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despite the fact that these children were also at risk of perinatal insults, 
infectious disease, malnutrition and poverty related complications. 
As the number of HEU children continues to increase worldwide, 
questions of clear public health importance need to be addressed: 
Is the health status and survival of HEU children at adolescence 
influenced by exposure to HIV-1 and/or combination antiretroviral 
therapy (cART) in utero or during infancy? To what extent is the long 
term neurodevelopmental outcome influenced by being born into an 
HIV affected households. The aim of this review is to describe the 
evidence on health outcomes of HIV exposed uninfected children, 
from resource constrained settings, as they mature into adolescence.

Review Rationale
Although previous explorations of this research topic have been 

undertaken, this review aimed at extending those contributions by 
considering studies, 1) prospective studies among HIV exposed 
children, 2) across resource constrained settings, 3) reporting on 
intervention that prevent or postpone severe effects of infection, 4) 
effect of home environment, 5) were published in English language 
journal, 6) did not include a substantial proportion of participants 
exposed to in utero opiates, amphetamines or phencyclidine and 
included a comparison group.

Methodology
A systemic review of the literature (MEDLINE, PUBMED, 

Cochrane library and Google scholar,) published in 1999 to December 
2015 was conducted.

Sixty nine of the 105 articles were reviewed by three authors: 
18 cohort studies, 2 clinical trials, 11 reviews, and 74 cross sectional 
studies. The quality of studies was evaluated according to international 
guidelines.

Nutrition and Growth
Stunting and wasting remain problematic in children above 5 

years from Africa [3-5] with high prevalence of mild stunting being 
demonstrated in South African rural children 8 to 11 years old [6]. 
A paradox of co-existence of over-nutrition and under-nutrition 
in 5 to 14 year old children from Pakistan has been reported [7]. 
Malnutrition affects growth, development, mental and physical 
capacity of children above 5 years [8]. In Brazil, socioeconomic 
factors, maternal height and birth weight influenced linear growth of 
children up to age 10years [9].
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Background
The millennium development goals have come and gone and yet 

the same threats to gains made on the child survival agenda of the 
1980s remain undaunted. Globally an estimated 2.3 million children 
under the age of 14 years are living with HIV infection, 90% of whom 
acquired the infection antenatally, intrapartum or postnatally through 
breast feeding [1]. With the success of chemoprophylaxis for the 
prevention of perinatal transmission of the human immunodeficiency 
virus (HIV), an increasing number of HIV-exposed but uninfected 
(HEU) children will have in utero and post-partum exposure to 
antiretroviral drugs and survive beyond infancy. The proportion of 
HEU children who survive to school age is largely unknown and 
the majority live in sub-Saharan Africa [2]. The long term effect of 
antiretroviral drugs on children`s developing brains is not fully 
understood. A few studies from developing countries have reported 
on growth, morbidity and mortality outcomes of HEU children 
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standards [17]. They had normal brain growth as reflected by normal 
head circumference for age. In Zimbabwe [18], HUU and HEU were 
7.5 cm and 5.4 cm taller than HIV infected children above 5 years 
respectively. HUU and HEU children were 3.5 kg and 2.7 kg heavier 
than HIV infected children. HUU and HEU had mid-upper arm 
circumference 11 mm longer than the HIV infected children. There 
was also no difference in head circumference in these children above 
5 years. In Zambia, HEU exposed to nevirapine at birth had lower 
values of most anthropometric variables compared to the HUU and 
main reason was poor socio-economic factors [19]. In the Dart trial 
carried out in Zimbabwe and Uganda, there was no evidence that 
in utero tenofovir affected growth after 2 years and no increase in 
congenital, renal, or growth abnormalities was observed [20].

Neurodevelopment
During the critical periods in childhood development, spanning 

from pregnancy to adolescence the developing nervous system 
is susceptible to psychological, environmental biological risk 
factors. Similar to adults, HIV type 1 in the paediatric population 
invades the CNS during primary infection and is often followed 
by compartmentation in sanctuary sites. This poses challenges to 
treatment modalities [21].

HIV infection and neurodevelopmental outcomes in infancy 
are determined by maternal and infant host factors both of which 
also influence HIV disease onset and severity. The timing of vertical 

HIV infection and exposure has been noted to influence growth 
of children including those above 5 years. HEU children have lower 
weight and length z scores at birth compared to HIV unexposed 
uninfected (HUU) children [10,11] and also seem to have suboptimal 
postnatal growth even in breastfeeding populations from low income 
settings. The risk of small for gestational age in HEU children is higher 
than in HUU but lower than in HIV infected children [11]. This 
increased risk for small for gestational age in HEU could be a reflection 
of poor maternal health during pregnancy. The subsequent suboptimal 
postnatal growth [11,12] could also be reflecting the maternal ill 
health including subclinical mastitis, environmental and poor socio-
demographics factors frequently found in low income settings. High 
income countries have demonstrated lower birth anthropometry in 
HEU but comparable postnatal growth with HUU [13].

HIV exposed uninfected children from the United States of 
America had better scores of bone mineral density [14] and higher 
total body fat compared to HIV infected children [15]. In Europe 
HEU children were 7 kg heavier and 7.5 cm taller than HIV infected 
children [16]. Advanced HIV infection impaired growth substantially. 
However, there were no major differences between HEU and the 
British growth standards from normal children. There is limited 
data of comparison of HUU, HEU and HIV infected children (HI) 
above 5 years from low income countries. In Uganda, both HEU and 
HIV infected pre-school children followed up to just above 5 years 
had sustained lower weight and height compared to WHO growth 

Study Location Study Type Sample size Participants Age (range) Developmental 
scale

Exposure to 
ARV

Findings HEU 

Bisiachi et al. [25] Italy Cross section 42 29 HI

13 HEU

6 -15 yrs Own tests Not stated  Normal

Normal range
Blanchette et al. [26] Canada Cross section 25 14 HI

11 HEU

5-12 yrs WPPS Yes Normal function

Fishkin  et al.

