequentiai 

processing. 



While we were aware of the methodological baniers and issues associated with 

HIV research we still included a small group of children who were born to mothers who 

abused substances during pregnancy and came from families where English was the 

second language. Maternal substance use was an issue in our control group, with 7 of 25 

children being exposed to drugs in urero. However, the control goup  still did better with 

respect to their neuropsychological development than did the children with HIV. With 

respect to ESL, for children less than two years of age the BSID does not include a large 

verbal component; it is more of a problem solving and visual-spatial task that requires the 

child to copy visual examples provided by the examiner. After the age of 2. labeling 

tasks are included. however. the children were encouraged to respond in their native 

language and the parent or guardian translated their response. Further, both ESL and 

maternal drug use were controlled for in an analysis of covariance, but neither proved to 

be having a significant effect on the variance and were excluded From the analysis. 

Future studies should focus on longitudinal follow-up of infants infected with 

HIV in an effort to describe further developmental delays and to document the 

relationship between early brain pathology in childhood and later developmental and 

learning disabilities. Previous studies have documented that there is a good correlation 

between neuropsychological assessment and neuroimaging (Brouwen, et al., 1995; King 

et al., 1997). The use of neuropsychology complements the use of neuroimaging in HIV- 

related research through identifying the functional deficits associated with brain insult. It 

should be noted that while the monitoring of CT results is important, CT results are not a 

prognostic marker that can be used as an indicator of the onset of developmental 

abnormalities. As is seen in our results, the presence of CT scan abnormalities was 



associated with developmental impairment. however, there were children who had CT 

scan abnormaiities and were performing well with respect to their neurocognitive 

development. Lastly, there is a need for ongoing research into neuropsychological 

functioning in children with KIV infection because with advances in therapy and medical 

management the level of viral suppression achieved has improved. With much of the 

existhg literature being conducted before the introduction of highly active antiretrovirai 

therapy regimens. the need to study children on such therapies exists and should not be 

ignored. 



Earlv Cognitive Development in Preschool Children with Verticallv Transmitted 
HIV-Infection 

Introduction 

Currently. few studies on HIV infection have focused on children of preschool 

age, which we define here as being between the ages of 3 and 6 yean. There is a 

significant literature that focuses on infants (birth to 3 years) with HIV infection and 

recently there has been an interest on investigating the outcome in school-age children 

living with HIV infection. However. preschool children presrnt an important study group 

because their nervous systems are still not fully mature and therefore they are vulnerable 

to the effects of HIV infection. The study of children between 3 and 6 years of age rnay 

provide some interesting insights into how the disease affects young children. Previous 

research on the natural history of pediatric HIV has shown that rnortality is highest within 

the first two years of life. Children with HIV who survive beyond the few of years of life 

usually exhibit a slower progression of infection and better clinical coune than children 

with an early rapid disease progression. Thus. preschool age children may present a first 

glance at the effects of HIV on neurocognitive development in a group of children with 

slower disease progression. 

Our study is cross-sectional in nature and presents results on a group of preschool 

children followed by the Comprehensive H I V / A I D S  Program at the Hospital for Sick 

Children in Toronto. Some of the children whose infants assessments were used in our 

study on the effects of HIV on c h i l ~ n  between birth and 36 month of age (see previous 

chapter) also had assessments as preschoolen and their results are used in the present 

analysis. Not dl of the children previously reported in the infmt study are included here 



because they either died before 3 years of age, were lost to follow-up at the cllluc or had 

not yet reached preschool age. It is expected that as a group, preschool children will 

perform better than the infant cohon did on developmental testing. Fewer delays in 

overall general cognitive f i c t ion  are expected because it is anticipated that the children 

who experienced the most severe developmentd delays as infants will have died before 

rttaching three years of age. However. we forecast the presence of more subtle and 

selective neuropsychologicai impairments experienced in specific domains of 

developmental function. 

Previous research by Englund and colleagues (1 996) reported results on a large 

cohort of HIV-infected children. Their results represent the largest intensive study in 

ethnically diverse. therapy-naïve symptomatic HIV-infected children conducteci. Their 

objective was to provide clinical and laboratory characteristics and determine age-related 

distinctions for their cohon. They divided the children into four age categories with one 

consisting of children between the ages of 30 months and six years. This group consisted 

of 190 chiidren with perinataily acquired HIV-infection. In this group. cognitive function 

was assessed using the GeneraI Cognitive Index of the McCarthy Scales of Children's 

abilities. Results indicated that 2 1% of children who spoke English as their primary 

language and 44% of children who did not speak English as their first stanguage scored 

below 70 on this meastue (population mean standard score = 100). Further, they reponed 

that 14% of chifdren had abnormal behaviour and 11% had abnormal motor fimction. 

Their resuits also indicated that younger chilcireno specifically chiidren less than thirty- 

months of age, had significantly higher rates of growth, cognitive and developmental 

abnormalities before antiretrovirai therapy than did older chilken. 



Specific irnpairments in both expressive and receptive language hnction have 

been noted in tW-Uifected children (Coplan et al., 1998; Wolters et al., 1995; Wolten et 

al., 1997). In 1995, Wolters and colleagues indicated that expressive language was 

afTected more than receptive language in children with symptomatic disease. Consistent 

with the Wolters et al. (1995) result. in a longitudinal 24-month follow-up study of a 

cohort including both vertically and transfusion infected children, expressive language 

was consistently more impaired than receptive language (Wolters et al.. 1997). Both 

receptive and expressive language declined significantly over the follow-up period 

despite antiretroviral therapy, although cognitive functioning remained stable. The 

presence of a specific expressive language deficit suggested that some domains of 

development may be more vulnerable to the effects of HN and that global measures of 

cognitive function rnay mask deficits in a specific area of neuropsychologicai functioning. 

The purpose of this present study was to M e r  the results from previous research 

conducted with mised cohorts by investigating a group consisting of only children with 

vertically acquired HIV infection. Further, it will be the first to assess the development of 

a gmup of Canadian preschool children with vertically acquired HIV infection. The 

inclusion of CT results is an important part of this study. This study will be unique in 

that it will report on an extensive battery of tests that assess a broad range of 

neuropsychological function as well as reporting CT data on the majority of the children 

studied. For this group of children no control group was available. The children in the 

control group in study 1 had been discharged fiom the c h i c  pnor to 3 years of age and 

were not followed-up. At the t h e  the study was conducted there were not enough 

siblings of children with HIV, between the ages of 3 and 6, to form a control group. 



However, the lack of a control group was compensated for by comparing our results with 

the published noms of the psychological measures that were administered to the children. 

The noms of the psychological measures provided us a bais for comparing cognitive 

function of the HiV-infected children with a group of their same-aged peers in the general 

population. 

Methods 

Participants 

Seventeen HIV-infected children. dl of whom had been boni to HIV-positive 

mothers. were included in the study were recruited through the Comprehensive Care 

HIVIMDS Program at the Hospital for Sick Children. This study was approved by the 

Research Ethics Board at HSC. hfonned consent was obtained from tbe parents. The 

children ranged in age from 3.3 to 6.0 years of age. Al1 children had docurnented HIV- 

infection by positive plasma or ce11 culture or polyrnerase chah reaction assay (after the 

neonatal period) or positive HIV enzyme-linked immunosorbent assay (ELISA) and 

Western blot beyond 1 8 months of age. Al1 participants were followed at the HIV/AIDS 

Comprehensive Care Program at the Hospital for Sick Children in Toronto. Existing data 

were collected for ail children between the ages of 3 and 6 years of age who had 

undergone developmentai testing as part of their routine follow-up fiom 1989 through 

1999. Exclusion criteria included children with known pre-existing non-HIV-related 

conditions such as Down syndrome, congenital multiple handicaps, severe prernaturity, 



significant perinatal trauma associated with developrnental delays and severe 

intraventncular hemorrhage. Table 1 contains descriptive data for the sample. 

Since the beginning of the HN/.AIDS Program in October 1988, patients have 

been followed prospectively by two pediatric consultants. Al1 patients followed for more 

than 1 year had a cranial CT scan, with follow-up CT scans offered annually. All patients 

are offered psychological evduation. 

Table 1. Description of the sample of 17 HIV-positive preschool age children 

Gender 
Males 
Females 

Race 
Black 
White 
Oiher 

Socioeconomic Status 
$40,000 + 
$30-39.000 
$20-29.000 
$15-19.000 
less than $1 5,000 

Mother's Intravenous Drug Use 2 

English as a Second Language 

Any foster or kinship care 5 

Fifteen of the 17 children were on antiretroviral therapy at the time of assesment. 

At the t h e  of testing 3 c hildren were taking a combination of dmgs including two 



reverse transcriptase inhibitors and one protease inhibitor. Ten children were receiving a 

combination of drugs that included only nucleoside analogues. Two children were ody  

receiving AZT at the time of assessment. The average number of dmgs thar the children 

were taking at the time of assessment was 2 (range 0-4). Seven children were receiving 

regular uifusions of intravenous gamma globulin and 8 children were on PCP 

prophylaxis. 

Table 2 contains a number of medical variables which were recorded as an 

indicator of disease status. Viral load was not available for the majority of children at the 

time of testing. 

Table 2. Medicai variables for 17 preschool age children with vertically-acquired HIV- 
infection, 
Variable Mean k SD Re ference N 

Height (%de) 
Weight (%ile) 
WC ( I 0 9 / ~ )  
Hgb (a) 
MCH (gg) 
Pit (10 /L) 
Lymphocytes ( l 0 9 k )  
Po lyrnorphs ( 1 O'L) 
CD4 (AL) 
CD8 (kL) 

Five chiidren had total CD4 counts befow 500 at the time of assessment. 

According to the 1994 CDC Classification. the children were classified into three 

immunologie categories established to categorize children by the severity of 

irnmunosuppresion amibutable to HIV infection (CDC, 1994). Based on this system, six 



children showed no evidence of suppression, six showed evidence of moderate 

suppression and 5 showed evidence of severe suppression. 

Table 3 classifies the children into immunologic and clinical categories according 

to the CDC 1994 guidelines. Of the seventeen children, one was clinically asymptomatic 

at the t h e  of assessmenr. Twelve children had experienced only non-AIDS defining 

illnesses and 5 children had experienced both a non-AiDS and an ALDS defining illness. 

The types of medical conditions found in this sample were similar to those described in 

the l i t e r a ~  for children with H N  infection. The most fiequent medical problems were 

as follows: recurrent upper respiratory infections (jO%), persistent generalized 

lymphadenopathy (36%). candidiasis. recurrent oropharyngeal(29%) and lyrnphoid 

interstitial pneumonia (3 6%). 

