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Abstract 
The availability of highly potent antiretroviral treatment during the last decades has transformed human immunodeficiency virus (HIV) infection into a chronic disease. Children that were diagnosed during the first months or years of life and received treatment, are living longer and better and are presently reaching adolescence and adulthood. Perinatally HIV-infected adolescents (PHIV) and young adults may present specific clinical, behavior and social characteristics and demands. We have performed a literature review about different aspects that have to be considered in the care and follow-up of PHIV. The search included papers in the MEDLINE database via PubMed, located using the keywords “perinatally HIV-infected” AND “adolescents”. Only articles published in English or Portuguese from 2003 to 2014 were selected. The types of articles included original research, systematic reviews, and quantitative or qualitative studies; case reports and case series were excluded. Results are presented in the following topics: “Puberal development and sexual maturation”, “Growth in weight and height”, “Bone metabolism during adolescence”, “Metabolic complications”, “Brain development, cognition and mental health”, “Reproductive health”, “Viral drug resistance” and “Transition to adult outpatient care”. We hope that this review will support the work of pediatricians, clinicians and infectious diseases specialists that are receiving these subjects to continue treatment. 
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Core tip: We have performed a literature review about different aspects that have to be considered in the care and follow-up of perinatally human immunodeficiency virus-infected adolescents and young adults. Articles reporting original research, systematic reviews, quantitative or qualitative studies and published from 2003 to 2014 were selected. Results are presented in the following topics: “Puberal development and sexual maturation”, “Growth in weight and height”, “Bone metabolism during adolescence”, “Metabolic complications”, “Brain development, cognition and mental health”, “Reproductive health”, “Viral drug resistance” and “Transition to adult outpatient care”.
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INTRODUCTION 
The World Health Organization defines adolescence as the period in life from ages 10 to 19, i.e., the second decade of life[1]. Puberty is the main biological component of adolescence and results in physical and mental changes due to the reactivation of the neurohormonal mechanisms of the hypothalamic-pituitary-adrenal/gonadal axis, as well as those determined by the historical context and sociocultural conditions of each individual. 

The body image of adolescents is affected by the changes in their body attributes (hair, breasts) and functioning (ability to have sexual intercourse, menarche, voice change); similarity to the adult body; significance of recognizing the other; and interaction with others with bodies that can now awaken desire, which now become desirable and desiring[2]. This process also includes parallel losses that must be properly assimilated: loss of the childhood body, childhood parents, and childhood identity[3].
Normal adolescence syndrome is the name given to the set of characteristics proper to this developmental period, which include the following: search for oneself and one’s identity, group tendency, the need to intellectualize and fantasize, religious crisis, temporal displacement, development of sexuality, assertive social attitude, successive contradictions, progressive detachment from parents, and continuous mood swings[4].
As a result of the aforementioned features, adolescents are liable to increased exposure to alcohol and drug use, vulnerability to traffic accidents, fights, misdemeanors, and difficulty in maintaining appropriate self-care activities, such as the use of condoms, adoption of harm reduction measures, and proper use of medications. These characteristics, together with issues related to the social vulnerability of youth, contribute to the significant number of infections by the human immunodeficiency virus (HIV) that occur during this stage of life[5]. 
There is no stereotype universally representative of adolescents perinatally infected by HIV (PHIV). Some HIV-infected children reach adolescence fully aware of their condition, while others do not. In some cases, they are the only family member with an HIV infection, or they belong to families with good adherence to treatment and, thus, go through childhood having benefited from the full effects of combination antiretroviral therapy (cART): viral suppression, adequate growth, and good quality of life. In other cases, treatment is irregularly performed, and the affected youths exhibit advanced forms of the disease in adolescence, eventually requiring new drugs to ensure their survival. Other youths mature in institutions, where antiretroviral therapy (ART) may or may not be properly performed. In short, the living conditions and treatment history should be thoroughly investigated in the case of PHIV adolescents, as non-adherence to treatment is associated with the emergence of viral drug resistance, with the consequent need to change the antiretroviral regimen, and it is also associated with situations and characteristics typical of adolescence[6].
We should bear in mind that, independently of their personal history, we are interacting with individuals who tend to have a defiant attitude and who exhibit some degree of emotional instability. This situation is the context within which we must investigate adolescents’ awareness of their condition and treatment. In many cases, concepts such as HIV, CD4, or viral load are too abstract to be easily understood, and adolescents tend to be more concerned with their transforming bodies, their losses and gains[7].
Thus, the professionals who provide care to PHIV youths should feel an affinity with adolescents. Although pediatricians are trained to handle adolescents, the ideal situation is that of a multidisciplinary staff that is available to meet the peculiar demands posed by adolescent care in an integrated manner[8].
Adolescents’ caregivers should participate in all aspects of treatment, including the moment when diagnosis is communicated, therapeutic decision-making, and adherence to treatment. Healthcare professionals should be receptive to the caregivers’ insecurities, doubts, fears, and anguish, which might appear at different times during follow-up. 
The staff should assume that the adolescents’ families have the skills and conditions to help them cope with their problems and, thus, should help the relatives to become aware of their resources and possibilities and emphasize their positive aspects, helping them to feel increasingly more self-assured and competent. To establish a partnership with the patients’ relatives is the best strategy in the terms of health or education actions or prevention; it is an efficient, positive, productive, and inclusive approach that increases the opportunities to promote changes. 
STRATEGY FOR ARTICLE SEARCH
This study consisted of a literature review of articles included in the MEDLINE database via PubMed, located using the keywords “perinatally HIV-infected” AND “adolescents”. Only articles published in English or Portuguese from 2003 to 2014 were selected. The types of articles included original research, systematic reviews, and quantitative or qualitative studies; case reports and case series were excluded. 
The application of the aforementioned criteria located 200 articles based on their titles. The abstracts of 64 of such articles were analyzed, which resulted in 41 articles selected for full-text analysis and data extraction. In addition, classic literature references considered relevant for the subject of interest were included. As a result, a total of 64 articles were included in this review. Figure 1 shows the flow chart of article selection. 