[27]

US Cross section 80 40 HI

40  HUU

3-5 yrs WPPS Yes No report 

Smith  et al. [28] US Cohort 539 117 HI

422  HEU

3-7 yrs MSCA Yes Normal function

Koekkoek et al. [29] The 
Netherlands

Cross section 22 HI 6-13.5 yrs SON-R Yes, No control

Bagendi et al. [30] Uganda Cohort 107 28 HI

42  HEU

37 HUU

6-12 yrs K-ABC No No cognitive 
defects

Abubakar et al. [31] Kenya Cross section 367 31 HI

17  HEU

319 HUU

6-35 mnths Kilifi 
Developmental 
Inventory

No Similar motor 
function to HUEI

Lowick et al. [24] South Africa Cross section 60 35HI

30 Healthy 
unknown status

Preschool age GMDS-ER No Normal function

Hoare et al. [32] South Africa Cross sectional 24 12 HI 

12HUU

8-12 yrs WASI No  No report

Ruel et al. [33] Uganda Cross section 115 93HI

106 HUU

6-12 yrs Test of Variables 
of Attention

 K-ABC, Bruininks-
Oseretsky Test of 
Motor Proficiency

No No report

Puthanakit et al. [34] Thailand RCT 623 284 HI

155 HEU

164 HUU

1-12 yrs WISC-Thai Yes Normal function

Kandawasvika  et al. [35] Zimbabwe Prospective 306 32 HI

121 HEI

153 HUU

6-8 MSCA Yes Similar to HIV 
uninfected

HI- Child with HIV infection; HEU- Child exposed but uninfected with HIV; HUU- Unexposed Uninfected; US- United States of America; RCT- Randomised Controlled 
Trial; KABC- Kaufman Assessment Battery for children; MSCA- McCarthy Scales of Children`s Abilities; SON-R- Snijders-Oomen nonverbal intelligence test for 
children and adolescents (abridged); WASI- Wechsler Abbreviated Scale of Intelligence; WPPSI- Wechsler Preschool and Primary Scale of Intelligence-Revised; 
WISC-R- Wechsler Intelligence Scale for Children- Revised; WISC- Thai Wechsler Intelligence Scale for Children Thai version; GMDS-ER- Griffiths Mental 
Development Scales-Extended Revised Version

Table 1: Summary of studies reporting the effect of HIV on neurodevelopment among HEU children.
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infection also influences the rate of disease progression. Children 
infected with HIV who survived to school age were found to have 
neurodevelopmental deficits in general cognitive impairment, visual 
spatial, motor, language expression, perceptive performance and 
executive function [22-24].

A few studies have reported on HEU and compared them to 
the reference population, in some studies unexposed uninfected 
peers of similar socioeconomic status. Studies have demonstrated 
conflicting results since controlling for confounding factors such 
as socioeconomic status, child stimulation in the home, care giver 
characteristic is problematic (Table 1).

Behavioral Problems
Conduct disorders in HEU children remains largely unknown in 

developing countries due unavailable data. Furthermore, there is lack 
of adapted and validated tools for assessing behavior in these settings 
[36,37]. In a study among 6-8 year old Zimbabwean children, HIV 
exposure did not influence prevalence of behavioral problems [35]. 
However a study among Ugandan adolescent orphans infected with 
HIV, a reported higher than normal rates of behavioral problems in 
that cohort [38].

Antiretroviral Exposure and Neurodevelopment
The relationship between cART and child neurodevelopment 

is extrapolated from evidence from developed world setting where 
PMTCT programs are wide spread and the infants are predominantly 
formula fed. The early initiation of cART has resulted in reduced 
the incidence of progressive encephalopathy by 50% in children 
infected perinatally with HIV, in a prospective study among 2389 
American children [39]. In a South African study comparing the 
neurodevelopment of 27 infants infected with HIV to 29 infants 
exposed uninfected, the use of cART, prevented further deterioration 
in neurodevelopment function in the HIV infected group, but did not 
reverse the neurological damage already present [40].

Concerns remain regarding the safety of cART on the developing 
brain [40]. Evidence on the long term neurodevelopmental effects 
of antiretroviral therapy exposure is largely unknown. Maternal 
antenatal exposure to protease containing regimens was associated 
with increased risk of prematurity in an American PMTCT clinical trial 
comparing HIV transmission rates in the protease inhibitors group 
versus the non-reverse transcriptase inhibitor group [41]. A review of 
studies investigating the impact of HIV exposure and antiretroviral 
therapy or prophylaxis on neurodevelopmental outcomes reported 
subtle speech and language delay among children exposed uninfected 
with HIV [42]. Due to different methodologies used in assessing 
the effect of maternal cART exposure on neurodevelopment, 
comparison of the results is limited. Further studies on the long term 
neurodevelopment outcomes following maternal cART exposure in 
children without HIV infection are needed.

In a study by Barret et al. circumstantial evidence for mitochondrial 
dysfunction was found in HEU children exposed to antiretroviral 
therapy. All the children presented with neurological symptoms, often 
associated with abnormal magnetic resonance image (10 of 12) and/or 
a significant episode of hyperlactatemia (seven of 12). All had either a 
profound deficit in one of the respiratory chain complexes (11 of 12) and/
or a typical histological pattern (two of 12). All were perinatally exposed 
to antiretrovirals drugs. None of them had perinatal morbidity that 
could explain this symptomatology [43]. Hernandez et al. reported that 
mitochondrial parameters were reduced in HIV infected mothers and 
their newborn; especially newborn mitochondrial DNA levels, maternal 
and fetal mitochondrial protein synthesis and maternal glycerol-3-
phosphate + complex III function without adverse perinatal outcome 
[44].

HIV or ARV exposure is associated with dysfunctional 
intermediary metabolism in newborns. Abnormal acylcarnitine levels 
were more frequent in ARV-exposed infants, suggesting that ARV 
may disturb fatty acid oxidation in some infants. Studies designed to 
validate and determine the clinical significance of these findings are 
needed [45].