Table 3. Classification of children into immunologic categories according to CDC 
( 1 994) guide lines 

None Mild/Moderate Severe 

ImrnunoIogic Categories 

No Evidence of Suppression I 5 O 
(CD4 1 1000) 
Evidence of Moderate Suppression I 3 2 
(CD4 500 - 999) 
Evidence of Severe Suppression O - 3 3 
(CD4 s 500) 

Psychological Evaluation 



Seven children underwent more than one neuropsychological assessrnent between 

the ages of 3 to 6 years. Data were obtained fiom the assessments that provided the 

longest outcome measure. Test administration required 4-6 hours to complete. h the 

rnajority of cases the assessments were completed in hvo teshng sessions conducted in 1 

day with a break for lunch between testing sessions. Participants were offered short 

breaks during the sessions to control for fatigue. Somc of the children did not complete 

ail the tests due to fatigue and time constraints. leading to a slight variation in sarnple size 

across analyses. The neuropsychological evaluation included the following tests grouped 

together according to functional area: 

General Intelligence rneasures: Intelligence measures were obtained using the Wechsler 

Preschool and Pnmary Scales of Intelligence - Revised ( WPPSI-R). (Wechsler. 1974). 

Full Scale, Verbal Scale and Performance Scale IQ scores were determined. 

Language: WPPSI-R Vocabulary, Comprehension and Similarities subtests; Peabody 

Picture Vocabulary Test (PPVT-R & PPVT-III) (Dunn & Dunn, 198 1): Expressive One 

Word Vocabulary Test (EO WVT), (Gardner. 1990). 

Memorv: WPPSI-R Sentences and information subtests; Bead Memory 

Visual-S~atial Processina and Reasoning: WPPSI-R Picture Completion, Block Design, 

Picture Completion and Object Assembly subtests. 

Visual-Motor S ~ e e d  and Coordination: WPPSI-R Animal Pegs and Geometric Design 

subtests and the Developmental Test of Visual-Motor Integration (Beery, t 989) 

Ada~tive Behaviour: Vineland Adaptive Behavior Scales (Sparrow, 1984) 

The Ievel of functioning on the IQ scaies was cIassified according tu the foilowing 

critena (Wechsler, 1974). The child was determined to be functioning at a superior level 



if the score was 123 or above; high average between 1 16- 124; within nomal limits if the 

score was 90-1 15; low-average between 80 and 89; borderline between 70-79; and 

deficient at 69 and below. On al1 other tests participants who showed resuits that deviated 

Eom published normal values by approximately 1 standard deviation or more in either 

direction were considered above average (+ I SD) or below average (- 1 SD) with respect 

to their level of functioning. 

CT Scan Evaluation 

StafTneuroradiologists. who were not blinded to the clinical status of the patients, 

rated the computed tomography (CT) scans for presence and degree of ventricular size, 

presence of basal ganglia and other calcifications. white matter attenuation and cerebrai 

atrophy. Al1 CT scans were performed on GE 9800 and GE Advantage CI scanners. AI1 

patients had unenhanced scans. In addition. enhanced scans were performed if the 

neuroradiologist considered that the unenhanced scan showed lesions for which 

enhancement might provide further information. 

Clinical Management 

The clinicd management of the patients was provided by two pediatric 

consultants. and the use of antiretroviral therapy was consistent with the 

recomrnendations of the Working Group on Antiretroviral Therapy and Medical 

Management of HIV-Infected Children. the National Pediatric and Family HIV Resource 

Center (1 993). The patients whose resuits were used in thÏs study received various 



antiretroviral dmgs and dmg combinations consistent with clinical practice at the time of 

testing. 

Data Analysis 

Given the sarnple size and the number of tasks. steps were taken in order to reduce 

the likelihood of committing a Type 1 error. In order to reduce the number of analyses 

conducted when cornparhg the children with evidence of brain abnomalities on CT scan 

to those without. composite variables were created (perceptual organization. verbal, 

language, attention. visuai spatial, memory, motor). Each composite score was 

comprised of the group of measures that would fail into that specific area of 

psychological hct ion.  as described above in the section on psychological evaiuation. Z- 

scores were caiculated for each variable using the data for al1 participants as a whole. For 

rach participant. the mean of the z-scores for each group of tasks was taken as the 

composite score. Preliminary group comparisons were conducted on the composite 

scores using independent t-tests. with a plan to undertake individual test comparisons 

only if the composite scores indicated gooup differences. 

Results 

Table 4 shows the mean test scores on al1 the tests. The majority of the cognitive 

scores fell within the Average range. The o d y  exception was fiom the measure of 

receptive vocabulary. on which the mean score was in the low average range. Adaptive 

behaviour skilis were within the bordedine to low average range. The mean scores for 



the 17 children with HIV were compared with the generai population mean standard 

scores on the psychological measures by using one-sample t-tests. 

For this group of children. the mean FSIQ was within the Average range and there 

was littie difference between the mean VIQ and PIQ, both of which fell within the 

Average range. One child has an FSIQ indicative of high average intelligence, ten of the 

children had a FSIQ in the Average range. two in the low average range, two were in the 

borderline range and two children were in the deficient range. 

The scores on the following tasks differed from the mean normative values: the 

Similarities (tI6=-L 18. p = 0.05) and Geometric Design subtasks (tI6=-2. 15. p = 0.05) of 

the WPPSI-R; the PPVT (ti2=-3.60. p = 0.004); and al1 four domains of the Vineland 

Adaptive Behavior Scale; Communication (t i2=-2.99, p = 0.01). Daily Living (t i2=J. 14. 

p = 0.00 1 ). Socialization ( t p - 3  64. p = 0.003). and Motor (ti2=-3. 14. p = 0.0 1). 

Language measures revealed a contrast between receptive and expressive 

vocabulary. Although the group mean score for expressive vocabulary was in the average 

range. receptive vocabulary fell more than one Full standard deviation below the mean. 

Forty-six percent (46%) of children showed borderline or deficient results on the Peabody 

Picture Vocabulary Test, a measure of receptive vocabulary. The mean score for the 

eenerd population on each of these tests is 100 (SD = 15). Mean standard scores for 
C 

receptive language were significantly lower than expected based on mean Full Scale IQ 

scores in these children. There was a specific weakness noted in receptive language, as 

the difference between FSIQ and PPVT standard scores was significant (F = 4.80; p = 

0.049). However, the children's scores on the EO WVT language meanire fell within a 

range that was consistent with their FSIQ (F = 0.63 1; p = 0.44). 



Table 4. Mean Scores (* SD) for Areas of Neuropsychological Functioning by Preschool 
Age Children with Vertically Transmitted HIV Infection 

N  mea an (SD) p-value 95 % C.I. 

General Intelligence 
' F ~ I  s c i e  !Q !? 03.6 (16.4) 0.13 55.2 - 192.1 
'verbal IQ 17 92.0 (1 6.9) 0.08 83.1 - 101.1 
1 Performance IQ 17 97.1 (18.1) 0.53 87.5 - 106.8 

Memory 
3 ~ e a d  Memory 10 45.2(8.5) 0.1 1 39.2 - 5 1.3 
2~formation' 17 8.6(3.1) 0.09 7.1 - 10.2 
'sentences' 16 8.2 (3.3) 0.0 1 * 6.8 - 9.6 

Visual Spatial Processing and Reasoning 
'~lock Design' 17 9.7 (3.2) 0.7 1 8.1 - 11.3 
'0bject ~ssembly' 17 10.4 (2.9) 0.62 
7 

8.9 - 11.9 
^Pichue ~ornpletion' 1 7 1 1.4 (3.6) 0.15 9.5 - 13.2 

Visual-Motor Speed and Coordination 
 nima mal Pegs' 
7 

16 10.0 (2.5) 0.92 8.8- 11.4 
-Geometric Design' 17 8.4 (3 .2)  0.05" 6.7 - 9.9 
'VMI 13 97.7(11.8) 0.5 1 90.6 - 104.9 

Adaptive Behaviour 
'communicationb 13 89.8 (1 2.3) 0.0 1 * 82.4 - 97.3 
 ail^ ~ i v i n ~ ~  13 76.5 (23 2) 0.00 1 * 74.7 - 92.2 
l~ociaIizationb 13 83.5 (14.4) 0.003' 62.5 - 90.6 
' ~ o t o r ~  10 81.0 (19.1) 0.0 1 * 67.3 - 94.7 

'Gataal population mcan standard score is 100 + 1 5 
'Gcneral population m m  standard score is 1 O k 3 
3Gcneral population mean standard score is 50 k 8. 
a Sub-tess of the WISC-III or R 

Domain scores h m  the Vincland Adaptivt Bchavior Sdcs.  
sipificant differcnce at the p = 0.05 Itvel. 



CT scans were available for 14 of the 17 chiIdren with W.  Table 5 shows the 

number of children with normal and abnormal CT scan results classified by their level of 

neurodevelopmental disability. For the chilken with CT scans, 42 percent (6) had 

abnormal scans: brain atrophy was observed in no children. calcification in 3, ventricuiar 

enlargement in 1 and white matter abnormalities in 3. It should be noted that each scan 

could contain evidence of more than one specific abnormality. 

On the general intelligence measures, children with evidence of CT abnormalities 

showed similar scores on the Verbal IQ and Performance IQ scales as did children with 

normal CT scans (t i2  = 0.35: p=0.74 and tiz = -0.33; p=0.75). A compatison of the 

composite scores by domain for children with visible CT scan abnormalities and children 

with normal scans revralrd no significant differences in any area of cognitive function. 

Al1 of the composite cornparisons in this thesis are reported in Appendix t 1. 

Table 5. Level of intelligence by CT status 

95% Confidence 
Interval 

Classification 
High Average 
Average Range 
Low Average 
Deficient 

CT Abnormal (n = 6) 
V I 0  P I 0  

CT Normal (n = 8) 
V I0  P I 0  

Pearson correlation coefficients showed that no association existed between lower 

absolute CD4 counts and poorer performance in any area of neuropsychological function. 



Discussion 

Our results indicate that preschool-age children with vertically transmitted HN 

infection show many areas of cognitive development within the normal range. A relative 

weakness was dociimented on a measure of receptive v c c ~ b d q .  This f id icg  is 

consistent with reports that children with HIV show language impairments. Longitudinal 

follow-up of these children will determine whether these results represent delays in the 

acquisition of language or long-terrn deficits in language hc t i on .  Mrasures of adaptive 

behaviour were also in the low average and bordrrline ranges and were significantly 

iower than the general population mean standard scores. However, arnong the children 

with HIV. those with observable CT brain abnormalities had mean scores that were 

similar to those children with normal brain scans. No sipnificant differences were noted 

in any area of cognitive Function between children with observable CT scan abnormaiities 

and those with normal scans. 

