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Abstract

The great success in the prevention and treatment of pediatric HIV in high resource countries, and now in low resource

countries, has changed the face of the HIV epidemic in children from one of near certain mortality to that of a chronic disease.

However, these successes pose new challenges as perinatally HIV-infected youth survive into adulthood. Increased survival of

HIV-infected children is associated with challenges in maintaining adherence to what is likely life-long therapy, and in selecting

successive antiretroviral drug regimens, given the limited availability of pediatric formulations, limitations in pharmacokinetic

and safety data of drugs in children, and the development of extensive drug resistance in multi-drug-experienced children.

Pediatric HIV care must now focus on morbidity related to long-term HIV infection and its treatment. Survival into adulthood of

perinatally HIV-infected youth in high resource countries provides important lessons about how the epidemic will change with

increasing access to antiretroviral therapy for children in low resource countries. This series of papers will focus on issues

related to management of perinatally infected youth and young adults.
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The remarkable success in the prevention and treatment

of paediatric HIV infection in high-resource countries has

changed the face of the HIV epidemic in children from a fatal

disease to that of a chronic illness.With widespread access to

antiretroviral therapy in high-resource settings, many perina-

tally infected children are surviving into adolescence, young

adulthood and beyond [1]. With increasing access to anti-

retroviral therapy in resource-limited settings, a similar

population of perinatally infected youth is emerging [2].

Important lessons gained in high-resource settings about how

the epidemic changes with increasing access to antiretroviral

therapy for children will help to inform management in

resource-limited settings [3].

These successes pose new management challenges as

perinatally infected youth survive into adulthood. There have

been significant difficulties in maintaining adherence to life-

long therapy, and in selecting successive antiretroviral drug

regimens, given the limited availability of paediatric formula-

tions, pharmacokinetic, and safety data in children and

development of extensive drug resistance in multi-drug-

experienced children. Long-term survival of youth with

perinatal HIV infection has been accompanied by unantici-

pated needs. These include management of long-term com-

plications of therapy, sexual and reproductive health, mental

health needs, and issues of higher education and career

training [4,5].

How to transition from complete dependence on adult

caregivers and health services provided in paediatric HIV care

settings, which are often multidisciplinary, family-centred and

include extensive support services, to adult HIV care systems

and assuming responsibility for their own care has received

little attention [6]. These young adolescents may fall through

the cracks and suffer from a sense of abandonment as they

lose the familiar and dependable environment and staff of

the paediatric HIV clinic (clinicians, social workers, nursing

staff) and its support services.

To optimize the psychosocial well-being and treatment

outcomes of perinatally infected adolescents and young

adults as well as enabling them to lead long, meaningful

and productive lives, there is an urgent need to understand

the factors that either facilitate or serve as a barrier to the

health and well-being of HIV-infected children and youth, and

the complications of HIV and therapy as they age. The articles

in this series provide a comprehensive evaluation of the issues

related to perinatal HIV infection in both high- and low-

resource settings.

One common theme is the paucity of research in the area

of adolescent perinatal HIV infection, including a lack of

epidemiologic data to better define this population of youth

on a global basis, and the general lack of data regarding

potential impacts of gender on HIV disease in this population.

Sohn and Hazra discuss the changes in the global paediatric

HIV epidemic as children receiving antiretroviral therapy age

into adolescence, highlighting our lack of knowledge regard-

ing the global numbers of perinatally infected youth over 15

years of age because global reporting does not differentiate
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between perinatal and behaviourally infected youth [7]. They

discuss treatment challenges in multi-drug-experienced chil-

dren and available data on regional outcomes of treatment

and long-term complications in perinatally infected youth in

Africa, Asia, the US, Europe and Latin America/Caribbean.

They note that the lack of a global surveillance system or

mechanism for tracking perinatally infected children as they

transition to adulthood results in a lack of understanding of

the needs of these children and whether they are retained in

care or lost to follow-up.

Agwu and Fairlie discuss the multiple challenges of

antiretroviral therapy in perinatally infected youth, with a

focus on adherence issues and a review of clinical, immune

and viral outcomes [8]. Children with perinatal HIV infection

initiate therapy during a period of rapid growth and face

decades, if not a life-time, of antiretroviral drug exposure.

Perinatally infected youth often have complex clinical his-

tories, multi-class drug experience and often drug resistant

virus, complicating their care and limiting choice of therapy.