Sociocultural Factors and Cognitive Development
The structure and cultural background of a family is critical 

in child development. Culture influences all aspects of child 
development and is reflected in child rearing practices. Protective 
cultural practices such breastfeeding are widely practiced in the 
developing communities [46]. It is the cultural norms that dictate 
the role of adults in child play, investment in child development and 
the degree to which society will embrace child protective practices 
such as child stimulation. Unfortunately, the AIDS epidemic has 
resulted in an increase in orphaned children as their parents succumb 
to HIV related illnesses. The family structure and dynamics have 
changed with more AIDS orphans growing up under the care of aged 
grandparents, older siblings or other relatives [47]. However, there is 
a lack of data on how the change in household composition impacts 
on child neurodevelopment, especially when the care givers change is 
due to death of a parent. In a case study among 193 Uganda orphans 
aged 15-19 years, 29% continued schooling undisrupted, 25% spent 
time off school and 45% dropped out of school and the least chance 
of continuing with education was reported in those fostered by 
grandparents (7%) [48].

Poverty and Child Development
Although definitions of poverty vary according to social, cultural 

and geographical location, the epidemiological perspective definition 
of low socioeconomic status, unemployment and low levels of 
education cuts across all cultures [49]. Universally, poverty increases 
the risk for emotional distress in families and children which may 
interfere with educational achievements. Poverty was correlated 
with increased maternal stress or depression and inadequate child 
stimulation in the home [50]. Studies demonstrated that the electrical 
brain activity of newborns of depressed mothers show reduced ability 
to learn from environment [51]. In the context of HIV infection, 
maternal mental health disorders compromise the parent-child 
interaction influencing cognitive stimulation. Poverty also negatively 
impact on the family’s nutritional status. A study conducted in 
Kenya among children under 3 years living in poverty reported 
anthropometric measures such as height and weight as mediators 
of the relationship between socioeconomic status and psychomotor 
development [52].

Morbidity and Mortality
Prevention of Mother-to-Child HIV Transmission (PMTCT) 

programs in sub-Saharan Africa has been extremely successful in 
reducing the numbers of children infected with HIV. However, 
HEU children have substantially increased morbidity and 
mortality compared with children born to uninfected mothers 
HUU, predominantly from infectious causes. Moreover, a range of 
phenotypical and functional immunological differences between 
HEU and HUU children has been reported [53]. These differences 
have been reported particularly for infants below 2 years of age 
[31,54].

Possible reasons why the HIV exposed uninfected infants are at 
increased risk include less exposure to breast milk as mothers are 
either less able to breastfeed or stop breastfeeding early to protect their 
infant from HIV infection. Other contributing factors are parental 
illness or death resulting in inadequate care of the children, increased 
exposure to other infections and possibly exposure to antiretroviral 
drugs [55]. Maternal CD4 count predicts child mortality in HIV-
uninfected children born to HIV-infected women [56]. Prematurity, 
teenage motherhood and symptomatic HIV-1 maternal disease were 
important predictors for post-neonatal mortality in a cohort of HIV-
1 exposed uninfected infants according to a Kenyan study by Gichuhi 
[57]. These factors should be considered in monitoring and follow 
up in prevention of mother-to-child HIV-1 transmission (PMTCT) 
programs. In addition a broad approach for psychosocial support 
of HIV-affected families is needed to improve health of HIV-EU 
children. High quality programmatic research is needed to determine 
how to deliver such care [55].
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Although nutrition has been examined, the effects of CMV 
infection have not been evaluated in HEU children. The effects of 
CMV infection on the growth, development, and health of maternally 
HIV-exposed and unexposed infants in Zambia was studied. All 
CMV-seropositive infants had decreased length-for-age by 18 months 
compared with seronegative infants. In HIV-exposed infants CMV 
positive infants compared with those who were negative, had reduced 
head size and lower psychomotor development. HIV-exposed, CMV-
viremic infants were more commonly referred for hospital treatment 
than CMV-negative infants. CMV seems to be a risk factor for poor 
child health in this region [58].

Infections may be more common and severe among HEU children 
than among unexposed children, which could contribute to both 
slower growth and higher mortality. A nearly study in Zaire (DRC) 
found that the incidence of persistent diarrhoea (> 14 days) among 
HIV-EU infants was twice that among HIV-unexposed infants [59]. 
An HIV exposure, rather than infection, based analysis of treatment 
failure among children with pneumonia to showed that failure odds 
among HIV-exposed uninfected infants were intermediate between 
their unexposed and infected counter parts [60]. The clinical and 
basic immunological findings of eight HIV-exposed uninfected 
infants hospitalized with serious infectious morbidity and referred 
for immunological evaluation showed that severe infections were 
likely. These included, Pneumocystis jiroveci pneumonia (three), 
cytomegalovirus colitis with perforation (one), Pseudomonas sepsis 
(two), hemorrhagic varicella (one) and Group A streptococcal 
meningitis and endocarditis (one). Five required intensive care, 
four for assisted ventilation and one for post-surgical care. The 
median age at presentation was 5.5 (1.5-15) months. Follow-up to 36 
months suggested resolution of a transient immunodeficiency in two 
infants, one of whom had CD4 and the other B-cell depletion [61]. 
The HEU infants experience high rates of all-cause and infectious 
hospitalization (particularly gastroenteritis) and in-hospital mortality 
[62]. With cardiac function, non-HIV-infected infants born to HIV-
infected mothers, fetal exposure to ART is associated with reduced 
Left Ventricular dimension, Left Ventricular mass, and septal wall 
thickness and with higher Left Ventricular fractional shortening and 
contractility during the first two years of life [63]. The important 
immune findings in HEU children are expanded memory T cell 
subsets and increased immune activation with increased apoptosis, 
reduced thymic function and fewer naïve T cells, accompanied by 
functional differences consistent with Th1/Th17 polarization and 
impaired APC function, in a setting of reduced transfer of maternal 
antibodies [64].