Our results support previous reports of language impaiments in children with 

HIV infection (Belman et ai. 1988; Condini et al. 1991 ; Coplan et al, 1998; Wolters et ai., 

1995; Wolters et al, 1997). Early reports were based primarily on generd observations of 

behaviour? tests of cognitive development or tests that assessed limited language skills. 

Many of the studies had smdl numbers? were composed of children with both vertical and 

transfusion acquired HIV infection? and rarely controlled for various medical and 

environmental factors that rnay affect the cognitive development of children and 

confound the effects of HIV infection on Ianguage hinctioning. This study only included 



children who acquired HIV through vertical transmission with the vast majority being 

bom to mothers who did not abuse substances during pregnancy. Our results indicate that 

children infected with HIV from birth experience significant delays in receptive language 

development when compared with overall general cognitive function. Analyses indicated 

that HIV infection was not associated with overall global developmental delays early in 

childhood. 

The results of this study contrat with previously reponed results that expressive 

language function is differentially affected in pediatric HIV infection and that expressive 

language is more impaired than receptive language function (Moss et al, 1996; Wolters et 

al. 1995: Wolters et al: 1997). In both of the Wolters' studies (1  995. 1997) the sample 

consisted of children with vertically and transfusion acquired HIV infection. Their results 

indicated that pedianic HIV disease is associated with differential receptive and 

expressive language functioning in which expressive language is significantly more 

impaired than receptive language. They compared the results in the infected group to a 

group of uninfected siblings and concluded that the observed language irnpainnents are 

associated with the direct effects of HN-related central nervous system disease. The 

language assessrnent included the Reynell Developrnental Language Scaies, which 

evaluates receptive and expressive language in children aged from 1 to 7 years. Further, 

they used Clinical Evaluation of Language Fundamentals Revised, a rneasure that 

evaluates language disorders in children aged 5- 16 years by assessing content (semantics), 

form (synta,~ and morphology), and memory through a comprehensive battery composed 

of 1 1 subtests. In our present study, we used the Peabody Picture Vocabulary Test and 

the Expressive One Word Vocabulary Test to assess receptive and expressive language 



respectively. The differences between o u  findings and those previously observed may 

result from the testing materials used. The PPVT is a receptive vocabulary test whereas 

the Reynell Developmental Language Scale is more of a receptive language or 

communication task. In addition, the noms for the respective tests were established at 

different times using different populations. 

Further, while the previous studies had established exclusion criteria, patients who 

were exposed to dmgs in uuro were not excluded and the rate of matemal dmg use 

during pregnancy was high in some cases. These previous researchers also did not 

indicate any information about patient demographics such as English as a second 

language or farnily income. 

Probably the largest difference between our study population and those studied by 

Wolten et al. is the number of children displaying evidence of HN-related 

encephalopathy (>50% of their sample). Using the classification of encephalopathy used 

by Wolters and colleagues ( 1997)' oniy 2 of the seventeen children who participated in 

our study would have been ciassified as having HIV-related encephalopathy (1 2%). This 

is much lower than the rate reported in both of the studies published by the Wolters 

group. Finally. our study lacked a control group and it is possible that if these children 

were compared with siblings or some other appropriate cornparison group, different 

conclusions might be drawn about the effect of HIV on receptive and expressive 

language. 

The study by Coplan et ai (1998) was a prospective evaluation of language 

development in infected and in exposed but uninfected infants and young children. Nine 

children were infected with HN and 69 were exposed to but uninfected by the virus. 



Using the Early Language Milestone Scale, 2" edition, which assesses auditory 

expressive, auditory receptive, visuai, and global language ability in children fiom birth 

to 36 rnonths of age, these investigators found that children with HIV-infection had mean 

global language scores that were lower han for uninfected participants. They noted that a 

high percentage of the HIV-positive children experienced some form of language 

deterioration. However. theu results are limited by a small sample size, lack of data on 

maternai h g  use and the number of children in foster or kinship care. They did not 

report on separate indices of receptive and expressive language, making it difficult to 

compare their results with our findings. 

Our results indicate that only bvo children (12%) had scores on general 

intelligence mesures that were consistent with a classification within the deficient range 

of functioning. This percenrage is lower than that provided by Englund and coworken 

(1  996). One clear difference between the two studies is the use of antiretroviral therapy. 

The results reported by Englund and colleagues reflect performance in a group of 

antiretroviral therapy-naïve patients. In our study. the vast majority of children were 

taking a combination of antiretroviral drugs at the time of assessment. Previous research 

has shown that the start of antiretroviral therapy is associated with significant 

improvernent in cognitive and adaptive behaviour. Wolters and colleagues (1 994) 

reported that al1 behavioural domains. except for motor skills, as assessed by the 

Vineland Adaptive Behavior Scales. showed overall significant improvement following 6 

rnonths of zidovudine (AZT) therapy. Further, the same group of invesiigaton reported 

significant improvement in neurodevelopmental and cognitive function of HIV-infected 

children d e r  the start of AZT therapy (1 990). A significant overall increase of 15.5 (SD 



= 3.3) IQ points fiom baseline was observed with mean scores improving fiom 78.2 to 

93.7 on the Wechsler Intelligence Scale for Children-Revised. Analysis indicated that 

significant gains were made in both VIQ and PIQ. These results would support the 

explanation that the differences observed between the Englund (1 996) study and our 

present report may be a result of differences relating to antiretroviral therapy. 

The Adaptive Behavior Domain Scores that were obtained from the Vineland 

Adaptive Behavior Scaies indicate that children with H N  infection are performing below 

average with respect to adaptive behaviour. The inclusion of adaptive behaviour in the 

test battery is important because it provides an indication of how the children are 

interacting within their home and community. Our result showing delays in behavioural 

functioning is consistent with previous findings that suggest that al1 areas of adaptive 

functioning may be compromised in children with HIV-infection (Wolters et ai. 1994). 

Their study compared adaptive behaviour before and after the start of M T  therapy in a 

group of children with both transfusion and vertically acquired HIV infection. 

These results suggest that adaptive behaviour may be compromised in children 

with KIV infection. Indeed, some of the direct effects of HIV infection may play a role in 

the poor performance. For example, some children with HIV will experience recunent 

diarrhea and therefore the child may not be toilet nained until later in life. Further, in 

children, growth delays are common and may also influence some age-appropriate 

behaviours. However. adaptive behaviour is influenced by many factors, and thus it is 

possible that some of the indirect effects of HIV are influencing the children's behaviour. 

For instance, the poor performance may reflect the parent@) not allowing the child to 

engage in a wide variety of activities due to overprotectiveness, or because of the 



parent(s)' own medical condition prevents oppomuùties for training their children in age- 

appropriate activities. In 1997, a Canadian study including many families from Toronto 

reported that 59% felt that HIV had not drarnatically changed how they parented although 

they descnbed their parenting as more "focussed" (Salter-Goldie, et al., 1997). Further 

studies are needed to explore the complex relationship between the direct and indirect 

effects of HIV infection on behaviour. 

The finding that both the Similarities and Geometric design subtasks of the 

WPPSI-R were significantly different from the mean normative values needs to be 

interpreted with caution. In both cases the mean group score of the HIV-positive children 

is still within the normal range. Further. if any significant impairment were present it 

could be expected that other tasks that tapped the same skills and were included in the 

individual composite scores would also show differences. Within the visual-motor speed 

and coordination composite, the geometric design task of the WPPSI-R was the only 

significant difference. The Similarities task of the WPPSI-R was included in the 

language composite and the only other significant difference was observed in the 

receptive language measure. 

From our patient population, six children who had psychological assessments as 

infants also had psychological assessment as preschoolers. The second chapter in this 

thesis reported resuits on 25 infants with vertically transmined HIV Uifection. Of those 

25, 10 have died as a resdt of AiDS related complications. 9 did not or have not yet had 

preschool evaluations and 6 had preschool evaluations. As infants, the children who have 

had an assessment between the ages of 3-5 years, were achieving significanùy higher 

scores on the Mentai and Psychomotor Performance Scaies of the BSID than did children 



who did not have assessments between the age of 3-5 years. The six children who had 

assessments as preschoolers had mean scores as infants of 89.8 (SD = 20.1) on the MD1 

and 82.3 (SD = 9.1) on the PDI. The seventeen preschoolers who did not have 

assessments after Uifancy had mean scores of 69.6 (SD = 23.2) on the MD1 and 60.2 (SD 

= 15.1) on the PDI. Further, the children who had assessments as preschoolers had better 

scores on al1 domains of the Vineland Adaptive Behavior Scales as infants compared with 

the infants who did not have assessments as preschoolers. While the results did not 

indicate that the difierences achieved statistical significance the results definitely reflect 

an important clinical difference. 

These differences between the children who had serid assessments as 

preschoolers and those who did not support previous results published by Englund et al 

(1996). They reported that young children. between birth and 30 months of age, had 

significantly higher rates of cognitive abnormalities than did older children. More 

precisely. their results indicates that children between birth and 30 months had higher 

rates of abnormal motor function and a greater percentage attained scores reflective of 

deficient global cognitive function than did children above 30 months of age. Our results 

confirm what has been previously descnbed in the literature related to the naturai history 

and clinical course of pediatric HN infection. Furthemore, our results show that the 

difference in function across the age groups also applies when children receive cimg 

therapies. Children who swive to the age of 3 years have an hproved prognosis and the 

majority of these children experience a slow disease progression with fewer neurologicai 

and cognitive impairments being observed than would be expenenced by a younger 

cohort of children (Blanche et ai,lWO; Scott et al, 1989). 



One of the interesting parts of our study is the inclusion of CT scan data. In our 

sample of children, 14 of 17 had available data at the time of assessment. Six of the 

children had observable abnormalities recorded by a neuroradiologist. Hawever, no 

significant differences in functioning were obsrrved between children who had abnormal 

CT scans and those who did not. The fact that no significant differences in performance 

were observed may be a result of a number of distinct factors. Firstly, the results may 

reflect early brain plasticity in children with CT scan abnormalities. Secondly. the 

measures we used may not have detected a difference that would have been obsrrved if a 

different battery were used. Finally. because these children are young they may indeed 

grow into more noticeable deficits later in life. Since many complex developmental 

milestones, such as reading and writing, are achieved after the ages of 3 to 6 years the 

absence of impairment early does not preclude the development of impairment later 

during the school-age years. The present results contrast with those reponed in our infant 

cohon fiom the sarne hospitai in which children with observable CT scan abnormalities 

performed significantly worse on bo t .  cognitive and motor function than did children 

with normal scans (see previous chapter). The discrepancy between the infant and 

preschool cohorts may be accounted for by the selection bias of children who survived to 

preschool age and more children in the preschool cohort were receiving combination 

antiretroviral therapy. 