While treatment is life-saving, adherence to therapy is

particularly problematic in infected adolescents, with multi-

faceted aetiologies and little specific research, particularly in

resource-limited settings [9]. The authors note that successful

treatment in perinatally infected youth is complicated by

developmental, cognitive and psychosocial challenges, and

that continued successful clinical outcomes of treatment in

these youth may be particularly compromised by a resistant

virus, non-adherence and the limited pipeline of new agents.

Longitudinal data are needed to determine if the increased

life-expectancy in treated HIV-infected adults will be dupli-

cated in perinatally infected youth as they transition in to

adulthood.

Mellins and Malee discuss mental health issues in perina-

tally infected youth, reviewing the literature in this area, risk

as well as protective factors, treatment modalities and need

for further research [10]. Infected youth have a high rate of

psychiatric symptoms, particularly attention-deficit disorder

and depression, compared to children from similar socio-

economic circumstances [11,12]. The aetiology of these

disorders is likely multifactorial, including biologic factors

such as HIV itself, its treatment, as well as psychosocial factors

including chronic illness, poverty, loss of parents, and stigma

and rejection by peers. Psychiatric symptoms may be

associated with poor behavioural outcomes, such as risky

sexual behaviours which could promote HIV transmission (and

pregnancy), drug use and poor adherence to therapy. The

authors note the critical need for data from and tools for

resource-limited settings, and the potential utility of resilience

models to identify key areas that may be amenable to

preventive interventions.

Laughton and colleagues discuss neurodevelopmental

issues in perinatally infected youth, noting that infected

youth exhibit problems on general cognitive tests, processing

and visual-spatial tasks and are at high risk for psychiatric and

mental health problems as discussed by Mellins [10,13].While

antiretroviral therapy has significantly decreased HIV ence-

phalopathy, as HIV-infected children survive into adolescence

and young adulthood, more subtle manifestations of central

nervous system disease are still seen. These cognitive deficits,

problems with attention and psychiatric disorders are far less

acutely devastating than encephalopathy but may well have a

tremendous impact on these youth as they survive into

adulthood. The etiologic factors are complex and may include

the effects of HIV infection (both on-going central nervous

system viral replication as well as past impact of infection on

the developing brain), chronic inflammation, antiretroviral

drugs toxic effects, social factors and other exposures (both in

utero and behaviourally based, such as substance use). The

authors note the paucity of data in infected adolescents and

in youth from resource-limited settings.

Lipshultz and colleagues discuss the cardiac effects of HIV

and its treatment in perinatally infected children and

adolescents, including the range of cardiovascular disease in

children, the clinical manifestations, pathogenesis and mon-

itoring, including cardiac biomarkers, and treatment [14].

They emphasize the need for routine systematic cardiac

evaluation for perinatally infected youth and note that

many of the metabolic complications of therapy may also

be associated with future cardiovascular disease as the youth

age into adulthood.

Barlow-Mosha and colleagues discuss the myriad of

metabolic complications of HIV and its treatment that are

being observed in youth [15]. While potent antiretroviral

therapy has reduced morbidity and mortality, as in adults,

long-term metabolic complications are common in infected

children. Perinatally infected youth will have prolonged

exposure to therapy throughout various stages of growth

and development, receive multiple drug regimens as they

age, and are at high risk for metabolic complications. High

rates of obesity, dyslipidemia and insulin resistance have

been described in perinatally infected youth, all of which are

factors associated with cardiovascular disease in non-HIV-

infected populations [16]. While these youth are still too

young to have experienced cardiovascular outcomes, perina-

tally infected children and adolescents will be subject to

the effects of these risk factors as they enter the third and

fourth decades of life. The authors note that many of these

metabolic toxicities may be asymptomatic and progress

unnoticed, particularly in resource-limited settings where

monitoring may be limited, and that developing effective

strategies to monitor, prevent and manage metabolic

complications of therapy in perinatally infected youth will

be important, particularly in resource-limited settings.

Puthanakit and Siberry discuss issues related to the effect

of HIV infection and antiretroviral therapy on bone. They

discuss normal bone development and non-HIV factors

affecting development as well as HIV and treatment-related

factors impacting bone, and approaches to detection, pre-

vention and management of these problems in youth [17].