It is evident that few longitudinal studies have followed up HEU 
children to school age. In resource limited settings, future operational 
research studies are needed to inform HIV programmes on how best 
to promote the health of HEU children and their families in that 
context. Interventions to improve household family food security and 
assess availability of energy and micronutrient dense foods for school 
age children are a priority. Staple diets in Africa and other low income 
countries are frequently bulky with low energy and micronutrient 
density [65]. Cognitive stimulation therapy has been shown to 
improve cognitive function in HI children [66]. In HEU, there is 
need for further basic research using larger sample sizes and validated 
neurodevelopmental tools to assess the feasibility of including child 
cognitive stimulation intervention in child health programmes. More 
research is required to assist healthcare workers in managing HEU 
and their families. It is unclear if HEU children respond adequately 
to vaccines, need extra vaccine boosters, they benefit from antibiotic 
prophylaxis and the duration of such interventions. Strengthening 
family-centered HIV prevention and treatment programs will 
improve health outcomes and socioeconomic participation of HIV 
infected parents and their HEU children.

References
1. Centers for Disease Control and Prevention (CDC) (2013) Voluntary medical 

male circumcision - southern and eastern Africa, 2010-2012. MMWR Morb 
Mortal Wkly Rep 62: 953-957.

2. Ferrand RA, Corbett EL, Wood R, Hargrove J, Ndhlovu CE, et al. (2009) AIDS 
among older children and adolescents in Southern Africa: projecting the time 
course and magnitude of the epidemic. AIDS 23: 2039-2046.

3. Chesire EJ, Orago AS, Oteba LP, Echoka E (2008) Determinants of under 
nutrition among school age children in a Nairobi peri-urban slum. East Afr 
Med J 85: 471-479.

4. Jooste PL, Langenhoven ML, Kriek JA, Kunneke E, Nyaphisi M, et al. (1997) 
Nutritional status of rural children in the Lesotho Highlands. East Afr Med J 
74: 680-689.

5. Mwaniki EW, Makokha AN (2013) Nutrition status and associated factors 
among children in public primary schools in Dagoretti, Nairobi, Kenya. Afr 
Health Sci 13: 39-46.

6. Zerfu M, Mekasha A (2006) Anthropometric assessment of school age 
children in Addis Ababa. Ethiop Med J 44: 347-352.

7. Jinabhai CC, Taylor M, Sullivan KR (2003) Implications of the prevalence 
of stunting, overweight and obesity amongst South African primary school 
children: a possible nutritional transition? Eur J Clin Nutr 57: 358-365. 

8. Jafar TH, Qadri Z, Islam M, Hatcher J, Bhutta ZA, et al. (2008) Rise in 
childhood obesity with persistently high rates of undernutrition among urban 
school-aged Indo-Asian children. Arch Dis Child 93: 373-378.

9. Best C, Neufingerl N, van Geel L, van den Briel T, Osendarp S (2010) The 
nutritional status of school-aged children: why should we care? Food Nutr 
Bull 31: 400-417.

10. Makasa M, Kasonka L, Chisenga M, Sinkala M, Chintu C, et al. (2007) Early 
growth of infants of HIV-infected and uninfected Zambian women. Trop Med 
Int Health 12: 594-602.

11. Sofeu CL, Warszawski J, Ateba Ndongo F, Penda IC, Tetang Ndiang S, et 
al. (2014) Low birth weight in perinatally HIV-exposed uninfected infants: 
observations in urban settings in Cameroon. PLoS One 9: e93554.

12. Wilkinson AL, Pedersen SH, Urassa M, Michael D, Todd J, et al. (2015) 
Associations between gestational anthropometry, maternal HIV, and fetal 
and early infancy growth in a prospective rural/semi-rural Tanzanian cohort, 
2012-13. BMC pregnancy and childbirth 15: 277. 

13. European CS (2003) Exposure to antiretroviral therapy in utero or early 
life: the health of uninfected children born to HIV-infected women. J Acquir 
Immune Defic Synd 32: 380-387. 

14. Lourenço BH, Villamor E, Augusto RA, Cardoso MA (2012) Determinants of 
linear growth from infancy to school-aged years: a population-based follow-
up study in urban Amazonian children. BMC Public Health 12: 265.

15. DiMeglio LA, Wang J, Siberry GK, Miller TL, Geffner ME, et al. (2013) Bone 
mineral density in children and adolescents with perinatal HIV infection. AIDS 
27: 211-220.

16. Newell ML, Borja MC, Peckham C, European Collaborative Study (2003) 
Height, weight, and growth in children born to mothers with HIV-1 infection in 
Europe. Pediatrics 111: e52-60.

17. Owor M, Mwatha A, Donnell D, Musoke P, Mmiro F, et al. (2013) Long-term 
follow-up of children in the HIVNET 012 perinatal HIV prevention trial: five-
year growth and survival. J Acquir Immune Defic Syndr 64: 464-471.

18. Kuona P, Mashavave G, Kandawasvika G, Dzangare J, Masanganise M 
(2014) Serum Selenium Levels and Nutritional Status of School Children from 
an HIV Prevention Programme in Zimbabwe. J Trop Dis 2: 134. 

19. Nicholson L, Chisenga M, Siame J, Kasonka L, Filteau S (2015) Growth and 
health outcomes at school age in HIV-exposed, uninfected Zambian children: 
follow-up of two cohorts studied in infancy. BMC Pediatr 15: 66.

20. Gibb DM, Kizito H, Russell EC, Chidziva E, Zalwango E, et al. (2012) 
Pregnancy and infant outcomes among HIV-infected women taking long-term 
ART with and without tenofovir in the DART trial. PLoS Med 9: e1001217.

21. Kramer-Hammerle S, Rothenaigner I, Wolff H, Bell JE, Brack-Werner R 
(2005) Cells of the central nervous system as targets and reservoirs of the 
human immunodeficiency virus. Virus Res 111: 194-213. 

22. Angelini L, Zibordi F, Triulzi F, Cinque P, Giudici B, et al. (2000) Age-
dependent neurologic manifestations of HIV infection in childhood. Neurol 
Sci 21: 135-142.

23. George R, Andronikou S, du Plessis J, du Plessis AM, Van Toorn R, et al. 
(2009) Central nervous system manifestations of HIV infection in children. 
Pediatr Radiol 39: 575-585.