PUBERTAL DEVELOPMENT AND SEXUAL MATURATION

The body changes that are characteristic of puberty include remarkable physical growth and sexual maturation. According to Marshall and Tanner, puberty is characterized by acceleration followed by cessation of growth, changes in the amount and distribution of fat, and development of the gonads and secondary sex characteristics[9,10]. 
The sequence of body changes that constitute sexual maturation comprises the development of the gonads, reproductive organs, and sex characteristics. Thelarche is the beginning of breast development in girls; gynecomastia is the enlargement of the breast tissue in boys; pubarche refers to the first appearance of pubic hair, menarche to the first menstrual cycle, semenarche to the first ejaculation, and sexarche to the first sexual intercourse. 

Just as in other chronic diseases, HIV infection acquired in the perinatal period also affects sexual maturation. This interference might result from direct virus action, secondary infections, nutritional disorders, and the action of cytokines. The delay in sexual maturation seems to be greater in the later pubertal stages[11,12]. 
One observational study conducted in the United States found a significant delay of pubertal onset in a group of 2086 adolescents with vertically transmitted HIV infection compared to uninfected youths born from HIV-infected mothers[13]. 
GROWTH IN WEIGHT AND HEIGHT
Slow weight gain and growth deficits are common among children with vertically transmitted HIV infection. These children exhibit early and progressive reductions of linear growth and body mass index, in addition to sustained deficit in anthropometric indexes compared to non-infected individuals[14,15]. These disorders, starting in childhood, might continue into adolescence. Weight loss is common among HIV-infected individuals, independent of the use of highly active antiretroviral therapy (HAART), and it seems to have a multifactorial etiology.
Weight loss occurs early in the course of infection, preceding the manifestation of significant compromise of the immune system[16]. Growth failure is a well-known indicator of disease progression among HIV-infected children and adolescents and usually precedes the decrease of CD4+ cells. Improvement of growth parameters might be used as a measure of HAART efficacy; control of viral replication exerts a positive effect on the weight and height [17].

Deficits in growth precede and may contribute to the onset of immunodeficiency and opportunistic infections in HIV-infected individuals[18]. 
The differences in growth patterns are probably due to differences in the manifestations of the disease in HIV-infected children and adolescents; growth delay is greater in patients with viral loads above 100000 copies/mL[19]. 

The final height of individuals with vertically transmitted HIV infection is usually shorter than the target height. This fact suggests that the height loss accumulated throughout childhood and adolescence might influence the final height in that population[20]. 
BONE METABOLISM DURING ADOLESCENCE

Puberty is a significant period vis-à-vis the acquisition of adequate bone mass. Some of the factors that influence normal bone mineralization are as follows: calcium intake, vitamin D levels, physical activity, hormones, genetic factors, and nutritional status[21]. The adolescent growth spurt is characterized by large bone mass accumulation; the incidence of fractures due to relative bone fragility is high as a result of the dissociation between bone expansion and mineralization[22]. The peak of bone mineralization corresponds to the accumulation of calcium in this tissue. The bone mineral density (BMD) decreases before the adolescent growth spurt, and it increases over the subsequent four years. The peak calcium accretion rate was found to occur at a median age of 12.5 years old in girls and 14 years old in boys[23]. 