Bone undergoes profound changes in size, mass and strength

from foetal life to adulthood, and children may be particu-

larly vulnerable to HIV and antiretroviral-related effects on

bone due to higher bone turnover; approximately 80% of

peak bone mass is attained by age 18�20 [18,19]. Numerous

studies have reported lower bone mass in perinatally

infected children compared to healthy children of similar
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age and sex, but the causes, interaction with treatment

and risk for fracture are poorly understood [4]. Clinical

manifestations of these effects on bone may only become

evident as these youth become adults.

Bhimma and colleagues discuss the problem of kidney

disease in youth with perinatal infection [20]. They note that

while treatment has dramatically reduced HIV-associated

nephropathy, other forms of renal disease due to HIV or its

treatment have remained. They discuss the spectrum of renal

disease that has been reported in children, including renal

toxicity from antiretroviral drugs, including pathogenesis,

clinical presentation and management.

A number of studies have found that many perinatally

infected adolescents may not be aware of their HIV status in

both high- and low-resource settings [21�23]. We refer

readers to a study by Meless and colleagues, who assessed

disclosure among perinatally infected adults in Abidjan, Côte

d’Ivoı̂re [24]. They found a low disclosure rate, particularly for

younger adolescents, with only 33% of youth having been

informed of their HIV status, and note the need for the

development of practical interventions to support age-

appropriate HIV status disclosure to children and adolescents.

Weber and colleagues note the emerging data and high

prevalence of chronic lung disease in adolescents with

perinatal HIV infection, as well as the need for more detailed

prospective studies. They note that bronchiectasis and

bronchiolitis obliterans are important problems in these

children, with lung function tests showing significant impair-

ment. The importance of co-infection with tuberculosis and

the emergence of chronic lung disease is discussed, empha-

sizing the need for early antiretroviral therapy in children to

minimize the risk of chronic lung problems. Lastly, they

provide guidance for the evaluation of lung health and the

need for more prospective data.

This series of articles serves to focus attention on the

growing population of perinatally infected adolescents and

young adults globally, the complexities of their care, and

helps to identify the future research needs. A holistic

approach to improve the long-term health of these youth

is needed to ensure that our success in achieving survival

of HIV-infected children from infancy is maintained into

adulthood.

Authors’ affiliations
1Maternal and Pediatric Infectious Disease Branch, Eunice Kennedy Shriver

National Institute of Child Health and Human Development, National Institutes

of Health, Rockville, MD 20852, USA; 2Division of Infectious Diseases, Tygerberg

Children’s Hospital, Stellenbosch University, Cape Town, South Africa

Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

Both authors contributed to the writing of the manuscript. LMM finalized the

draft and all authors approved this version for publication.

References

1. Brady MT, Oleske JM, Williams PL, Elgie C, Mofenson LM, Dankner WM,

et al. Declines in mortality rates and changes in causes of death in HIV-1-

infected children during the HAART era. JAIDS. 2010;53:86�94.
2. Davies MA, Keiser O, Technau K, Eley B, Rabie H, van Cutsem G, et al.

Outcomes of the South African National Antiretroviral Treatment Programme

for children: the IeDEA Southern Africa collaboration. S Afr Med J.

2009;99:730�7.
3. Hazra R, Siberry GK, Mofenson LM. Growing up with HIV: children,

adolescents and young adults with perinatally acquired HIV infection. Annu

Rev Med. 2010;61:169�85.
4. Heidari S, Mofenson LM, Hobbs CV, Cotton MF, Marlink R, Katabira E.

Unresolved antiretroviral management issues in HIV-infected children. JAIDS.

2012;59:161�9.
5. Fair C, Wiener L, Zadeh S, Albright J, Mellins CA, Mancilla M, et al.

Reproductive health decision-making in perinatally HIV-infected adolescents

and young adults. Matern Child Health J. 2012 (published on-line 27 June

2012).

6. Downshen N, D’Angelo L. Health care transition for youth living with HIV/

AIDS. Pediatrics. 2011;128:762�71.
7. Sohn AH, Hazra R. The changing epidemiology of the global pediatric HIV

epidemic: keeping track of perinatally HIV-infected adolescents. J Int AIDS Soc,

16: 18555. doi: 10.7448/IAS.16.1.18555.

8. Agwu AL, Fairlie L. Antiretroviral treatment, management challenges, and

outcomes in perinatally HIV-infected adolescents. J Int AIDS Soc, 16: 18579.

doi: 10.7448/IAS.16.1.18579.