24. Lowick S, Sawry S, Meyers T (2012) Neurodevelopmental delay among 
HIV-infected preschool children receiving antiretroviral therapy and 
healthy preschool children in Soweto, South Africa. Psychol Health Med 
17: 599-610. 

25. Bisiacchi PS, Suppiej A, Laverda A (2000) Neuropsychological evaluation 
of neurologically asymptomatic HIV-infected children. Brain Cogn 43: 49-
52.

26. Blanchette N, Smith ML, King S, Fernandes-Penney A, Read S (2002) 

http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6247a3.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6247a3.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6247a3.htm
http://www.ncbi.nlm.nih.gov/pubmed/19684508
http://www.ncbi.nlm.nih.gov/pubmed/19684508
http://www.ncbi.nlm.nih.gov/pubmed/19684508
http://www.ncbi.nlm.nih.gov/pubmed/19537423
http://www.ncbi.nlm.nih.gov/pubmed/19537423
http://www.ncbi.nlm.nih.gov/pubmed/19537423
http://www.ncbi.nlm.nih.gov/pubmed/9557436
http://www.ncbi.nlm.nih.gov/pubmed/9557436
http://www.ncbi.nlm.nih.gov/pubmed/9557436
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3645091/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3645091/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3645091/
http://www.ncbi.nlm.nih.gov/pubmed/17370434
http://www.ncbi.nlm.nih.gov/pubmed/17370434
http://www.ncbi.nlm.nih.gov/pubmed/12571672
http://www.ncbi.nlm.nih.gov/pubmed/12571672
http://www.ncbi.nlm.nih.gov/pubmed/12571672
http://www.ncbi.nlm.nih.gov/pubmed/17942586
http://www.ncbi.nlm.nih.gov/pubmed/17942586
http://www.ncbi.nlm.nih.gov/pubmed/17942586
http://www.ncbi.nlm.nih.gov/pubmed/20973461
http://www.ncbi.nlm.nih.gov/pubmed/20973461
http://www.ncbi.nlm.nih.gov/pubmed/20973461
http://www.ncbi.nlm.nih.gov/pubmed/17445127
http://www.ncbi.nlm.nih.gov/pubmed/17445127
http://www.ncbi.nlm.nih.gov/pubmed/17445127
http://www.ncbi.nlm.nih.gov/pubmed/24705410
http://www.ncbi.nlm.nih.gov/pubmed/24705410
http://www.ncbi.nlm.nih.gov/pubmed/24705410
http://www.ncbi.nlm.nih.gov/pubmed/26515916
http://www.ncbi.nlm.nih.gov/pubmed/26515916
http://www.ncbi.nlm.nih.gov/pubmed/26515916
http://www.ncbi.nlm.nih.gov/pubmed/26515916
http://www.ncbi.nlm.nih.gov/pubmed/12640195
http://www.ncbi.nlm.nih.gov/pubmed/12640195
http://www.ncbi.nlm.nih.gov/pubmed/12640195
http://www.ncbi.nlm.nih.gov/pubmed/22471924
http://www.ncbi.nlm.nih.gov/pubmed/22471924
http://www.ncbi.nlm.nih.gov/pubmed/22471924
http://www.ncbi.nlm.nih.gov/pubmed/23032412
http://www.ncbi.nlm.nih.gov/pubmed/23032412
http://www.ncbi.nlm.nih.gov/pubmed/23032412
http://www.ncbi.nlm.nih.gov/pubmed/12509595
http://www.ncbi.nlm.nih.gov/pubmed/12509595
http://www.ncbi.nlm.nih.gov/pubmed/12509595
http://www.ncbi.nlm.nih.gov/pubmed/24121753
http://www.ncbi.nlm.nih.gov/pubmed/24121753
http://www.ncbi.nlm.nih.gov/pubmed/24121753
https://www.duo.uio.no/handle/10852/48612
https://www.duo.uio.no/handle/10852/48612
https://www.duo.uio.no/handle/10852/48612
http://www.ncbi.nlm.nih.gov/pubmed/26048411
http://www.ncbi.nlm.nih.gov/pubmed/26048411
http://www.ncbi.nlm.nih.gov/pubmed/26048411
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3352861/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3352861/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3352861/
http://www.ncbi.nlm.nih.gov/pubmed/15885841
http://www.ncbi.nlm.nih.gov/pubmed/15885841
http://www.ncbi.nlm.nih.gov/pubmed/15885841
http://www.ncbi.nlm.nih.gov/pubmed/11076001
http://www.ncbi.nlm.nih.gov/pubmed/11076001
http://www.ncbi.nlm.nih.gov/pubmed/11076001
http://www.ncbi.nlm.nih.gov/pubmed/19277636
http://www.ncbi.nlm.nih.gov/pubmed/19277636
http://www.ncbi.nlm.nih.gov/pubmed/19277636
http://www.ncbi.nlm.nih.gov/pubmed/22313239
http://www.ncbi.nlm.nih.gov/pubmed/22313239
http://www.ncbi.nlm.nih.gov/pubmed/22313239
http://www.ncbi.nlm.nih.gov/pubmed/22313239
http://www.ncbi.nlm.nih.gov/pubmed/10857661
http://www.ncbi.nlm.nih.gov/pubmed/10857661
http://www.ncbi.nlm.nih.gov/pubmed/10857661
http://www.ncbi.nlm.nih.gov/pubmed/12233936


• Page 5 of 5 •ISSN: 2469-567XKandawasvika et al. Int J Virol AIDS 2016, 3:024

Cognitive development in school-age children with vertically transmitted HIV 
infection. Dev Neuropsychol 21: 223-241.

27. Fishkin PE, Armstrong FD, Routh DK, Harris L, Thompson W, et al. (2000) 
Brief report: relationship between HIV infection and WPPSI-R performance in 
preschool-age children. J Pediatr Psychol 25: 347-351. 

28. Smith R, Malee K, Leighty R, Brouwers P, Mellins C, et al. (2006) Effects of 
perinatal HIV infection and associated risk factors on cognitive development 
among young children. Pediatrics 117: 851-862. 