This study has some limitations that need to be considered when interpreting our 

findings. One such limitation is the lack of a comparison group. At the time of data 

collection, there were not enough uninfected s ibhgs  between the ages of 3 and 6 to form 

a comparison gmup. Sibling controls are the best comparison group that can be recniited 



because siblings will share some of the unique environmental and familiai factors that are 

associated with HIV infection. Another limitation is the small sarnple size. It is clear that 

the standard deviations and confidence intervals are large, thus the results must be 

interpreted with caution. The cohort in this study is smaller than the previous chapter 

reported in this thesis because children in the infant cohort died, were lost to follow-up or 

had not reached preschool age yet. Finally. the children had assessments at different 

points in time and were exposed to different drug therapies in accordance with their 

medical needs and standards of clinical practice at the time of assessment. 

In sumrnary. the results indicate that preschool children with vertically transmitted 

H N  infection show many areas of cognitive development in the normal range. Thirteen 

of the 17 children had mean FSIQ's that were reflective of average performance. A 

relative weakness was documented on a measure of receptive vocabulary. This finding is 

consistent with reports that chi ldren show language impairment. Longitudinal follow-up 

of these children will determine whether the results represent delays in the acquisition of 

language or long-term deficits in language function. Future studies should focus on 

following this cohort prospectively over tirne. Prospective longitudinal follow-up of 

these children will provide an indication of whether the children are continuing to 

perform well with respect to their neuropsychological functioning or if they are 

experiencing greater deficits as they grow older. Finally, follow-up of the children 

receivhg combination drug therapies will provide an indication of the benefits and 

limitations of highly active antiretrovirai therapy on neuropsychological functioning in 

children. 



Cognitive Develo pment in School-Aee Children with Verticallv Transmitted H W  

Infection 

Introduction 

In the past five years, there has been a growing interest in investigating the long- 

terni effects of HIV infection on school children. School-age children represent an 

important group because, with improvements in antiretroviral therapy, children are living 

longer and healthier lives. It has been reported that 65% of vertically infected children are 

dive and well at 5 years of age (Scott et al., 1989; Blanche et al.. 1990). Also, studies 

have show that significantly more children under 3 years of age show evidence of central 

nervous system (CNS) disease as compared to children over the age of 6 p a r s  (Blanche 

et al., 1990; Englund et al.. 1996; Tardieu et al.. 1995). Our study is cross-sectional in 

design and presents results on a goup of school-age children followed by the 

Comprehensive HIVIAIDS Progmm at the Hospital for Sick Children in Toronto. Some 

of the children who had assessments used in our snidy of the effects of HIV on preschool 

c hildren (see previous chapter). also had assessments as school-age children which are 

used in this analysis. Not al1 of the children previously reported in the preschool study 

are included here because they were either lost to follow-up at the c h i c ,  had not yet 

reached school-age or have not yet had a school-age evaiuation. It is expected that as a 

group these children will perform generally well with respect to theù cognitive 

development. As was seen in the preschool children. we will expect to observe selective 

neuropsychological impairments in these children. Further, the school-age children rnay 

have deficits that are have developed with the attainment of more complex developrnental 

milestones. 



Prior to 1985, a significant number of children were infected through exposure to 

blood products received before donor-screening became widely available. hdividuals 

with hemophilia were at increased risk because they received pooled blood products 

(Levine, 1985). A number of studies have reported results on neuropsychological 

functioning in school-age children with hemophilia who are also infected with the H N  

virus. The studies have show no significant differences in neuropsychological 

functioning between children with hemophilia and HIV when compared with a control 

group of children with only hemophilia (Loveland et al., 1994; Sirois et al.. 1998; Smith 

et al.. 1997; Whirt et ai., 1993). However. children infected with HIV at a younger age 

expenenced more difficulty on verbal and perceptual tasks than children infected later in 

life (Sirois & Hill. 1993). However. in this specific study. the sample size was small. 

which limits the ability to generalize their findings. 

The results of a longitudinal study conducted with premature children infected 

through neonatal blood transfusion also reports the effects of early HIV infection on 

neuropsychological functioning. Cohen et al. (1 99 1) compared such children, v w n g  in 

age from 3 to 9 years. to a non-infected group with similar birth histories who had dso 

received blood transfusions. Their results showed slight but statisticaily significant 

differences between the goups on measures of motor speed, visual scanning, cognitive 

flexibility, reading and arithmetic. Funher? the differences seemed to be accenniated over 

time. It should be noted that children bom prematurely are at risk for developing 

cognitive deficits (Janowsky & Nass, 1987) and it is possible that this risk interacts with 

the mechanisms of HIV on the central nervous system to produce more significant 

irnpairments than wouid be observed in children born full-term. 



In 1995, Tardieu et al. reported on a group of 33 school-age children with 

vertically transmitted HIV infection. Of the 33 patients, 24 had neuropsychological, 

language and psychoaffective evaluations. Their results indicated that 67% of the 

children foilowed had normal academic abiiities and most scored within normal limits on 

tests that evaiuated general intelligence. language and motor function. Specific cognitive 

impairments were observed in individual children. Fifty-four percent of the patients had 

abnormal results on visual-spatial and time orientation tasks. A trend toward poorer 

academic achievement and poorer results on visual-spatial or temporal orientation tests 

was seen in children with lower percentages of circulating CD4 lymphocytes. When 

compared to the national average. the participants had more frequent difficulties or failed 

at school(33%) more often than would bc expected. 

A study published in 1998 by Frank. Foley, and Kuchuk. presented results on a 

group of 27 HIV-positive school-aged students who had been infected with the virus 

through vertical. transhision and sexual transmission. Al1 the children were on 

antiretroviral therapy at the time of assessment. Results indicated that as a group. 

Performance and Full Scale IQs. as assessed by the Wecshler Intelligence Scale for 

Children-Revised (WISC-R), were within the normal range and Verbal IQ was in the low 

average range. It was also noted that children with vertically acquired HIV-infection had 

significantly higher Full Scale IQs than did children infected by either blood transfusion 

or sexuai abuse. This resuit is surprishg because d l  19 mothen who transmitted the 

disease to their children at birth were using drugs at the tirne. Previous research has 

shown an association between developmental delay in childhood and matemal use of 



alcohol, cocaine or heroin d u ~ g  pregnancy (Singer et al., 1993; Wheeler, 1993). 

Further, d l  19 children were in foster homes at the time of the study. 

The results reported by Tardieu et al. ( 1995) and Frank et al. (1 998) conmted 

with an earlier study that documented higher levels of neurodevelopmental drlay among 

school children with verticdly transmitted HIV disease (Papola et al., 1994). In a sarnple 

of 90 school-age children with presumed perinatally acquired HIV infection, it was 

shown that 56% of al1 children were functioning at a borderline or lower range of 

intelligence. Furthemore, over half of the children (63%) were referred for placement in 

speciai education. These resuits need to be interpreted with caution because this study 

and other research (Frank et ai.. 1998) has failed to control for risk factors other than H N  

that may affect development. 

Previous researc h has docurnented specific areas of neuropsychological 

functioning that may be differentially affected by pediatric HIV disease. As reviewed in 

the previous chapter on preschoolers. Wolters et al. ( 1997) examined language 

functioning of chilâren (mean age 8.5 years) with symptomatic HIV. The group consisted 

of both children with vertically transmitted and transfusion-acquired HIV (1 1 and 6 

children respectively). Their results indicated that expressive language was consistently 

more impaired than receptive language over 24 months. Moreover, while general 

cognitive function remained stable both receptive and expressive language declined 

significantly over 24 months despite the use of antiretroviral therapy. Thus, the authon 

concluded that some domains of neuropsychological functioning may be more vulnerable 

to the effects of pediatnc HIV infection and that these domains might be masked by 

global mesures of cognitive function. 



Since neuropsychology identifies the fùnctional consequences of CNS 

abnormalities it is important to undentand the brain insults associated with pediatric HIV 

idection. A varîety of CNS abnormalities have been associated with HIV-infection 

including: cortical atrophy. calcification of the basal ganglia and frontal white matter. 

ventricular enlargement and white matter low attenuation (Brouwers et ai., 1995; DeCarli 

et al., 1993; King et al., 1997). The most important finding fiom a development 

perspective is that of myelinopathy. During irifancy the brain is still undergoing a period 

of rapid myelination. which coincides with the attainment of signifiant motor, cognitive 

and behavioural milestones. Any disruption in this process c m  be expected to produce 

developrnental delays that rnay become more significant over time. However, in children 

who have experîenced a slow disease progression. as have school-age children with HIV 

idection. disniptions may be more subtle. allowing children to attain normal age- 

appropriate developmental milestones. Subsequently, older children living with vertically 

acquired HIV infection can be expected to perfom within the average range in some 

areas of neuropsychological funtion with subtle individual deficiencies noted. 

In summary, since not much comprehensive research has been conducted on 

neuropsychology in school-age children with vertically transmitted HIV, we chose to 

measure a broad range of cognitive skills with a comprehensive battery of tests selected 

for their utility with school-age children. Previous research on schooi-aged children with 

hemophilia and HN infection has consistentiy shown no evidence of neurodevelopmental 

disability. However. the previous research on children with vertically transmitted 

infection has reported contradictory hdings. One European study (Tardieu et ai., 1995) 

reported that 67% of their sample showed normal academic abilities, whereas one large 



Amencan study (Papola et ai., 1994) reported that 67% of children were referred for 

placement in speciai education classes. The purpose of this present study was to compare 

cognitive, language and motor functioning in a sample of children and adolescents with 

vertically transmitted HIV infection with a control group of school-age siblings who are 

not infected with the virus. This study is unique in that it will document a description of 

cognitive and motor development in a group of Canadian school children with vertically 

transmitted KIV/AIDS. Further, the inclusion of a control group is an important strength 

of our snidy and has not been included in the previous literature. Another difference 

between our cohort and previous research is our group has lower rates of matemal 

substance exposure, English as a second language (ESL) and rate of matemal separation 

than has been reported previously in studies on school-age children with HIV infection. 