9. MacDonell K, Naar-King S, Huszti H, Belzer M. Barriers to medication

adherence in behaviorally and perinatally-infected youth living with HIV. AIDS

Behav. 2013;17:86�93.
10. Mellins CA, Malee KM. Understanding the mental health of youth living

with perinatal HIV infection: lessons learned and current challenges. J Int AIDS

Soc, 16: 18593. doi: 10.7448/IAS.16.1.18593.

11. Chernoff M, Nachman S, Williams P, Brouwers P, Heston J, Hodge J, et al.

Mental health treatment patterns in perinatally HIV-infected youth and

controls. Pediatrics. 2009;124:627�35.
12. Gadow KD, Angelidou K, Chernoff M, Williams PL, Heston J, Hodge J, et al.

Longitudinal study of emerging mental health concerns in youth perinatally

infected with HIV and peer comparisons. J Dev Behav Pediatr. 2012;33:456�68.
13. Laughton B, Cornell M, Boivin M, van Rie A. Neurodevelopment in

perinatally HIV-infected children: a concern for adolescence. J Int AIDS Soc, 16:

18603. doi: 10.7448/IAS.16.1.18603.

14. Lipshultz SE, Miller TL, Wilkinson JD, Scott GB, Somarriba G, Cochran TR,

et al. Cardiac effects in perinatally HIV-infected and HIV-exposed but un-

infected children and adolescents. J Int AIDS Soc, 16: 18597. doi: 10.7448/

IAS.16.1.18597.

15. Barlow-Mosha L, Eckard AR, McComsey GA, Musoke P. Metabolic

complications and treatment of perinatally HIV-infected children and

adolescents. J Int AIDS Soc, 16: 18600. doi: 10.7448/IAS.16.1.18600.

16. Vigano A, Cerini C, Pattarino G, Fason S, Zuccotti GV. Metabolic

complications associated with antiretroviral therapy in HIV-infected and HIV-

exposed uninfected paediatric patients. Expert Opin Drug Saf. 2010;9:431�45.
17. Puthanakit T, Siberry GK. Bone health in children and adolescents with

perinatal HIV infection. J Int AIDS Soc, 16: 18575. doi: 10.7448/IAS.16.1.18575.

18. Zemel B. Bone mineral accretion and its relationship to growth, sexual

maturation, and body composition during childhood and adolescence. World

Rev Nutr Diet. 2013;106:39�45.
19. Baxter-Jones AD, Baxter-Jones F, Faulkner RA, Forwood MR, Mirwald RL,

Bailey DA. Bone mineral accrual from 8 to 30 years of age: an estimation of

peak bone mass. J Bone Miner Res. 2011;26(8):1729�39.
20. Bhimma R, Purswani M, Kala U. Kidney disease in children and adolescents

with perinatal HIV-1 infection. J Internat AIDS Soc, 16: 18596. doi: 10.7448/

IAS.16.1.18596.

21. Arrive E, Dicko F, Amghar H, Aka AE, Dior H, Bouah B, et al. HIV status

disclosure and retention in care in HIV-infected adolescents on antiretroviral

therapy in West Africa. PLosOne. 2012;7:e33690.

22. Abebe W, Teferra S. Disclosure of diagnosis by parents and caregivers to

children infected with HIV: prevalence associated factors and perceived

barriers in Addis Ababa, Ethiopia. AIDS Care. 2012;24:1097�102.
23. Oberdorfer P, Puthanakit T, Louthrenoo O, Charnsil C, Sirisanthana V,

Sirisanthana T. Disclosure of HIV/AIDS diagnosis to HIV-infected children in

Thailand. J Paediatr Child Health. 2006;42:283�8.
24. Meless GD, Aka-Dago-Akribi H, Cacou C, Eboua TF, Aka AE, Oga AM, et al.

HIV status disclosure and its related factors in HIV-infected adolescents in 2009

in the Aconda program (CePReF, CHU Yopougon) in Abidjan, Cote d’Ivoire, the

PRADO-CI Study. J Int AIDS Soc, 16: 18569. doi: 10.7448/IAS.16.1.18569.

Mofenson LM and Cotton MF. Journal of the International AIDS Society 2013, 16:18650

http://www.jiasociety.org/index.php/jias/article/view/18650 | http://dx.doi.org/10.7448/IAS.16.1.18650

3

http://www.jiasociety.org/index.php/jias/article/view/18650
http://dx.doi.org/10.7448/IAS.16.1.18650


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