29. Koekkoek S, de Sonneville LM, Wolfs TF, Licht R, Geelen SP (2008) 
Neurocognitive function profile in HIV-infected school-age children. Eur J 
Paediatr Neurol 12: 290-297.

30. Bagenda D, Nassali A, Kalyesubula I, Sherman B, Drotar D, et al. (2006) 
Health, neurologic, and cognitive status of HIV-infected, long-surviving, and 
antiretroviral-naive Ugandan children. Pediatrics 117: 729-740. 

31. Abubakar A, Holding P, Newton CR, Van Baar A, Van de Vijver FJ 
(2009) The role of weight for age and disease stage in poor psychomotor 
outcome of HIV-infected children in Kilifi, Kenya. Dev Med Child Neurol 
51: 968-973. 

32. Hoare J, Fouche J-P, Spottiswoode B, Donald K, Philipps N, et al. (2012) A 
diffusion tensor imaging and neurocognitive study of HIV-positive children 
who are HAART -naïve “slow progressors”. J Neurovirol 18: 205-212. 

33. Ruel TD, Boivin MJ, Boal HE, Bangirana P, Charlebois E, et al. (2012) 
Neurocognitive and motor deficits in HIV-infected Ugandan children with high 
CD4 cell counts. Clin Infect Dis 54: 1001-1009.

34. Puthanakit T, Ananworanich J, Vonthanak S, Kosalaraksa P, Hansudewechakul 
R, et al. (2013) Cognitive function and neurodevelopmental outcomes in HIV-
infected children older than 1 year of age randomized to early versus deferred 
antiretroviral therapy: the PREDICT neurodevelopmental study. Pediatr Infect 
Dis J 32: 501.

35. Kandawasvika G, Kuona P, Chandiwana P, Masanganise M, Gumbo F, et 
al. (2015) The burden and predictors of cognitive impairment among 6-to 
8-year-old children infected and uninfected with HIV from Harare, Zimbabwe: 
a cross-sectional study. Child Neuropsychol 21: 106-120. 

36. Moore DJ, Masliah E, Rippeth JD, Gonzalez R, Carey CL, et al. (2006) Cortical 
and subcortical neurodegeneration is associated with HIV neurocognitive 
impairment. AIDS 20: 879-887.

37. Musisi S, Kinyanda E (2009) Emotional and behavioural disorders in HIV 
seropositive adolescents in urban Uganda. East Afr Med J 86: 16-24.

38. Tadesse AW, Berhane Tsehay Y, Girma Belaineh B, Alemu YB (2012) 
Behavioral and emotional problems among children aged 6-14 years on 
highly active antiretroviral therapy in Addis Ababa: a cross-sectional study. 
AIDS care 24: 1359-1367. 

39. Patel K, Ming X, Williams PL, Robertson KR, Oleske JM, et al. (2009) 
Impact of HAART and CNS-penetrating antiretroviral regimens on HIV 
encephalopathy among perinatally infected children and adolescents. AIDS 
(London, England) 23: 1893. 

40. Stek AM (2009) Antiretroviral medications during pregnancy for therapy or 
prophylaxis. Curr HIV/AIDS Rep 6: 68-76.

41. Whitehead N, Potterton J, Coovadia A (2014) The neurodevelopment of HIV-
infected infants on HAART compared to HIV-exposed but uninfected infants. 
AIDS Care 26: 497-504.

42. Le Doaré K, Bland R, Newell ML (2012) Neurodevelopment in children born 
to HIV-infected mothers by infection and treatment status. Pediatrics 130: 
e1326-1344.

43. Barret B, Tardieu M, Rustin P, Lacroix C, Chabrol B, et al. (2003) Persistent 
mitochondrial dysfunction in HIV-1-exposed but uninfected infants: clinical 
screening in a large prospective cohort. Aids 17: 1769-1785. 

44. Hernandez S, Moren C, Lopez M, Coll O, Cardellach F, et al. (2012) Perinatal 
outcomes, mitochondrial toxicity and apoptosis in HIV-treated pregnant 
women and in-utero-exposed newborn. Aids 26: 419-428. 

45. Kirmse B, Hobbs CV, Peter I, Laplante B, Caggana M, et al. (2013) Abnormal 
newborn screens and acylcarnitines in HIV-exposed and ARV-exposed 
infants. Pediatr Infect Dis J 32: 146-150.

46. Roberts TJ, Carnahan E, Gakidou E (2013) Can breastfeeding promote child 
health equity? A comprehensive analysis of breastfeeding patterns across 
the developing world and what we can learn from them. BMC medicine 11: 
254. 

47. Foster G, Williamson J (2000) A review of current literature on the impact of 
HIV/AIDS on children in sub-Saharan Africa. AIDS 14: S275-284.

48. Sengendo J, Nambi J (1997) The psychological effect of orphanhood: a study 
of orphans in Rakai district. Health Transit Rev 7: 105-124.

49. Patel V, Kleinman A (2003) Poverty and common mental disorders in 
developing countries. Bull World Health Organ 81: 609-615.

50. Wachs TD, Black MM, Engle PL (2009) Maternal depression: a global threat 

to children’s health, development, and behavior and to human rights. Child 
Development Perspectives 3: 51-59. 

51. Sohr-Preston SL, Scaramella LV (2006) Implications of timing of maternal 
depressive symptoms for early cognitive and language development. Clin 
Child Fam Psychol Rev 9: 65-83. 

52. Abubakar A (2008) Infant-toddler development in a multiple risk environment 
in Kenya. 

53. Afran L, Garcia Knight M, Nduati E, Urban BC, Heyderman RS, et al. (2014) 
HIV-exposed uninfected children: a growing population with a vulnerable 
immune system? Clin Exp Immunol 176: 11-22. 

54. Abrams EJ, Matheson PB, Thomas PA, Thea DM, Krasinski K, et al. (1995) 
Neonatal predictors of infection status and early death among 332 infants 
at risk of HIV-1 infection monitored prospectively from birth. Pediatrics 96: 
451-458. 