This study also examines CT brain scans to determine whether the structural brain 

changes observed in school age children with HIV-infection are associated with 

fùnctional deficits. 

Methods 

Participants 

nie participants for this study were 14 children with vertically transmitted HIV 

infection ranging in age fiom 6.3 to 14.2 years and 1 1 control participants (4 siblings of 

children with vertically transrnitted HIV, 7 siblings of a children with transfusion- 

acquired HIV) who ranged in age fiom 6.9 to 14.9 years. Ail participants were recruited 

through the Comprehensive HIV/AIDS Program at the Hospital for Sick Children. This 



study was approved by die Research Ethics Board at HSC. Mormed consent was 

obtained, with participants aged 16 years and older providing their own consent. Al1 of 

the HIV-positive children had docurnented HIV-infection by positive plasma or ce11 

culture or polyrnerase chah reaction assay (after the neonatal period) or positive HIV 

enzyme-linked immunosorbent assay (ELISA) and Western blot beyond 18 rnonths of 

age. Al1 of the children with HIV were followed at the HIV/AIDS Comprehensive Care 

Program at the Hospital for Sick Children in Toronto. Existing data were collected for al1 

school-aged patients who had undergone developmental testing as part of their routine 

follow-up fiom 1989 through 1999. Since the begiming of the Comprehensive Care 

HWAIDS Program in October 1988, al1 patients followed for more than 1 year had a 

cranid CT scan, with follow-up CT scans offered annually. Al1 patients are offered 

neuropsychological evaluation. Children were considrred school age if they were over 

six years of age. The control group consisted of children who were siblings of children 

with H N  infection. Three were siblings of children with vertically transmitted HIV 

infection and 7 were siblings of children who acquired HIV through transfusion of blood 

or blood products. Exclusion critena for both groups included children with known pre- 

existing non-HIV-related conditions such as Down syndrome, congenital multiple 

handicaps? severe prematurity, significant perinatal trauma associated with developrnentai 

delays and severe intraventricular hemorrhage. Table 1 contains descriptive data for the 

two groups. Age was compared using an independent t-test. all the 2 x 2 tables using 

Fischer's exact test and al1 the rest a chi-square. 

Twelve of the children were on antiretroviral therapy at the time of assesment. 

Four children were taking a combination of drugs including a reverse transcriptase 



inhibitor and one protease inhibitor. Eight children were receiving a combination of 

dmgs that included only nucleoside analogues. The average nurnber of h g s  that the 

children were taking at the tirne of assessrnent was 2 (range 0-4). Four children were 

receiving regular infusions of intravenous gamma globulin and 6 children were on PCP 

prophylâuis. Table 2 contains a number of medical variables that were recorded as part 

of the children's routine follow-up at the clinic. Virai load were not available for the 

majority of children at the time of testing. 

Table 1. Description of the sarnple of 11 HIV-positive school age children 

Age * SD (years) 
Range 

Gender 
Males 
Fernales 

Race 
Black 
White 
Other 

Socioeconomic Statu 
(Family income) 

$40,000 + 
$30-39,000 
$20-29.000 
$15-1 9,000 
Unknown 

Mothes Intravenous Drug Use 
English as a Second Language 
Any foster or kinship care 

HIV-positive HIV-negative P- value 



Table 2. Medical variables for 14 children with vertically-acquired HIV-infection. 

Mean -t SD Reference N 

Height (04i!e) 30.4 f 372 ir cn U 14 
Weight (%ile) 39.4 * 26.5 50 14 
WBC (10'5) 5.1 * 2.4 4.0- 10.0 12 
Hgb ( g u  114.5 * 11.3 120-160 12 
MCH @g) 29.3 k 4.6 24-3 1 12 
~ l t  ( 1 09k )  263.0 2 94.9 150-400 12 
Lymphocytes ( 1 O~IL)  3.0 * 1.4 1.5-7.0 12 
Polymorphs ( 1 0%) 2.0 * 0.9 1.5-8.0 12 
CD4 (AL) 5 19.7 c 388.4 500-1 O00 12 
CD8 (hL)  1200.9 F 130 1.9 500- 1 O00 12 

Seven of the children had CD4 counts above 500 at the time of assessment. 

Of the fourteen children. 3 had never had clinicai symptoms associated with their HIV 

infection. Eight children had experienced only non-AIDS defining illnesses and 4 

children had experienced both a non-ADS and an AIDS defining illness. Table 3 

classifies the children into imunologic and clinical categories according to the CDC 

1994 guidelines. The types of medicd conditions found in this sarnple were similar to 

those described in the literature for children with HIV infection. The most fiequent 

medicai problems were as follows: recurrent upper respiratory infections @O%), 

generalized lymphadenopathy (3 6%), lymphoid interstitial pneumonia (3 6%) and 

recurrent orop haryngeal candidiasis (29%). 



Table 3. Classification of children accordina to CDC 1994 guidelines 

Clinical Syrnptoms 

Ws or Sym~toms Noue MiidModerate Severe 

Imunologic Categories 

Evidence of Moderate Suppression O (NZ) 4 (AYB2) O (C2)  
(CD4 200 - 499) 

Evidence of Severe Suppression O (N3) O ( A 3 B 3 )  3 (C3) 
(CD4 5 300) 

Procedures 

For the purposes of this study, data were obtained from the assessments that 

provided the longest outcome rneasure for each child. Seven children had more than one 

school age assessment. in which case their most recent scores were used. Participants 

were administered an extensive batte. of tests as part of a comprehensive assessrnent of 

the child's developrnent. Test administration required 4-6 hours to complete. In the 

majoriry of cases, the assessments were cornpleted in two testing sessions conducted in 1 

day with a break for lunch between testing sessions. Participants were offered short 

breaks during the sessions to control for fatigue. Some children did not complete ail of 

the tests because of fatigue or time constraints. leading to a slight variation in sarnple size 

across analyses. 

The neuropsychological evaluation included the following tests classified according to 

hctional area: 



General Intelli~ence measures: Intelligence measures were obtained using the Wechsler 

Intelligence Scale for Children (WISC) - Revised or III (Wechsler, 1974). Full scale, 

Verbal and Performance IQ scores were deterrnined. 

Laneuaee: WISC Vocabulary, Comprehension and Similarities subtests; Word Fluency 

(F-A-S and Categones; Gaddes & Crockett, 1975); Test of Reception of Grammar 

(Bishop, 1982); Expressive One Word Picme Vocabulary Test (Gardner, 1979). 

Academic measures: Wide Range Achievernent Test. Revised or 3rd Edition (WRATJ; 

Wilkinson, 1993). 

Memorv: WISC Digit Span and Monnation subtests: Story Recall (Denman, 1984); Rey- 

Osterreith Complex Figure (Osterreith. 1 9 4 :  Rey. 1942). 

Attention: WISC Arithrnetic and Digit Span subtest. 

Visual-Spatial Processing and Reasoninq: WISC Picture Arrangment, Block Design, 

Pictue Completion and Object Assembly subtests. 

Visual-motor speed and coordination: W S C  Coding subtest and the Developmental Test 

of Visual-Motor htegration (Beery. 1989) 

Motor: Finger Tapping (Reitan. 1969), Grooved Pegboard (Reitan, l969), Hand 

Dynamometer (Reitan, & Davison. 1974). 

The degree of neurodevelopmental disability on the IQ scales was classified 

according to the foilowing critena (Wechsler, 1974). The children were determined to be 

functioning at a superior level if their score was 125 or above; high average between 1 16- 

124; average if their score was 90-1 15; low average between 80 and 89; borderline 

between 70-79; and deficient at 69 and below. On al1 other tests participants who showed 

results that deviated fiom published nomai values by approximately 1 standard deviation 



or more in either direction were considered above average (+1 SD) or below average (-1 

SD) with respect to their level of functioning. 

CT Scan Evaluation 

Staff neuroradiologists, who were not blinded to the clinical status of the patients. 

rated the cornputed tomography (CT) scans for presence and degree of ventricular size, 

presence of basal ganglia and other calcifications, white matter attenuation and cerebral 

atrophy. Ail CT scans were perfotmed on GE 9800 and GE Advantage CT scanners. All 

patients had unenhanced scans. In addition. enhanced scans were perforrned if the 

neuroradiologist considered that the unenhanced scan showed lesions for which 

enhancement rnight provide further information. 

Clinical management has been provided to the patients by the same two pediatric 

consultants since 1988. and the use of antiretroviral therapy is consistent with curent 

standards of care (Working Group on Antiretroviral Therapy, National Pediatric Resource 

Center. 1998). The patients whose results were used in this study received various 

antiretrovirai dmgs and h g  combinations consistent with clinical practice at the tirne of 

testing. 



Data Analysis 

Given the sample size and the number of tasks, steps were taken in order to reduce 

the likelihood of comrnitfing a Type I error. In order to reduce the number of analyses 

conducted when comparing the children with HiV and the connols and when comparing 

the children with evidence of CT brain abnormalities with children who had normal brain 

scans, composite variables were created (visual spatiaüperceptual organization, verbal, 

academic. motor, memory, and attention). Each composite was compnsed of the 

measures that would fa11 into the area of psychological function. 2-scores were calculated 

for each variable using the data for al1 participants as a whole. For each participant, the 

mean of the z-scores for each group of tasks was taken as the composite score. 

Preliminary group comparisons were conducted on the composite scores. Subsequent 

analyses of each dependent variable individually were conducted. using standard scores. 

for more exploratory purposes only. and therefore should be viewed cautiously. 

Independent t-tests were used to draw comparisons between the children displaying 

abnormal CT scans with children with normal resdts on the composite measures 

described above and measures of generai intelligence. 

Results 

Results reveaied that no significant differences between children with verticaily 

transmitted HIV and the control group on IQ measures. Both groups had mean 

intelligence scores in the average range (see Table 4). Seven of the children with HIV 



infection had a FSIQ in the Average range, 6 in the low average range and 1 in the 

deficient range. The one child who showed senous impairments was diagnosed Iater in 

life and had not received antiretroviral therapy until an advanced stage of the disease 

process. in the sibling control group, 3 children had hi& average intelligence, 6 were in 

the average range and 7 were in the borderline range. 

Mean test scores in al1 functional areas. except academic achievement, as 

indicated by standard scores on the WRAT, did not differ significantly fiom average 

relative to published noms in both groups (Table 4). The mean score for the general 

population on the reading, spelling and math subtests of the WRAT is 100 (SD = 15). 