In the current scenario of HIV-infection in growing and developing children, characterized by increased survival and prolonged ART use, the long-term impact on the children’s bone metabolism is not well known[24]. The BMD is lower in HIV-infected children and adolescents compared to the non-infected population[25]. Children using HAART exhibit complications resulting from low BMD[26,27]. These complications are potentially more severe in adolescents than adults due to the adolescent growth spurt and puberty[27]. 
The etiology of low BMD is multifactorial and might be directly related to the virus, ART, comorbidities, or factors unrelated to HIV infection. Periodic BMD testing is indicated during adolescence, and youths found to have low BMD should be instructed to perform high-impact exercises and use calcium and vitamin D supplements[28]. 

METABOLIC COMPLICATIONS 
The long-term benefits of HAART are widely known. Increasing numbers of children with vertically transmitted HIV infection are reaching adulthood and, thus, becoming chronically ill adults[27]. In addition to its impact on the survival of this population, prolonged HAART also seems to have cardioprotective effects in HIV-infected children and adolescents[29]. However, as part of this scenario of improved survival, many youths develop severe metabolic complications, including lipodystrophy, dyslipidemia, insulin resistance, lactic acidosis, and bone mass loss. Dyslipidemia, which is mainly associated with the use of protease inhibitors, may increase the risk of cardiovascular disease in adulthood[27]. 
Chokephaibulkit and colleagues found that the levels of parathyroid hormone were significantly higher among adolescents with vitamin D deficiency[30]. Insulin resistance has also been reported in children and adolescents with vertically transmitted HIV infection in association with higher body mass index values[31,32]. 
HIV-associated lipodystrophy is a particular cause of concern in adolescence, as the disordered distribution of the body fat – loss of fat in the face and lower limbs and enlarged dorsocervical fat pad and chest fat – might have significant repercussions in this stage of life, when the individual develops the adult body that serves to present oneself to the world. Multidisciplinary healthcare staff should be aware of the possibility that lipodystrophy may act as a hindrance to ART adherence[8]. 
In addition to the aforementioned body changes, ART is also associated with increased cholesterol and triglyceride levels[33], which make dietary and exercise advice indispensable in the clinical management of these patients[8]. Adolescents at high risk for atherosclerotic disease might benefit from early changes in their lifestyle, as well as from clinical interventions that aim to improve their long-term prognosis[34].
Routine and systematic cardiac evaluation has paramount importance in the follow-up of HIV-infected children and adolescents, as cardiovascular disease has become a part of care for long-term survivors. Accelerated atherosclerosis has also been found in young adults without traditional coronary risk factors[35]. 
BRAIN DEVELOPMENT, COGNITION, AND MENTAL HEALTH

Neuroimaging data collected from healthy children and adolescents show that the brain volume attains its peak by 10.5 years of age among girls and 14.5 years among boys; the grey matter decreases and the white matter increases during adolescence[36]. This developmental stage is known as “synaptic pruning”. The increase in white matter reflects greater axon myelination, with increased neural transmission speed and better quality of brain connectivity. 

Some evidence indicates that structural and functional changes in different brain areas are associated with greater rational and emotional planning skills (prefrontal cortex), higher memory capacity (temporal lobe), language skills (frontal lobe), higher intelligence quotient (frontal and occipital lobes), and better reading skills (temporal and parietal lobes). The central executive function processes in this developmental stage include working memory, processing speed, and cognitive flexibility. 

One study assessed 16 PHIV adolescents undergoing ART using neuroimaging methods and found increased grey matter and decreased white matter relative to healthy controls[37]. Those findings agree with well-documented alterations in subcortical structures among HIV-infected adults, such as neural loss across the entire prefrontal cortex, cerebral atrophy, and white matter demyelination affecting periventricular areas, the corpus callosum, internal capsule, anterior commissure, and optical tract in particular. The cognitive domains most affected among HIV-infected adults are motor skills, expressive language, episodic memory (encoding and retrieval), and executive function (processing speed, attention, and working memory), the latter of which seems to contribute substantially to learning, particularly during childhood[38-40]. Prospective memory, which is related to “remembering to remember”, is also impaired; this impairment has a close relationship with the action of taking medicine at the right time and, thus, with adherence to treatment. Therefore, the brain and cognitive development of adolescents living with HIV may be impaired in different ways, resulting in lower intelligence and poorer academic performance, executive deficits (abstraction, problem-solving, cognitive flexibility, and cognitive deficits in social skills and planning), limited memory skills, language deficits (in cases with encephalopathy), reduced information processing speed, attention deficit, and impaired motor coordination[41,42].