55. Filteau S (2009) The HIV-exposed, uninfected African child. Trop Med Int 
Health 14: 276-287.

56. Fox MP, Brooks DR, Kuhn L, Aldrovandi G, Sinkala M, et al. (2009) Role of 
breastfeeding cessation in mediating the relationship between maternal HIV 
disease stage and increased child mortality among HIV-exposed uninfected 
children. Int J Epidemiol 38: 569-576. 

57. Gichuhi C, Obimbo E, Mbori-Ngacha D, Mwatha A, Otieno P, et al. (2006) 
Predictors of mortality in HIV-1 exposed uninfected post-neonatal infants at 
the Kenyatta National Hospital, Nairobi. East Afr Med J 82. 

58. Gompels U, Larke N, Sanz-Ramos M, Bates M, Musonda K, et al. (2012) 
Human cytomegalovirus infant infection adversely affects growth and 
development in maternally HIV-exposed and unexposed infants in Zambia. 
Clin Infect Dis 54: 434-442. 

59. Thea DM, St Louis ME, Atido U, Kanjinga K, Kembo B, et al. (1993) A 
prospective study of diarrhea and HIV-1 infection among 429 Zairian infants. 
N Engl J Med 329: 1696-1702.

60. Izadnegahdar R, Fox MP, Jeena P, Qazi SA, Thea DM (2014) Revisiting 
pneumonia and exposure status in infants born to HIV-infected mothers. 
Pediatr Infect Dis J 33: 70-72.

61. Slogrove AL, Cotton MF, Esser MM (2010) Severe infections in HIV-exposed 
uninfected infants: clinical evidence of immunodeficiency. J Trop Pediatr 56: 
75-81.

62. Slogrove A, Reikie B, Naidoo S, De Beer C, Ho K, et al. (2012) HIV-exposed 
uninfected infants are at increased risk for severe infections in the first year of 
life. J Trop Pediatr 58: 505-508.

63. Lipshultz SE, Miller TL, Wilkinson JD, Scott GB, Somarriba G, et al. (2013) 
Cardiac effects in perinatally HIV-infected and HIV-exposed but uninfected 
children and adolescents: a view from the United States of America. J Int 
AIDS Soc 16:18597.

64. Miyamoto M, Pessoa SD, Ono E, Machado DM, Salomao R, et al. (2010) Low 
CD4+ T-cell levels and B-cell apoptosis in vertically HIV-exposed noninfected 
children and adolescents. J Trop Pediatr 56: 427-432. 

65. Becquet R, Leroy V, Ekouevi DK, Viho I, Castetbon K, et al. (2006) 
Complementary feeding adequacy in relation to nutritional status among early 
weaned breastfed children who are born to HIV-infected mothers: ANRS 
1201/1202 Ditrame Plus, Abidjan, Cote d’Ivoire. Pediatrics 117: e701-e710. 

66. Potterton J, Stewart A, Cooper P, Becker P (2010) The effect of a basic home 
stimulation programme on the development of young children infected with 
HIV. Dev Med Child Neurol 52: 547-551.