Mean academic scores for both groups fell within the low average range. In our sample. 

five children with HIV (36%) and 5 control children (50%) experiencrd specific 

dificulties in reading, spelling or math as detined by achieving standard scores that were 

considered to be an indication of borderline or deficient achievement. 

Using composite scores to compare performance of children with HIV with the 

sibling control group indicated that there were no significant differences between the two 

groups in any area of neuropsychologicai fiction. The only difference that approached 

significance was on the rnotor composite score (ti = -1.95; p = 0.07). Subsequent 

analysis revealed that a significant difference existed between the groups on the Hand 

Dynamometer which provides a measure of gross motor strength (tis = -3.1 ; p = 0.007) 

and fmger tapping with the dominant hand which provides a measure of fine motor ski11 

and speed (ti = -2.2; p = 0.04). 



Table 4. Mean Scores for Areas of Neuropsychological Functioning by School Age Children 
with Vertically Transmitted HIV Infection and the Control Group 

HIV Positive N Control N D 

GeneraI Intelligence 
' ~ u l l  Scale IQ 
'verbal [Q 
'~erfomance IQ 

Academic Achievement 
' ~eading  
'spelling 
'~iitu!Üictic 

Language 
'~ocabulary' 
'~orn~rehension" 
'~irnilarities" 
1 Expressive One Word 
'TROG 
Word Fluency 

~ F A S  
' ~ n  irnaPFoodb 

Memory 
' ~ i ~ i t  Spana 
'Informationa 
Story Recall 

; Imrnediate recall 
'~elayed recall 

Rey Figure 
'Imrnediate recall 
' ~ e l a ~ e d  recall 

Attentionc 
' ~ i ~ i t  Span 
 r ri th me tic 

Visual Spatial Processing 
'~icnire Arrangement" 
' ~ l o c k  Designa 
'0bject Assembly' 
'~icture Completiona 

Visual Motor Speed and Coordination 

krooved Peg-D 
3 Grooved Peg-N 
' ~ i n ~ e r  Tapping-D 
' ~ i n ~ e r  Tapping-N 
 and Dynamometer-D 
3 ~ a n d  DMiamometer-N 0.9 (1.0) * 

'~eneral population mean standard score is 100 k 15. 
'~enrral population mean standard score is 10 $: 3 
'scores represent z-scores. General population mean is O t 1 
" Sub-tests of the WISC-UI or R 
2-score represents the suin of words produced in the ategories of animals and foods. 

On the Fie Motor tasks, D refers to the dominant hand and N to the non-dominant hand 
p significant at the p = 0.05 leveI. 



The one child who showed serious impairments was diagnosed later and had not 

received antiretroviral therapy until an advanced stage of disease. As a result this child's 

results were considerably woee than the rest of the group. Therefore, analyses were 

conducted again, excluding this child, to examine whether some of the difference was 

arising because of this one set of results. He was not administered ail the tests, and thus 

die resuits presented in Table 5 represent a subset of the entire battery. As expected, the 

results show that differences between the HN-positive and control groups are 

diminished. 

Table 5. Mcan scores for areas of neuropsychological functioning excluding the one child with 
simificant HLV-related irn~airment. 

General Intelligence 
'FUI] Scale lQ 
'verbal IQ 
'~erformance IQ 

Academic Achievement 
' ~ e a d i n ~  
' ~ p e l l i n ~  
 r ri th me tic 

Language 
'~ocabular~' 
'~orn~rehension' 
'simi larities" 
'TROG 

Memory 
' ~ i ~ i t  Spana 
'[nfonation' 

AttentionC 
' ~ i ~ i t  Span 
 r ri th me tic 

VisuaI Spatial Processing 
'picme Arrangement' 
'~ lock Designa 
'0bject Assemblya 
'~icnire Completiona 

Visual Motor Speed and Coordination 
'codinga 

'Gcncd population mean standard score is 1 O0 I 15. 'Sub-tests of the WISC-III or R 
'~entrnt population mean standard score is 10 +_ 3 
3~corcs rcpresent z-scons. Gencrril popuIaîion rnean is O 1 



CT scans were available for ail 14 children with HIV. Fi@ percent (7) of the 

children had abnormal scans: brain atrophy was observed in 1, calcification in 1, 

ventricular enlargement in 4 and white matter abnormalities in 5 .  It should be noted that 

each scan could contain evidence of more than one specific abnormality. On the general 

intelligence measures? children with evidence of CT abnomalities showed similar 

performance on the Verbal IQ scale as did children with normal CT scans (ti2 = -0.73: p 

= 0.48). but the difference for the Performance IQ scale approached significance (tir = - 

1.7; p=O. 1 1). 

Using composite scores to compare performance of children with CT 

abnorrnalities with those with normal scans indicated that there were no significant 

differences between the nvo groups. The only differences that approached significance 

were on the visual spatial and perceptual organization composite score (ti2 = -2.0; p = 

0.07). Subsequent analysis revealed that the difference benveen the grooupps approached 

significance in their performance on the Picture Arrangement and Block Design subtests 

of the WSC (tiz = -1.92; p = 0.08 and t i 2  = -1.98; p = 0.07 respectively). Again, 

excluding the one child who displayed deficient performance on intelligence measures 

reveaied that the difference on visual spatial tasks became less pronounced (tl 1 = -1.7; p 

= 0.1 1). Table 6 shows the mean standard scores the children with and without evidence 

of CT brain abnormalities on VIQ, PIQ. visual spatial/perceptual organization composite 

score, picture arrangement fiom the WISC and block design fiom the WISC. 



Table 6. Neuropsychological function on specific areas according to CT statu. 

CT Abnormal CT Abnormal* CT Normal 
(n = 7) (N = 6 )  (n = 7) 

VIQ (Mean I SD) 88.1 (19.6) 94.5 ( 1  1.1) 93.9 (7.0) 
PIQ 86.7 (18.9) 93.2 (9.0) 102.1 (14.7) 
Visual Spatial Composite 7 -21 (3 .O) 8-4 ( 1.8) 10.2 (2.1) 

Picture Arrangement 7.0 (2.9) 8.0 (1.3) 9.8 (2.7) 
Block Design 7.2 (3.5) 8.1 (3.9) 10.7 (2.9) 

* excludes the one child diagnosed with late in life 

Pearson correlation coefficients showed that no significant association existed 

between lower absolute CD4 counts and poorer performance in any area of 

neuropsychological function. However. the correlation between fine motor skills and 

absolute CD4 count did approach significance (p = 0.05 1). 

Discussion 

Previous research on the neurodevelopment of H N -infected school age children 

has focussed much of its attention on children who have hemophilia and KIV infection 

(Loveland et al., 1994; Sirois et ai., 1998; Smith et al., 1997; Whia et al., 1993). Despite 

small sample sizes. studies have consistently reported no overall impairment in children 

with hemophilia and HIV infection (Loveland et al.. 1994; Sirois et al.. 1998; Smith et al.. 

1997; Whin et al.. 1993). It has also been reported that HIV-positive children with 

hemophilia and HIV, children with only hemophilia, and their healthy siblings are similar 

in performance on a wide variety of cognitive, neuropsychological and acadernic 

measures (Smith et al., 1997). 



Our study included only children who acquired HIV through vertical transmission, 

with the vast majority (80%) being bom to mothes who did not abuse substances during 

pregnancy. Our results indicate that school-age children with vertically transmitted HIV 

infection generally do well with respect to their neuropsychological development. The 

results are consistent with previous results reported by Englund et al. (1996) on a large 

cohort of antiretroviral therapy-naïve, symptomatic, HIV-infected children. Their results 

indicated that younger children had significantly higher rates of developmental 

abnormalities before antiretroviral therapy than did older children. especially with regards 

to neurologie and cognitive hmction. 

Analyses indicated that there were no significant differences between school age 

children with vertically transmitted HIV and the sibling control group on measures of 

academic achievement. Both groups had mean scores on reading, spelling and math that 

were reflective of low-average performance. Five children with HIV (36%) and 5 of the 

control children (50%) experîenced specific difficulties in reading. spelling or math. In 

the general population we would expect that 16% of children would perform in the 

borderline and deficient ranges on measures of reading, spelling and math as assessed by 

the WRAT. Poorer academic achievement was not a reflection of poor overall general 

performance in these children because no corresponding deficiencies Ui langage, 

memoly. or visuai spatial/perceptual organization abilities were observed. It is not 

possible to determine whether their academic dificulties reflect specific cognitive 

impairments or whether they are secondary to other factors. There is a broad array of 

stressful psychosocid conditions that may influence academic performance in both the 

HIV-positive and control groups that include povew, hquen t  absences fiom school for 



medical reasons, familidgenetic factors and cultural factors. Some of the conditions that 

are unique to HIV disease are: the mdtigenerational impact of this infection and the 

social stigma associated with HIV/AIDS (Lewis et al., 1994; Saiter-Goldie et al., 1997). 

Despite normal cognitive development, subtle motor impairments were 

documented in children with HIV infection. This finding is consistent with reports that 

motor function is compromised early in development in infants with HIV (see chapter 2 

of this thesis). Motor irnpairments have been reported previously in school children with 

HIV infection. Frank et al (1998) reported that visual motor integration, as measured by 

the Developmental Test of Visual-Motor Integration, was in the Iow average range. Our 

results are the first report of fine motor and motor strength deficits in school-age children 

with HIV. While both groups tell tvithin the average range the children with HIV 

achieved lower scores on measures of fine motor skill and motor strength. While fine 

motor deficits have not been reported in school-age children before, fine motor deficits 

have been observed in adults with improvements seen with HAART (Sacktor et ai.. 2000: 

Toui  et al., 1999). In addition to these motor skills. impairments have been described in 

psychomotor skills in adult populations (Heaton et al., 1995; Rourke et al., 1999: White 

et al., 1995). 

The inclusion of CT results complements the collection of data fiom the 

neuropsychological evaluations of the participants in our study. Previous research on CT 

brain scan abnormalities and neuropsychological functioning has been conducted on 

symptomatic children of different ages who acquired HIV both vertically and through 

exposure to contaminated blood or blood products without controlling for risk factors 

other than HIV. In this study, ail 14 patients had CT data available. The children who 



had CT brain abnormalities, showed a trend toward wose performance on mesures that 

involved perceptud organization/visual spatial skills than infected children without 

observable brain abnormalities. The exact cause of the observed CT brain abnormalities 

can not be determined in this type of study. However, it seems reasonable, based on the 

literature on HIV and the central nervous system, to assume that HIV Uifection plays a 

significant role' dthough other confounding factors, such as maternai drug abuse and CO- 

infections during pregnancy codd also influence such abnormaiities. 