The results of a literature review on the neurodevelopment of PHIV children and adolescents suggest that such youths do not perform as well as controls in evaluations of cognition, processing speed and visual-spatial tasks and are at higher risk of mental health problems[43]. One study used a neuropsychological battery to assess the cognitive domains of attention/processing speed, psychomotor ability, and problem-solving skills in 16 PHIV adolescents. The results showed that the performance of the PHIV youths was poorer compared to the control group, which consisted of age-matched HIV-uninfected volunteers[44]. 

In regard to mental health, the incidence of psychiatric disorders is higher among PHIV adolescents and uninfected youths belonging to HIV-infected families compared to the general population[45-47]. Several studies found that up to 70% of such adolescents meet psychiatric diagnostic criteria. Some authors found correlations between diagnosis in adolescents and psychiatric disorders among their caretakers[45-47]. 
REPRODUCTIVE HEALTH
PHIV adolescents start their sexual life at approximately the same age as the HIV-uninfected population[48,49]. Studies on pregnancy showed that its progression and outcomes are similar among PHIV women and women with sexually transmitted HIV, except for the proportion of women with undetectable viral load close to labor and delivery, which is lower among PHIV women[50-52]. The difficulty of attaining viral suppression in that population of pregnant women is probably due to their long previous exposure to various ART regimens, with the consequent emergence of resistance-related mutations in HIV; that fact also accounts for the high rate of cesarean deliveries in that group. 

VIRAL DRUG RESISTANCE
Currently, few ART-naive PHIV adolescents are admitted for treatment. The ongoing strategy of diagnosing women living with HIV during pregnancy allows the early diagnosis of perinatal infection among the exposed infants, while global guidelines emphasize the relevance of starting treatment within the first months of life[53,54]. However, difficulties in adherence to treatment throughout childhood account for the emergence of resistance-associated mutations in the virus, as well as successive drug changes.

When the hindrances to adequate adherence to treatment during childhood are not removed, PHIV adolescents might not achieve appropriate viral suppression and often exhibit multidrug resistance-associated mutations[55]. Several studies have shown that the proportion of PHIV adolescents with viral suppression is approximately 50%[56-59]. 
The possible transmission of virus strains with resistance-associated mutations by this population to their sexual partners is a significant cause of concern. A longitudinal study that followed up 330 PHIV adolescents who responded to audio computer-assisted self-interviews (ACASI) in the United States found that 62% of the sexually active youths reported engaging in unprotected sexual intercourse. The viral load was over 5000 copies/mL in 42% of the sexually active PHIV adolescents, and in almost all, the virus exhibited resistance-associated mutations[49]. 
TRANSITION TO ADULT OUTPATIENT CARE

The advances made in AIDS treatment have significantly improved the survival of children and adolescents with vertically transmitted HIV infections[60]. The demand for transfer to adult outpatient care increased concordantly with the extent to which such youths now reach adulthood. More than 25000 HIV-infected individuals aged 13-24 years old are currently undergoing the transition to adult outpatient care in the United States[61]. 
For this transition to be successful, the focus must fall on comprehensive care, including the patients’ mental and reproductive health, gender identity, sexuality, stigmas, social issues, cognitive development, adherence to ART, detachment from pediatric outpatient care, and communication with the staff in charge of patient care[61-63]. Integral care poses a major challenge; however, it is crucial for the management of this population of patients to reduce the impact of the transition and improve their long-term follow-up. Integral care is necessary to ensure that the therapeutic success achieved in childhood will continue during adulthood[60,62,64]. 

CONCLUSION
The aim of this review is to provide information to the pediatricians and infectious disease specialists in charge of continuing the treatment given to PHIV adolescents since childhood. The clinical and laboratory monitoring of these youths should be able to detect problems such as delayed growth and physical and neuropsychological development, metabolic and bone disorders, and issues related to their reproductive health. Possible therapeutic failures should be addressed, considering the individual and family history relative to ART. The follow up of adults perinatally infected with HIV will pose new challenges vis-à-vis the benefits and complications of ART. 
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