http://www.ncbi.nlm.nih.gov/pubmed/12233936
http://www.ncbi.nlm.nih.gov/pubmed/12233936
http://www.ncbi.nlm.nih.gov/pubmed/10880065
http://www.ncbi.nlm.nih.gov/pubmed/10880065
http://www.ncbi.nlm.nih.gov/pubmed/10880065
http://www.ncbi.nlm.nih.gov/pubmed/16510667
http://www.ncbi.nlm.nih.gov/pubmed/16510667
http://www.ncbi.nlm.nih.gov/pubmed/16510667
http://www.ncbi.nlm.nih.gov/pubmed/17950012
http://www.ncbi.nlm.nih.gov/pubmed/17950012
http://www.ncbi.nlm.nih.gov/pubmed/17950012
http://www.ncbi.nlm.nih.gov/pubmed/16510653
http://www.ncbi.nlm.nih.gov/pubmed/16510653
http://www.ncbi.nlm.nih.gov/pubmed/16510653
http://www.ncbi.nlm.nih.gov/pubmed/19486107
http://www.ncbi.nlm.nih.gov/pubmed/19486107
http://www.ncbi.nlm.nih.gov/pubmed/19486107
http://www.ncbi.nlm.nih.gov/pubmed/19486107
http://www.ncbi.nlm.nih.gov/pubmed/22552809
http://www.ncbi.nlm.nih.gov/pubmed/22552809
http://www.ncbi.nlm.nih.gov/pubmed/22552809
http://www.ncbi.nlm.nih.gov/pubmed/22308272
http://www.ncbi.nlm.nih.gov/pubmed/22308272
http://www.ncbi.nlm.nih.gov/pubmed/22308272
http://www.ncbi.nlm.nih.gov/pubmed/23263176
http://www.ncbi.nlm.nih.gov/pubmed/23263176
http://www.ncbi.nlm.nih.gov/pubmed/23263176
http://www.ncbi.nlm.nih.gov/pubmed/23263176
http://www.ncbi.nlm.nih.gov/pubmed/23263176
http://www.ncbi.nlm.nih.gov/pubmed/24409987
http://www.ncbi.nlm.nih.gov/pubmed/24409987
http://www.ncbi.nlm.nih.gov/pubmed/24409987
http://www.ncbi.nlm.nih.gov/pubmed/24409987
http://www.ncbi.nlm.nih.gov/pubmed/16549972
http://www.ncbi.nlm.nih.gov/pubmed/16549972
http://www.ncbi.nlm.nih.gov/pubmed/16549972
http://www.ncbi.nlm.nih.gov/pubmed/19530544
http://www.ncbi.nlm.nih.gov/pubmed/19530544
http://www.ncbi.nlm.nih.gov/pubmed/22296227
http://www.ncbi.nlm.nih.gov/pubmed/22296227
http://www.ncbi.nlm.nih.gov/pubmed/22296227
http://www.ncbi.nlm.nih.gov/pubmed/22296227
http://www.ncbi.nlm.nih.gov/pubmed/19644348
http://www.ncbi.nlm.nih.gov/pubmed/19644348
http://www.ncbi.nlm.nih.gov/pubmed/19644348
http://www.ncbi.nlm.nih.gov/pubmed/19644348
http://www.ncbi.nlm.nih.gov/pubmed/19358777
http://www.ncbi.nlm.nih.gov/pubmed/19358777
http://www.ncbi.nlm.nih.gov/pubmed/24125015
http://www.ncbi.nlm.nih.gov/pubmed/24125015
http://www.ncbi.nlm.nih.gov/pubmed/24125015
http://www.ncbi.nlm.nih.gov/pubmed/23118140
http://www.ncbi.nlm.nih.gov/pubmed/23118140
http://www.ncbi.nlm.nih.gov/pubmed/23118140
http://www.ncbi.nlm.nih.gov/pubmed/12891063
http://www.ncbi.nlm.nih.gov/pubmed/12891063
http://www.ncbi.nlm.nih.gov/pubmed/12891063
http://www.ncbi.nlm.nih.gov/pubmed/22156962
http://www.ncbi.nlm.nih.gov/pubmed/22156962
http://www.ncbi.nlm.nih.gov/pubmed/22156962
http://www.ncbi.nlm.nih.gov/pubmed/22935866
http://www.ncbi.nlm.nih.gov/pubmed/22935866
http://www.ncbi.nlm.nih.gov/pubmed/22935866
http://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-11-254
http://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-11-254
http://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-11-254
http://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-11-254
http://www.ncbi.nlm.nih.gov/pubmed/11086871
http://www.ncbi.nlm.nih.gov/pubmed/11086871
http://www.ncbi.nlm.nih.gov/pubmed/10169639
http://www.ncbi.nlm.nih.gov/pubmed/10169639
http://www.ncbi.nlm.nih.gov/pubmed/14576893
http://www.ncbi.nlm.nih.gov/pubmed/14576893
http://onlinelibrary.wiley.com/doi/10.1111/j.1750-8606.2008.00077.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1750-8606.2008.00077.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1750-8606.2008.00077.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/16817009
http://www.ncbi.nlm.nih.gov/pubmed/16817009
http://www.ncbi.nlm.nih.gov/pubmed/16817009
https://pure.uvt.nl/portal/en/publications/infanttoddler-development-in-a-multiple-risk-environment-in-kenya(63f0cee4-4795-4b49-981d-1b34679ee8eb).html
https://pure.uvt.nl/portal/en/publications/infanttoddler-development-in-a-multiple-risk-environment-in-kenya(63f0cee4-4795-4b49-981d-1b34679ee8eb).html
http://www.ncbi.nlm.nih.gov/pubmed/24325737
http://www.ncbi.nlm.nih.gov/pubmed/24325737
http://www.ncbi.nlm.nih.gov/pubmed/24325737
http://www.ncbi.nlm.nih.gov/pubmed/7651777
http://www.ncbi.nlm.nih.gov/pubmed/7651777
http://www.ncbi.nlm.nih.gov/pubmed/7651777
http://www.ncbi.nlm.nih.gov/pubmed/7651777
http://www.ncbi.nlm.nih.gov/pubmed/19171011
http://www.ncbi.nlm.nih.gov/pubmed/19171011
http://www.ncbi.nlm.nih.gov/pubmed/19047077
http://www.ncbi.nlm.nih.gov/pubmed/19047077
http://www.ncbi.nlm.nih.gov/pubmed/19047077
http://www.ncbi.nlm.nih.gov/pubmed/19047077
http://www.ncbi.nlm.nih.gov/pubmed/16619717
http://www.ncbi.nlm.nih.gov/pubmed/16619717
http://www.ncbi.nlm.nih.gov/pubmed/16619717
http://www.ncbi.nlm.nih.gov/pubmed/22247303
http://www.ncbi.nlm.nih.gov/pubmed/22247303
http://www.ncbi.nlm.nih.gov/pubmed/22247303
http://www.ncbi.nlm.nih.gov/pubmed/22247303
http://www.ncbi.nlm.nih.gov/pubmed/8232458
http://www.ncbi.nlm.nih.gov/pubmed/8232458
http://www.ncbi.nlm.nih.gov/pubmed/8232458
http://www.ncbi.nlm.nih.gov/pubmed/24352190
http://www.ncbi.nlm.nih.gov/pubmed/24352190
http://www.ncbi.nlm.nih.gov/pubmed/24352190
http://www.ncbi.nlm.nih.gov/pubmed/19602487
http://www.ncbi.nlm.nih.gov/pubmed/19602487
http://www.ncbi.nlm.nih.gov/pubmed/19602487
http://www.ncbi.nlm.nih.gov/pubmed/22555385
http://www.ncbi.nlm.nih.gov/pubmed/22555385
http://www.ncbi.nlm.nih.gov/pubmed/22555385
http://www.ncbi.nlm.nih.gov/pubmed/23782480
http://www.ncbi.nlm.nih.gov/pubmed/23782480
http://www.ncbi.nlm.nih.gov/pubmed/23782480
http://www.ncbi.nlm.nih.gov/pubmed/23782480
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3107461/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3107461/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3107461/
http://www.ncbi.nlm.nih.gov/pubmed/16585284
http://www.ncbi.nlm.nih.gov/pubmed/16585284
http://www.ncbi.nlm.nih.gov/pubmed/16585284
http://www.ncbi.nlm.nih.gov/pubmed/16585284
http://www.ncbi.nlm.nih.gov/pubmed/20002116
http://www.ncbi.nlm.nih.gov/pubmed/20002116
http://www.ncbi.nlm.nih.gov/pubmed/20002116

	Title
	Corresponding author
	Abstract
	Background
	Review Rationale 
	Methodology
	Nutrition and Growth 
	Neurodevelopment
	Behavioral Problems 
	Antiretroviral Exposure and Neurodevelopment 
	Sociocultural Factors and Cognitive Development 
	Poverty and Child Development 
	Morbidity and Mortality 
	Table 1
	References