White matter abnormalities were observed in one-third of the children. There are 

three types of white matter connections (projection. association and cornmisural) in the 

central nervous systern that develop at different rates and at different times during the 

developmental process. Complete myelination is achieved fint in the projection fibers. 

For association fibers, myelination \vil1 begin later progressing from the region around the 

centrai sulcus towards the poles of the parietal. occipital. temporal and frontal lobes. In a 

similar fashion, the cornmisural fibers are rnyelinated at a later period (Dietrich et al.. 

1988). Thus. the time at which infection occurs would be important. because. under the 

assumption that connections are most vulnerable when they are being forrned, infection 

early in the developmental process would be damaging to myelination, which is of criticai 

developmentd importance. Since children with vertically transmitted HIV are infected in 

utero, during biah or through breastfeeding it wodd be expected that any disruption in 

the myelination of important brain structures wodd produce observable deficits. 

Since HIV probably infects the brain shortiy after Section, it would be expected 

that early interference with myelination would affect al1 three types of white matter 

connections producing giobal deficits in fûnctioning. Overail global deficits are 



consistently observed in infants (see chapter 2 in this thesis). However, in older children 

who display seerningly normal performance, interference may occur in more subtle ways 

thus affecting specific connections producing more defined deficits. School agc children 

rnay represent a group with slower disease progression that is characterized by lower viral 

load and better immune status early in Me, which may be responsible for the results 

O bserved. 

A parallel can be drawn with children with hydrocephalus because visual motor 

weakness has been reported. Hydrocephalus can affect white matter tracts. particularly 

the corpus callosum and projection fibers near the midline. which connect the 

hemispheres to the diencephalon and more caudal regions of the brain (Fletcher, et al.. 

1992). Several studies have s h o w  that children with hydrocephalus have significantly 

better verbal abilities than visual-spatial abilities (Fletcher. et al.. 1992: Thompson. et al. 

1999). in a study of school-age children with achondroplasia (ACH). a common dwarfing 

condition associated with central nervous system anomalies including hydrocephalus. 

results revealed as a group. intelligence was in the average range (Thompson. et ai.. 

1 999). However. some c hildren with ACH obtained scores well below normal, as 

evidenced by the large standard deviations on several tasks. These included the group 

average scores in spelling, writing, arithmetic and visuai-spatial perception. We observed 

similar results in our group on measures of acadernic achievement and visuai-spatial 

abilities. Further. the group of children who had observable abnormalities on CT scored 

significantly worse on measures of visual-spatial and perceptuai organization abilities 

than did those children with normal scans, 



Ovemll, our results were consistent with those presented by Tardieu et al (1 995). 

Two-thirds of the children in their study were showing normal academic performance at a 

mean age of 9.12 (SD = 2.13). Further, our results indicated that children with CT 

abnormalities performed wose on visual spatial tasks than did children with nomal CT 

results. Tardieu et al ( 1995) reported that children with vertically transmitted HIV 

infection experienced greater visual spatial impairment than the population used for 

standardization of tests. These consistent results may refiect the fact that the two samples 

were similar in their degree of matemal separation (26% and 27%) and the number of 

mothers from Afnca and the West indies. Also, the nwnber of mothers reporting the 

mode of infection as heterosexual contact in an endemic area was 5 1% in the Tardieu 

study which is consistent with our sample in which the percentage of women whose risk 

factor for acquiring HIV was heterosexual uansrnission in an endemic area was 50%. 

The results indicating that the majority of children were showing normal academic 

performance in our sample may occur because of improved antiretroviral therapy but this 

has yet to be investigated in a pediatric population. 

Our results contrast those reported by Papola and colleagues (1995). In the Papola 

study. 56% of 90 school age children. with presumed vertically transmitted HIV infection. 

displayed functioning in the borderline range or lower. with 50% demonstrating 

significant language Unpairments. Further, over half of the chiidren (63%) were referred 

for placement in special education. The language impairment finding may mise fiom 

50% of the children being Hispanic and English may not have been their fist language. 

Further, a large number of children (62%) were not living with a biologic parent(s). 

Lastly, the sampie was recruited predominantiy fkom the Bronx in New York City and no 



Somation was recorded about matemal drug use or socioeconomic statu which may 

have influenced the resdts. Other studies of children with HIV fkom this and simiiar 

urban areas have revealed high rates of maternai dnig use and poverty (Chase et al.. 1995; 

Epstein et al., 1986; Nozyce et al.. 1994). 

Matemal substance abuse is an important consideration when investigating 

cognitive developrnent in children because children perinatally exposed to a number of 

h g s  are at risk for deveiopmental delay. In the literature. there exists controversy as to 

the extent of the deficits observed which range tiom overall cognitive impairment to 

subtle deficiences in certain domains of functioning. Reports have documented reliable 

decrements in cognitive development that are subtle (Koren, et al.. 1996; Lester. et al.. 

1998; van Baar & de Graaf, 1994). Substance abuse research has documented clinically 

significant leveis of language delay in both expressive and receptive tasks (Chasno& 

1998). The presence of clinicdly significant ianguage impairments in chiidren following 

matemal substance abuse further reinforces the need to try and reduce the rate of matemal 

substance abuse in a research cohort used to investigate neuropsychoiogical hinction in 

children with pediatric HIV infection. 

Our results do not indicate the presence of a specifîc language impairment in the 

presence of stable overall cognitive functioning as was observed by the Wolters group 

(1997). However, some similarities do exist between the two studies. In our study, mean 

group standard scores on both measures of receptive and expressive vocabdary were 

within normal l e t s .  In the Woltes et al. (1 997) snidy, for the 17 children with the 24- 

month follow-up, measures of recep tive vocabdary were consistently within normal 

limits over time. However, on measures of expressive language, resdts were consistently 



within a low-average range. The results fiom the school-age children contrast with what 

was reported in a group of preschool children followed at HSC. In the preschool cohort, 

a specific weakness was noted on a measure of receptive vocabulary. The reason for the 

d i f f e ~ g  results may be accounted for by the use of diKerent tests to provide a receptive 

language measure. The PPVT is a receptive vocabulary measure whereas the TROG is a 

more a measure of receptive gramrnar. 

This study has some limitations that need to be considered when interpreting the 

findings. One such limitation is the small sample size. Al1 of the standard deviations are 

large and therefore the results need to be interpreted with some caution. Secondly. our 

control group consists of children whose siblings conuacted HIV through bodi vertical 

transmission and the transfusion of blood or blood products. The gender and racial 

composition of the two groups was different; however. in the group with HIV no 

significant differences between males and females or between children of different races 

were observed. Such differences could not be explored in the control group due to smali 

sample size. Thirdly, continuhg changes in the standard of clinical care for these patients 

meant that children were on different antiretroviral therapies at the time of their 

neuropsychological evaluation. The literature on antiretroviral therapy and cognitive 

function in aduits indicates that the use highiy active antiretroviral therapy cm improve 

neuropsychological outcome (Ferrando et al. 1998; ToPi et al, 1999). 

With advances in research and clinical practice. pediatric HIV infection is 

changing fYom a terminal disease to a chronic iliness with children living longer and 

healthier lives. Thus, future shidies shodd focus on longitudinal follow-up of school- 

aged children Uifected with HIV in an effort to descnbe further the developmental process 



and profile of this group of children. With such efforts, health professionals will be able 

to provide optimum medical. educational, psychosocial and rehabilitative services to 

patients and their families. Further research needs to be conducted on the antiretroviral 

drugs and their ability to penetrate the CNS in these children and potentially delay. 

prevent, or reverse HIV-related CNS involvement. Research on antiretroviral dmgs and 

the CNS should also seek to identiQ any dnig side effects that may be associated with 

therapy. Our current understanding of dmg effects and the CNS is limited and primarily 

based on literature on aduits living with HIV. Future studies should also focus on 

prospectively i d e n t i h g  other markers. for example viral Ioad and other immunological 

prognostic markers that may indicate the onset of neurodevelopmental delay. This would 

have an important implication for both therapeutic and preventative efforts. The academic 

and hinctiond deficits that were observed in this study highlight the need for tlexible 

academic progams for these children. Visual-spatial and perceptual organization deficits 

rnay undermine certain aspects of academic achievement such as early handwriting, 

conceptual mathematics, and map usage. Educational professionals aware of individual 

vulnerabilities can arrange for remediation or compensation in the classroom setting. 

Lastly. it is imponant that future studies look at identiQing the educational and vocationai 

needs of school-age children and adolescents that shouid have a remedial, therapeutic and 

preventative focus. 



GeneraI Discussion 

This present research provides a description of cognitive and rnotor development 

in a cohort of Canadian children with vertically transmitted HIV intèction. The 

neurological sequelae associated with HIV infection in this population implicate various 

areas of neurological functioning, as assessed by neurospychological and neuroimaging 

evaluation, which can account for the range of deficits that were observed in the children. 

The research findings suggest that several neuropsychological domains are afTected 

during the course of vin1 infection. Specifically. difficulties in overall intellectual 

functioning. receptive language. visual-spatial skills. motor skills, and 

adaptivehehavioural hinctioning were observed. 

Due to the cross-sectional nature of the research. the small sample sizes. and other 

potential confounds. the resdts need to be interpreted with a certain degree of caution. 

Like previous research. ours was not fiee from the potential confounds outlined in the 

introduction. It must be understood that HIV infection wîthin a fmily is associated with 

complex psychosocial issues that may affect developmental functioning, and in that 

respect, our group is not unique. While we more effectively controlled for matemal dmg 

abuse. rates of matemal separation, and English as a Second Language, the anaiysis did 

include data from children bom to dmg abusing mothers, living in kinship or foster care 

and whose primary language was not English. It is important to keep in mind that there is 

p a t  heterogeneity in the pediatnc HIV population. 

One of the stren,ds of the present study is the fact that the neurocognitive 

evaiuation of the infants, preschoolers and school age children assessed a wide range of 



abilities known to be vulnerable to the effects of W.  Each test battery included an age- 

appropriate test that provided a composite measure of general cognitive function. 

Attaining global measures of cognitive function is important because previously it has 

been shown that scores on these measures have been associated with measures of disease 

progression and neurological status in children with H N  infection (Brouwen et al.. 

1995). Understanding that a general measure of cognitive function rnay mask the 

separate effects of HIV on individual domains of fùnctioning, tests were included in the 

battery that comprehensively assessed as many areas of neuropsychological bctioning 

as possible. It was expected that subtle deficits would be apparent in specific areas of 

function based on previous research. This approach was particularly important in the 

preschool and school-age children wîth HIV infection because we expected that they 

would tend to eshibit less severe CNS manifestations than infants. 

The current research provides insight into the developmental functioning of children with 

vertically transmitted HIV infection at three distinct points in time. Our results for the infant 

cohort were consistent with previous research. as our data present evidence that, as a group, the 

infants are more adversely affected by HN infection than older children as indicated by 

abnorrnalities in development and irnrnunologic disease indicators. Further. those children who 

live to the preschool and school- age stages experienced a better developmental course with more 

subtle deficits observed. To date, little research exists exclusively on children between the ages 

of 3 and 6 years. Our results indicate that preschool chiidren are doing generally well with 

respect to neuropsychoIogical function. In the preschool and school-age cohorts, our results 

indicated that with early treatment with antiretroviral therapy children with vertically trmsmitted 

HIV infection show many area of cognitive functioning within the normal range. The relative 



weakness that was observed in receptive language function is a new finding and warrants M e r  

investigation. At school-age, despite normal cognitive development, subtle motor irnpairments 

were documented. This finding is consistent with reports that motor Function is compromised 

early in development in infants with HIV. Our results are the first to report fine motor and motor 

strength deficits in school-age children with HIV. 

It is hoped that this thesis provides a balanced view of the impact of the diseasc on 

children with vertically transmitted Hn, infection. In sorne cases, particularly among the 

infants and children in an advanced stage of viral infection, severe impairments in 

neuropsychological fùnctioning across most domains were observed. It is also known 

that HIV-associated encephalopathy and certain opportunistic infections. consequent to an 

immunosuppressed state as a result of HN infection, are also capable of producing 

similar consequences. By contrast. thzre were a number of children who appeared not to 

be aff'ected by HIV infection according to rneasures of generai cognitive function. 

Howcver. detailed neuropsychological evduation of these children revealed a different 

picture with children showing subtle but clinically important deficits across selective 

domains including language function. visual spatial abilities and academic achievernent. 

Finaily, a third group of children emerged fiom the overall population. those who remain 

asymptomatic for years with no corresponding neuropsychological diffrculties or 

neurologicd infarcts despite the fact they occasionally experience varying degrees of 

immunosuppression. 

These results have confirmed the contributions of neuropsychology to the scientific 

understanding of the disease, and the applications of these findings to the rehabilitative and 

diagnostic process are of importance. Neuropsychology has complemented advances in 



neuroradiology, specifically the use of CT and MN, because neuropsychological evaluation can 

mess  the consequences of brain dysfunction on development. As our results indicate, many 

children do not display the clinical and immunologie signs of severe immune suppression and 

many have unremarkable braui scans. Many of the preschool and school-age children appeared 

not to have any complications From the infection at the time of assessment. Further, in the 

school-age cohort, the children with H N  infection showed very similar pertbrrnance to a group 

of uninfected school-age siblings. These results are positive for both the patients and their 

families. However. when these seemingly unaffected children undenvent neuropsychological 

evaluation. subtle deficits in selected dornains of cognitive huictioning were observed. It 

remains to be seen how these subtie deficits resolve or evolve with iùrther development in this 

brO'JP* 

The infant results correspond well with what has been previously reported in the literature 

confirming the existing findings that early delays in neurodevelopment are observed in HIV- 

infected infants bom to HIV-positive mothers. Overall, for the preschool and school-age children 

our results are positive and encouraging. The results indicate that as a group the children are 

generally performing well with respect to their cognitive development. Some specific 

deficiencies were noted on an individual case by case basis. Since previous research in the area 

of neuropsychology and pediaaic H N I A I D S  has yielded contrasting results and has been 

conducted in the United States and Europe, this research will provide the patients and families 

tangible results on what is happening in Toronto. Considering al1 the complex and difficdt 

issues that arise as a result of tW infection within a family these results are positive and should 

be viewed as such. When discussing these results in relation to populations across the country, 

some caution should be used. The demographic composition of HIV-positive children varies 



across the country and the issues that arise in one population may indeed be specific to that 

sample; thus, generalizations m u t  be made with caution. 

The results should also not be used to generalize a developmental trajectory for children 

with vertically transmitted HIV infection. This research is not a longitudinal study rather it is 

three distinct cross-sectional studies. There are similarities across the three studies, firstly, ail the 

children with HIV acquired the infection through vertical transmission and were followed at the 

Hospital for Sick Children in Toronto. Secondly. the control children in the infant and school- 

age studies were afFected by HIV. They were either bom to a positive mother or had a HIV- 

positive sibling. However, there are differences that require the results be interpreted with 

caution and as distinct cohorts. The studies were cross-sectional and the children were not 

followed longitudinally. At different ages. different developmental milestones are reached and 

the tests administered were in many cases age-specific. Further, some of the tests such as the 

Bayley Scales of Infants Development stipulate that the test should be used as an indicator of 

development at a defined point in time rather as an predictor of future outcorne. Lastly, in 

working with children with HIV there is an inherent selection bias because it is only possible to 

stuciy the children who have survived to a certain age. Young, sick infants will die and older 

children will become clinically il1 and may not receive neuropsychological testing. Just as 

importantly, some of the psychosocial issues will be different for children of different ages. For 

these reasons the studies should be viewed as distinct cohorts rather than an indictor of 

developmentd progression in children with HIV infection. 

Directions for Future Research 

Neuropsychologicd research in childhood HIV disease is still in its infancy and much 

work lies ahead. Future research investigating the neumcognitive functioning in pediatric HIV 



disease needs to focus on examining long-term cognitive functioning throughout the disease 

process and across developmental stages. The lack of research employing longitudinal 

investigations is unfortunate because cross-sectional research can only provide us with a 

description of the effects of the disease process at a specific point in time reveaiing Little about its 

long-term impact. Further. while previous research in the area has reported between-group 

ciicerences it has Largely ignored within-group variation. For this reason, future research should 

attempt to examine the within-group effects that are associated with HIV infection. For example, 

are specific markers for long-term survival associated with particular neuropsychological 

variables in asyrnptomatic children? In such a case, could these markers be used to determine 

when to intervene to maintain Functioning consistent with an asymptomatic state? 

Understanding that a great deal of heterogeneity exists in the pediatric HIV population. it 

would be advantageous for tùture investigation to anrmpt to control for, as best they cm. other 

confounding factors, such as matemal drug abuse and English as a Second Language. In Canada 

collaboration amongst the Canadian Pediatric AIDS Research Group across the country in 

longitudinal prospective research would be beneficial. Through such a pursuit. a large sample 

could be recruited ailowing for more stringent exclusion criteria. Further. it wouid then provide a 

better indication of the developmental experience of Canadian children with HIVIAIDS rather 

than an experience of the children followed in Toronto. Previous research conducted in the USA 

has demonstrated that evaluation of neurocognitive funftioning in a population of chifdren with 

HIV infection c m  be achieved in a multicenter setting with good results. Previous psychosocial 

research has been conducted with a national focus in Canada and a multicenter study involving 

programs across the country codd o d y  benefit our understanding of the developmentai 

consequences of pediatric infection in Canada. 



It is important to keep in mind that recent advances in research and antiretroviral 

treatment are gradually changing HIV infection £kom a terminal disease to a chronic illness in 

which children infected at birth are living healthy, functional lives well into adolescence. Thus, 

the investigation of long-term survivors of pediatric HIV infection is necessary to understand the 

effects of the disease and treatment in these children. Ln doing this, the focus should continue to 

involve a multidisciplinary. family-focused team to identify the medical, educational, 

rehabilitative and psychosocial services that most appropriately meet their needs. 

Future research should also focus on the uninfected siblings of children with HIV 

infection. The siblings are affected by the presence of HIV within the family but have been 

described as the forgotten members of the family. whose psychosocial needs often go unmet 

(Mellins & Ehrhardt. 1994). Such children may end up "orphaned" by the disease and will be the 

long-term survivors of the disease. Neuropsy chological assessment wi 11 provide an insight into 

their level of cognitive functioning and will also provide a proper control group for children with 

HIV. By sharing the same environment as children with HIV and dealing with many of the same 

complex issues they provide a comparison whereby the true effects of the disease may be noticed. 

Lastly, much of the existing research on antiretrovirals and their ability to penetrate the 

CNS has been done in adults. It is also widely accepted that the CNS is probably the most 

important sanctuary site in HIV-infected individuals. The presence and replication of HIV within 

the CNS is an important issue, especially for children, where the infection is occurring in an 

immature nervous system. Our research. along with previous reports, has shown that many 

infected children have a broad range of neurological and neuropsychological deficits. As a 

result, some important questions that need to be m e r e d  are; is it possible to suppress viral 



replication w i h h  the CNS as successfully as has been observed systemically? Which dnigs 

should be used for this purpose and how should their efficacy be measured? 

In conclusion, this area of research is in its relative infancy and there is a lot of work still 

to be done. Our studies have provided a good fust step in describing the developmental 

experience of a group of Canadian children living with HIV/AIDS. It is only a first step though. 

Researching the neuropsychological function of these children is important and cm play an 

integral role in developing preventative and rehabilitative programs for the children. Through 

understanding the deficits and CNS abnormalities that may be caused by pediatric HIV infection, 

we can work to improve treatment options and quality of life for children living with HN/MDS. 
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Appendix 1 

Preschool composites comparison of children with normal CT scans vs. children with CT 
a bnormalities. 

Perceptual Processing: tlz = -0.390; p = 0.703 

Verbal: t7 = 0.132; p = 0.898 

Attention: t, = -0.237; p = 0.87 1 

Visual Spatial: tlz = -0.059; p = 0. 954 

Motor: tg = -0.28 1 ; p = 0.785 

Adaptive fimction: t t =  -0.858; p = 0.703 

School-age composites: comparison between children with vertically transmitted HIV infection vs. 
the HIV negative comparison group 

Fine motor: t l j  = - 1.95 1: p = 0.07 

Verbal: tt7 = - 1  .O 16; p = 0.324 

Academic: t i f =  -O. 12 1 ; p = 0.905 

Memory: t14 = 0.442; p = 0.665 

VisuaI spatial: t2, = -1  -725; p = 0.099 

Visual motor: t19 = - 1.135; p = 0.270 

School-age composites: cornparison between children with H N  who have normal CT scrins vs. 
children with HIV who had abnormat brain scans 

Motor: = -0.305; p = 0.770 

Memory: t, = 0.72 1 ; p = 0.494 

Academics: tg = 0.307; p = 0.766 

Verbal: t7 = 0385; p = 0.78.1 

Visud Spatial: tll = -2.0; p = 0.07 




